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The basic steps and procedures in the.development'of

-criterion referenced tests (CRT), as well as the issues and problenms
associated with these activities are discussed. In the first section
of the paper, the discussions focus upon the purpose and deflnlng
characteristics of CRTs, item construction and selection, improving
iten qual;ty, content validity, item and test bias, test scores, and
packaging and other considerations. In the second section, the
results of a survey conducted to assess current efforts in criterion
referenced testing are summarized. Five defining
characteristics—--program. focus, instructional dependence, objeetlve
and item generation, test models and packaging, and test scores--are
provided for each of the following testing programs: California Test
Bureau--McGraw-Hill, Prescriptive Mathematics Inventory;
Comprehensive Achievement Monitoring; Individualized Criterion
Referenced Testing; Instructional Objectives Exchange; MINNEMAST
Curriculum Project--University of Minnesota; National Assessment of
Educational Progress; Southwest Regional Laboratory; System for
Objectives Based Assessment—--Reading, Center for the Study of

Evaluationg

UCLA; and Zweig and Associates. From this analysis, 10

questions that the CRT developer must answer in order to clarixXy the
nature and purpose of a CRT are provided. (DB)
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PREFACE

©

A visitor 1o our planetEarth surveying the current state of
educatibnal testing would very likely be confused by -what
he tound. He would observe. for example, the increasing

use of tests in all phases and facets of the cducational
process including the evaluation of instructional personnel.
He would learn. too. about the great technological improve-
ments that have been made in tests and in theiv administra-
tion, scoring, and reporting procedures. All of these factors
would tend to support the notion ilmt tests are fulfilling an
important and vital role. On the other hand. this same
observer might also heer the valid complaints of the

-growing cadre of test eritics, These critics complain that
presenit tests are inappropriste for most educationat deci-

sion making and. i’ 4 test is not going to be used for
decision making, why bother giving it in the first place?
Perhaps one of the quickest ways or alleviating our
visitar's confusion is to point out to him certain changes
that have been oceurring in education and testing during
+he past. few years. For example, most expert test cen-
struction in the vast has focused upon a relatively few kinds
of assessment instruments, such as those that are used to
decide . whether a student should be accepted for college.
Comparatively little help has been given to the classroom

teacher to diagnose individual student needs or assess the

outcomes of particutar instructional programs, Now, how-
ever, there is growing desire to individuddize instruction, (o
assess validly the vutcomes of istructional programs. and
¢ hold teachers and adminisirators responsible for actual
mains in student performance. These trends have increased

~~__the demand on test developers for appropriate tools

EMC and wednical matiers Points el view or apinions doo

facilitate  the | measurenient  proeess. hecause  existing

micasures “are useful for some important eduzational deci-

sions but are not Jesigned to meet all needs. Tt is evident,

-therefere, that test critics are complajning not about tests
- per se, but about the need for ccrtz\l.\in kinds of quality

meastres that are not cuirently available.

Tt is within this context of increased need for and reliance
on valid test results that the. movement towards so-called
“criterion referenced” tests” (CRT) has beea given new
impetus. A criterion referenced measure is ‘essentially “one
that is deliberately constructed so as to vield measurements
that are directly interpretable in terms of specified per-
formance standards.”!  (Glaser .& Nitko, 1971). The
pertinent question is whether or not the individuai has
attained sbme signilicant degree of competence on an
instructional performunce task (Harris, 1972),

Megsured with these charscteristics are, ol course, not
new to education, What is new is the range of importance
of the decision areys for which they are being employed or
emphasived and the attention they are being given by
measurement dand curriculum experts alike (Airasian &
Madaus, 1972; Baker, E.. 1972; Keller, 1972: Davis. 1972,
1973; Hawes. 1973). It would not be surprising. therefore,
for us to witness during the next few years a number of
mujor contribations to testing theory and methadology
arising from the use of criterion refcrenced tests. Further,

" the improvement of such measures is likely tohave many

rammifications for instructional practice, since with improved
oals even more reliance is likely to be placed apoen the
results obtained. For example. a bill is now pending before
the United States Congress that would require criterion
referenced test data in order to make funding decision:

Fese performance standards are usually behaviorally staled. tor
example: “The student will be able 10 perform ail fundamentat
mathematical opcrations involving single-digit integers,””

This publication was pnparm' P to o coniract with the Navonul Institinte of Fducation. U. S. Denartinent or Health. Education and
Wellire. Contractans undertaking, \lth projecis undes governient spensorsiiip are envouriaeed to express freely their judgment in professioral
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atfecting thousands et schools and involving several million
dollars (Quie, 1973).

It is appropriate at this point in time, therefore, for us to
examine how criterion reterenced tests are constructed and.
more imporrantly. the basic issues und procedures asso-
ciated with these ¢eps. It is haped that such an-appraisal
will clarify some of the basic methodological and theoret-
ical concerns associated with criterion referenced tests that
will be examined during the ext few years.

This" paper is divided into two parts. In the first section
the major issues and steps in the development ot CRTs are
considered. In the second section representative CRT

systems inomathematics. as well as important effores i
other content areas, have been selected for review.”

2The intended focus of this paper wis 1o be CRTs in mathematics:
however, a review ol the relevant literature disclosed relatively few
references dealing exclusively with this ficld. Further, thaose articles
pertaining specifically to mathematics mainly.deseribe the develop-
ment of particular instruments in certain contexts, They do not
consider the general concerns associated with the aevelopment and
use of CRTx in mathematics nor do they examine the vast array of
situations for which they might be applicable. Theretore, it was
decided 10 tocus this paper on concerns centrat to CRTs in generat,
with special emphasis and examples coming from mathenatics,

MAJOR ISSUES AND STEPS IN CRT DEVELOPMENT ™

This section of the paper provides a review of the basic
steps in the development of CRTs and the major issues
associated with these steps. Although many of the steps und
issues have their counterpart ini classical test development.
the present focus is upon those considerations unique to
CRTs and especially those relating to the development of
such meazures in mathematics. It shouid be kept in mind,
however, that the method chosen to resolve a particular

issuc at one stage in the development of”a CRT is likely to
have ramifications for other stages in the developmental

process as well as in the interpretation of the scores
obtained. In addition. the most important but not neces-

sarily self-evident of these implications are noted, and the’

primary techniques and procedures that have heen used as
well as their most important advantages and limitations are
identified.

Purpose and Defining Characteristies of CRTs

It is a generally accepted principle that somewhat ditferent
kinds of measures have to be constructed for dilferent
purposes. This principle also appears to carry over into the
development of CRTs. For example, to ensure an adequate
level of test reliubility. o CRT or series of CRTs that will be
used in making a decision about an individual's level of
performance will need to be longer than one used for group
assessmient, Similarly. the focus of the CRTs used for
managing an individralized learning segment of a small
mathematics unit would be narrower than that used to
measure end-of-year performance of all students in a class-
1oom. The characteristics of the target audience. such as

to

their ages and ethnic backgicunds. are also likely to
influence the test construction process in terms of the
appropriateness of various kinds of stimuli and response

-, formats. Further, the anticipated number of students ta be
;

tested and the context in which the testing will occur
influence test format, production. distribution. administra-
tion, seoring, and analysis. .

Figure 1 lists some of the basic purposes that have been
noted for using CRTs in terms of the decisions to be made
and the focus of the testing (Harris, 1973: Skager. 1973).
Three major kinds of decisions huve been identified. Deci-
sions relating o the organization of an instructional pro-
gram are classified as planning decisions. Validating the
quality and competency of a program is encompassed by
certification  decisions. Decisions  based on additional
investigation of the instructional program are inclided in a
rescarch category. With respect to the tocus of the testing
prograni, three classifications are considered. First, a CRT

“cun be primarily involved with the individual student.

Second. groups of students such as a clissroom or ethnic
group can be the focus. And third,
program itself might be the primary unit of concern.
Figure 2 illustrates how differences in the target audience
would result in different test items for the same objective.
From an inspection of these figures and the foregoing
discussion it is apparent that the different uses of CRTs:
may require ditferent kinds of measures and test models.
The fundamental issue underlying these differences is the
degree to which the CRT or set of CRTs will provide
precise and reliable information about student performance
relative to various feasibility constraints associated with
gathering this information, such as costs and twsting time,

the instructional
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FOCUS O THE
TESTING PrOGRAM

Student

“Group™
(Classroom,

" ethnic, SES

cultural: or
geographical
groups)

“Program”
(A program
may be used

Figure 1. Purposes for Criterion Referenced Tests

PLANNING

Diagnosis. Prediction,
and Placement

Classroom management
Curriculum selection

Organization and
sequencing of instruc-
tion, Curriculum and

TYPE OF DECISION

CERTIFICATION

Determination of
“mastery.” grades. and
sticeess of placement

Tostructional and
administrative
accountability

Program Evaluation
Analysis of subject
matter domain

RESFARCH

Interactions between
the student. the
group, and the
program

Literactions between
group(s) and program,
¢.g.. do students

with certain charae-
teristics function
better than others in
a given situation?

Comparisions beiween

‘types of programs

Analysis of program

with one or

more groups)

OBJECTIVE

product development,
Needs Assessment

compunents
Development of 1ieasure-
ment methodology

Figure 2. Comparison ‘Iof General item Formats for the Sume Objective at Different Grade or Age Levels

The student will indicate by murking the appropriate choices on f attitude scale his/her appreciation of the importince of
mathematics in everyday life. ’

Format.

Sample
ftems

Comments.

FIRST GRADERS
The student is given a test booklet. Eachi page is a
different color and Kas a familiar symbol at the top of
the page. such as 4 rabbit. Each page also has the
words "Yes” and “No.” Directions are provided to
the student so that he/she understands to mark thy

‘choice that answers the question that.is read by th

teacher.

The teacher reads the following Kinds of direction]s
and questions: “Now turn to the red page with tlpe
rabbit at the top. ... Now I am going to read you the
next question. Do you have 1o know how to wark

with numbers to tell time?".... Now turn to fhe
yellow page with the duck at the top. ... ‘Do) ou
have to know how (o add and subtract numbers to
cateh a ball?. ... Now turn to the page withjthe
table at the top.. .. ‘Do you have to know hoy to

work with numbers (o buy something atf the
store?”. . .. and so forth.

Note that the child does not have to read the Jques-
tions. the questions are asked about him or ljerself
rather than some othier person. and-that the lajjguage
level and activities are within the students’ repgrtoire
of experiences.

L

TWELFTH GRADLERS
The student is given a set of statements and w scre2s of
choices ranging from “Strongly Agree™ to “'Strongly
Disagree.”” The student marks- the number of his
choice on a machine-scorable answer sheet,

The following kinds of items might appear on a scale

to measure the objective:

1. Persons who fill medical prescriptions need to use
mathematics {requently in their work.

2. Only a very small part of a carpenter’s job requires
him to use mathematics.

3. Htis more important for a bank teller 1o-make
friends easily than it is for him or her to make
arithmetic computations accurately.

4. In order to be a good plumber. one would Lave to
be able to do basic arithmetic computations with
fractions.

The statements are balanced with respect to being

positive or negative regarding the importance of

mathematics so as to reduce any irrelevant tendency
to agree or disigree. :

[¥%)
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Objectives Chosen

AS noted in the preface to this puper. one of the essential
features of CRTs is their foundgtion in clewly defined
cducational objectives. There ure. however. « number of
issiies associated With ltow these objectives shonld be
developed and stated. The essence of these issues may be
summarized by the question: “What kinds of objectives
shouid forn; the basis for a CRT sysiem?”

Almost all developers of CRTy agree that to assess per-
formance within a given arey requires the coustruction o a
set of CRTs rather than a single measure. The problem (hen
arises us to which objectives within an area should become
the basis for the CRTs and how broadly or narrowly these
objectives should be stated, that is, the extent of cach

“objective’s coverage. The statement of an cbjective may he
further delincated by defining the conditions under which

the measurements are made (e.g,. open vs. closed book.
with or without the aid of a sheet containing needed

formulas, and so forth) and/or (he standards of perform-.

ance to he ceached in order for the objective to be achieved
{e:g.. 80 percent correct " in Jess than 2 minutes.” and
so- forth) (Mager. 19020 Popham. 1965).
explicit assumptions ubout the relarive importance of the
objectives and the characteristics of the area 10 be assessed
(such as the logical and/or sequential organization of the
objectives in it) also influence decisions as to which objec-
tives should form the basis for a CRT system (Popham,
1972),

The resolution of ilic issues associated with choosing a set
of objectives usually hinges upon the anticipated purpose(s)
of the CRT system. Thus, there is a consideration of the
degree of precision needed relative to various practical
This balance is illustraied by the 10X
Criteria for Objective Selection (Popham. 1972) presented.
0 the Appendix.

Some of Illﬂ procedures that have been used to develop
the objectivey bases for CRTs systems are deseribed briefly

/
below: |
1

considerations.

I. Expert flklgmcnl A wmiall group of experts within the
area to be ;1\.\cs>cd meet and. op (he basis of their knowl-
edge and L\'pcricncc in the field, jointly decide which
objectives gre the most important (o incasure
tives ure lhu1 screencd 1o determine the feasibility of

measuring them and. where necessary. to clarify and/or
ledelmc‘ Jthemi. This is probably the most common
approagh.

2. Consensus Judgment. Varjous groups such as com-
munity . representatives. curriculum experts. teachers, and
suhool) administrators decide which objectives they consider
to be the most important. A measurement and/or cur-
mulum expert is then responsible for defining and stating
these! objectives in a4 way lhut would permit them to be
assessed (Klein, 1972: Wilson, 1973).

’

Implicit or

. These objec-

o Change the mode of pmcnt‘mon {c.g..

LoCuomculim Analvsisg A reany of

afialyzes wogiven el ol e

curricatum [SANRTLPRAN
alum rarerias sach as e
hooks i order to identfyv, and where necessny inter. the
ohjectives that are the focus of these materials {Baker, R L

1972). ;

4. Analysis of the Area to be Tested. An in-depth ;mul_\:'(i‘(
is made of an arca such as mathematics in order to-idendiy
all contents (such as single-digit numerals) and behaviors
(such as multiplication with replacement) that are included
in that area (Glaxer & Nitko. 19717 Nitko, 1973). The
objectives associated with these contents and behaviors are
then organized in some systematic fashion. such as in terms
of a hicrarchy and/or sequence of objectives for the
componentts of the subject area (in mathematics usually
referred to as “strands™} (Nitko. 1971: Roudabush, 1971;
Popham. 1972).

Item Construction and Selection

Once the puipose(s) und the objectives for the CRT system
have been delincated. the next step is to construct and/or
select test ttems or tasks to measure the objectives chosen.
This is one of the most difficult steps in the total devélop-
mental process because of the vast number of test items or
tasks that might be constructed for any given objective,
cven those that are relatively narrowly defined. For
example, consider the following objective: “The student
cant compute the correet product of two single digit
numierals greater than 0 where the maximum value of this
product does not exceed 20.7" The spevificity of this objec-
tive is quite deceptive since there are 29 pairs of numerals
that meet this reguirement’and at least 10 different item
types that might ba used to assess student petformunce (see
Figure 3). Further .cllxh of the resulting 290 combinations
of pairs and item types could be nm(lmcd in a variety of
ways that might imluence
thent correctly. Some of these modificuations are:

s

whether the \lurlunl answered

o Vary the sequence of numerals (e.g.. 5 then 3 versus 3
thest 5). ‘

o Use ditferent item formats (e.g.,
completion).

multiple choice versus

written versus
orul}).

e Change the mode of response (e.g.. wiitten versus oral).

It soon becomes evident that even a highly specific objec-
tive could have a potential item pool of well over several
thousand items (Hively, 1970, 1973 Bormuth, 1970).

The number of items to construct for each objective is
influenced by several tactors. Some of these factors are the
amount of testing time available and the cost of niaking an



Figure 3. Item types using the content of numerals 3 and 5 for the objective

The student can compute the correct prodect of two single digit numerals greater than 0 where the muximum value of this

product does not exceed 20, -

q

a4, =x3

h. Sx3= B

e Stimes 3=

interpretation crror. such as suying that o student has
achieved mastery when he has not. A suivey of current
measures reveals that the usual pracrice is to use about
three 1o five items per objective. This pruviice appeurs to
stem more from leasibility constraints than any sound
foundation in psychometric theory or technglogy.

The particular item constraction and selection approuch
or combination ol approaches chosen to dekine o CRT
program is a major consideration. Oune reasortor this is thiat
the methods used have @ direct bearipg’or the utility and

content validity of the CRTs develeped and the interpreta-
tion of their scores. For examp
objedtives and if a CRT is
given Tevel of* generality

be based oa an objective at a
in this hierarchy . then it is likely
that the items used”will be sampled from the relevans
sibobjectives. U
organization of” objectives. such systemalic “saumpling is
tmpossible, When this latter situation vecurs, one has much
less confidence-that the measure(s) developed really ussess

éss there is a specified hierarchy oy an

fast construct items for those aspects ol an objective that
are most wmenable to measurcment rather than those
agpects that might be .considercd most germane or critical.
On the other land. it also seems likely that responsible test
developers working without an overall plan are more likely
to focus their zttention on the most salient {and perhaps
most frequently taught) ftacets of an objeciive than on
those aspects that may be just tangential to what o student
must really know or be able to do. Thus. the best
compromise betweéen systematic sampling (and thereby
improved content validity) and. potential instructional

relevance is to f(irst develop a provisional systematic plan’

and then assign items to some or all the components of this
plan based upon their perceived relative importance. This
latter approach is the one most frequently adopted by
major test publishers (Wood, 1961).

A related issuc in construction and selection of CRT
items 18 the degree to which the items should be sampled
with respect to their relative difficubty within an objective.
[t is a well known and frequently used principle of test

o ’
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¢, if there is a-hicrarchy of

“likely to reflect a student’s gencral ability. Thus, un
“instructionally biused test might be preferred for such

The product ol Sand 3 = s /
oSN =13

o= und y=3, what is the value of xy?

L What numeral multipled by 3 will equal 157

i. John has 3 apples. Sally has 3 times as many apples us
] : I Y )

John, How muny apples does Sally have?

construction that slight-changes in an iteny can gffect its
difficutty. This is most readily secomplished by varying the
homogeneity of the alternatives in a multiple choice item.
such as i the two examples below:

T
Eight hundreths equr = Eight hundredihs equals -
a. 800 .
b. 80 -
. 8 ¢. 08
d. .08 d. .008

The extent to which ihe iteins within an objective are
simpled with respect to difticulny has. of course, a direct \
bearing on the interpretation of 1he sceres obtained. In : S
other-wards, it only the most difficult items are used. then
the phr:l.x:_'c“‘mus[cry of the objective™ has o very different
meaning than if the items were sanfpled over the fuil range
of difficulties. The fuct thut the difticulties of items on
CRTs {and thus their scores) can be intfluenced so casily
poses real problems to CRT users, To blindly assume that
the scores obtained indicate an accurate appraisal of the
degree of mastery achicved, merely because o meusure is ©
called u “CRT™ is an exercise in self-deception.
A third consideration influencing the construction and
selection of items i$ the degree to which an item s
dependent upon or related to g particular set of curriculum

-or institutional materidls and technignes (Buker, R 1972,
‘Skuger. 1973}, For example, {f the instruttion only gave

stodents practice in solving multiplication problems in the
form used in item types a-¢ in Figure 3, and if the CRT fo;
this unit only used these samie item types. then the CRT
would be said to be “‘instructionally dependent.” or biased.
It is readily apparent that the more instructionully
dependent the CRT. the maore likely the effects of instrue-
tion would be evidenced in the scores obtained with it und
the less generality one could draw from these scores.”
regarding the student’s mastery of the objective. On the
other hand, instrueti mally independent tests are mord

—

purposes as leacher aceountability., while an instructionally

i .5;' ﬁ
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independent test might be preferred for school account-
ability and Tor evaluation studies comparing the eftects of
different programs.

A fourth issue. and one which has perhaps not received s
much” attention as it should. is the potential interaction
between the objective and how™it is measured. [t is often
assumed. for example, that scelected response items (o.g.,
multiple chioice) serve as an effective proxy for constructed
response items (e.g., completion or she- answer) because
the performunce of students on the i+ inds of items are
highly related. Although this may be _ -
not be true for certain kinds of objectives; and further. the
degree of muasterys required 10 answer 4 constructed
response itern is usually greater than it {s to answer the
selected response item. The relutive scorcability ol the
latter format. however, has led to its use almost exclusively
in published measures. including CRTs. it should be
recalled that anything affecting item difficulty on s CRT
will influence the total séore on it and 1hcréby the interpre-
tation ol that score.

The foregoing considerations have led to a number of
different methoeds of sefecting and constructing ttems for
CRTs. The generyl features of these methods are described
Erelow, but it should be remembered that each of these
approaches begins with or involves the development of
well-delined statements of the educationul objective(s) to
he measured.

I. Punel of Experts. A group of measurement and cur-
riculum “experts™ decide which items to use based on
their knowledge and experience™of the field (Zweig.
1973). When the experts involved are classroom
teachers, . this approach may lead to highly instruc-
tionally dependent measures.

2. Systematic Sunipling. This approach is basically a varia-
tion of the classical test construction technique. It
involves developing for each objective a matrix of
contents and bhehaviors (or tusks) 1o be assessed. ltems
are then systematically sumpled within this matrix and
perhaps along a third continuum of item difficulty us
well (Wilson, 1973; CTB/McGraw-Hill, 1973).

3. Systematic Ttem Generation. This is the most sophisti-

cated of the various approaches and starts with the

assumption that all the relevant contents, behaviors (or

tasks), stimulus and response characteristics. and related

factors can be defined for 4 given dontain or universe of

objectives (Hively, 1970, 1973: Cronbach, 1971 Skager,
1973). Basic item forms or “shells” are then con-
structed. Various techniques can then be used to
generate the necessary items, including the use of a
computer (espeually in the field of -mathematics) to
meet -certain~frespecified criteria for coverage of the
objectives (Kriewall'& Hirsch, 1969). '

aie o
~r
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crally true, it may |

[t is evident from these descriptions that as the sophisti-
cation of the method improves, generality of the results and
the costs of test construetion tend to increase. Further, the
particular method chosen wi'l be influenced by the nature
of the etforts that have been devoted to the generation of
the objectives on which the CRTs are based and the
purposes for which they will be used. Cinally. the degiee of
sophistication muay be limited still further by the clarity of
the "domain to be assessed. such as mathematics versus
“citizenship™ und the measurenient technology available for
canstructing micasutes in that domain {e.g.. academic
achievement versus personality development).

[n{proving 1(ém_Quulity

Tis @ matie that all tests and measures be ficld tested

prior te basing decisions upon them. Although it appears
that this axiom is often ignored. there are a number of
methods that huve been suggested for cnalyzing CRT items
in order to identify those that are “faulty.” It should be
noted, however, that an item that is considered “faulty” or
“good” using on¢ ethod of “ahalysis may not be identificd
as such using another method (Popham & Husek, 1969).
This is illustrated in Table 1. Lt is apparent, therelore. that
the final version of a test may be influenced greatly by the
method of item anulysis chosen tor its construction (Cox &
Vargus, 1966: Roudabush. 1973).

. Table I. Results of Different.Item Analyses

ltum Dif 1 ic ul Possible point Possible

Htem © " biserial r with sensitivity
Nuo. " Pretest  Posttest T seOre on test W instruction
; — AL Rl
1 //' 0% 100%: 0] High
L ;
2 50%. 509 [.00 Low

i

There are two busic concepts nnderlying the item unalysis -
lech’n_ﬂques associated with CRTs and at leust one ol these
constructs is present in each aralysis method. These two
conélruct*z are gs follows:

1. An item is considered g,ood it"it is sersitive to instruc-
tlon that is, if pcrtornmmc on itisrelated to the degree of
mstruulon obtained. The methods that rely heavily en this
construct are usually used when there is litile or no varia-
tion in student scorest @t any one testing. There are
problems with such methods. however: they assume that
the instruction was mdecd effective; they tend to produce
instructionaily dcpendcnt measures; and they are biased by
maturation and other irrclevant systematic factors that
might terid_ to improve scores over time. Further, the use of
a -technique c-c'mpliasizing sensitivity could easily lead to
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some rather interesting ¢t jeasoning it one tried o
improve the test ad areiesirictionad program at the same

tinie.

2OAN item ds considered Teood T iU discriminates beiween
those who did well versus those who did [1\'0!"_\' on the test
criterion. such o per-

as o whole or some Touiside’
formance in the next step in sequentee of instruction. This
involves all the classical item anglvsis approaches and s
such one must aecept all the assmmptions. advantages. and
disadvantages  that are normally  associated  with * these

techniaues (especially item and test varianee).”

Fhe kinds of analvsis methods and their variagions that

liave been suggested are Iisted below:

L. Comparison Group. Give the test to two groups who are
Linown to possess different degrees of skill with respect 1o
the objective(s) measured. One way of doing this is 1o give
the test 1o those who have versus those who have nog
received instruction dealing with the objective. A second
method is te give the tesi 1o those whose normalactivities
yequire different fevels of attainment of the skitl measuied
{¢.g.. carpenter versus duto mechanic for an objective
dealing wiith computing the size of various geometric
objects). The next basic step is to identify those items thay
discriminate best between the groups in the desived diree-
ticn (that is. the presumably more able should do better). 1t
is important for the purposes of CRT interpretation that if
two separate groups are involved. they have the same
general intellectual ability or other characteristics that
might hias the test results.

2. Single Group, Pre- and Postiest. Give the test to the same
group twice, once hefore instruction and again alter instrue-
tion. Tdentify those items that discriminate betwren the
fwo test sessions. A number of jtem analysis techniques
designed  specifically for CRTs have used this approach
Popham. 1970: Ozctine, 1971 Kosecof” & Klein, 1073:

Roudabush, 1973). P

- 3. Single Group, Posttest Oniy, Give the test to one group

of individuals after a fixed period pf instruction. that is. all
examinees have had the same gmount of opportunity (o
achieve the objective. I the time allotted it somewhag less
than that needed for all the students to achieve the ohjec-
tive and the students are sontewhat heterogeneous in their
ability as is common in most classrooms. then the typical
itein analysis procedures such as computing point biserial
correlation coetTicients may be employed to identify faulty
iteins. An internal criterion ((otal score on fest) or an
external criterion (success in :xcln-:\-'il}g--ﬂ"'iii(}'lf‘-u__d\';n:ccd

kil muy‘ he used (Glaser. 1963).-One weakness™in this

approach is that items having very high or low ditficulties
I tend to have low biserial coefficients even though they
may be sensitive 10 histruction. Anoextreme case
would be an item that would he fyiled by everyote prior 1o

instruction but passed by everyone after instruction. A

very

. presenting  the

second weakness i that general inielectual ability as welt oy
the effects of instruction mav aitluence the resulis and
there is no way of cleanly separating these imfiuences.

4. Single Group, Repeated Measures. Each student” penod-
fcally takes the complete test until he s able 10 achieve
dustery. A record iy kept of the nmber of times the
student passes and fails each item. Amalysis is then made 1o
determine whether the item generally exhibits the desired
pattern of failure then success (with no reversaly). ie.. a
desired pattern would he FEPP and an undesirable pattern
would be -PEFFP. This approach ix only applicable where
there are no carry-over effects from test session 1o test
session or where truly parallel items may be constructed for
cach test session and then systematically counterbalanced
across sessions and examinees. The advantages of this
approactt are that it permits relevant scaling of an item
within an objective and the analvsis is made atter all
students have become “masters.”™ The labor involved in this
approach and the ikelihood of finding items that scale well.
however, have not contributed to this method’s popularity.

One issue that is related to item analysis procedures and
thut scems to be neglected with respect to CRTs is the
provtem of keowing whether the final set of items provides
adeguiite coverage of the objective. In other words, how
many itoms are really needed to sample sutficiently a given

obiective? Further, a procedure is needed for determining

seetlier some of the items are redundant. Although these
Loids of dssues have been examined in part with the more
traditional Kinds of tests. the unique demmds of CRTs will
correspondingly require new ways of dealing with this
gencral problen of knowing when one has appropriate and

efficient coverage.

Content Validity

A major concern of CRT developers is in establishing the
content validity of their instrmnents. The three most
common ways that have been used to do this are as follows:

I Systematic Test Development. This approach involves
rationale  for the systematic  prosedure
employed in terms of why it should result in a content valid

test (Hively, 1070, 1973).

2. Expert Judgment. Content experts are given a variety of

“objectives and the items used to measure them. They are

then asked to assign the items to their “appropriate™ objec-
tive. The degree to which they are able to do this accurately
reflects on item-objective consistency  and. thereby on
content validity: that is. is a given itenm reahy measuring the
¢ pjective for which it has been constructed? (Dahl, 1971).
A Ttem Analysis, Tt is possible 1o compute internal con-
sistency indices for a CRT awd/or see whether an item on
given objective correlates more highly with other items for

—— ——
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. test are not parallel. e
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this objective than it dees with jtems on other objectives.

" These approaches are limited by all the dangzrs of internal

validution plus the  potential

consisteney
problent of no variance on the measures (that is. the st
dents all receive the same score). The Jatter problen,
however, usually appears to be more theoretical than

technigues

actual, because students do_vary in their performance. This
variation may be due o a number of factors including the
students’ general intellectual ability. cuttural and environ-
mental backgrounds, aud the quality of instruction they
receive. 1 enough students are tested. then one will dis-
cover sufficient variance in the levels of performince and;or
in the time it takes to achisve a given level, Reports of “no
variance™ usually stem frem failure to sample enough stu-
dents andfor from the failure to examine the rave at which
students master items and opjectives. Thus, although one
might conceive of & situation in which no variance might
occur in a given classroom, it is hard to imagine how this
might arise across @ variety of classrooms - nnless. of course,
the test was totully iappropriate for the full rahge of
examninees for whom it wus constructed. The real prablem,
therefore, is not in finding variance but in identifying just
that portion of the variance that is due to the student’s
degree of mastery of the particular objective on which the
CRT is bused rather than variance due io some extrancous
influence, A

Item and Test Bias

“Tem bias™ may be defined us a group by item inte-
action: that is. the profiles of performance of different
groups (suich as mal - versus femalesdacooss all items in the
i defined as o growp by
test interaction: th . groups do pot have the same shaped
oss the varions tests being -considered
cary & Hilton, 1908). Little attesttion has
been paid to CRTs with respect to these Kinds of biuses,
although they have become important topics within the
general meastrement field.

It should be noted. however, that the identification of g
test or set of tests as being “biased™ with respect to certain

profile of score

groups does not necessarily mean that the meastres should
be revised, The reason for this is (hat such “*bias™ may only
mean that the educational and cultural experiences of the
groups taking the tests are systematically different and the
basis for these differences und how to deal with them
should be examined. It is entirely likely. for example. for 4
test 1o appear biased simply because it draws more on the

- vocabulary from certain texts than it does from others. and

the use of the more test-dependent texts is not random in
the population of examinees. Wider use of the more
dependent texts would, therefore, remove the supposed
“bias™ in the test: changing the test to he more representa-
tive of the texts used would also achieve e sume result.

8
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Test Scores

As noted o the prefice 1o this paper, one of the o
essential teatures of a0 CRT is that an individual’s or u
group’s scare o it s interpreted in terms of the level of
performunce obtained with respect o the achievement ot
the objertive(s) on which the CRT is based. This tyvpe of
score  reporting is contrasted to the norm referended
approach in whiclt a student’s or a group’s scere is inter-
preted with respect to the performance of othier individuals
or groups {Popham & Husek, 1909). The primary advantage
of the CRT approuch is. therefore, its ability to provide o
nreans for describing what the student (or group) can do or
what it knows or how it feels without having to consider
the skills. knowledge. or attitudes of others.

There is some question, however, as to whether a CRT
can really do this (Klein, 1970 Davis, 19712 Ebel, 1972).
For example. it parents are told that their child has
mastered a given objective or set of objectives, their first
question is “Is this performance satisfuctory?™ In other
words, they are asking whether. the child is progressing
sutisfactorily and the only frame of reference one can give
in this sitwation is the rate of-progress of other students.
The fact that such a normative frame of reterence can casily
be provided ulso points out that one can muake norm
referenced interpretations of CRT scores, The distinctive
feanire of a CRT score must, theretore, fie in its emphasis
on deseribing the absolute rather than the relative level of
performance with respect to an objective or skill. Beeause
of this emphasis. different kinds of scores are generally
reported for CRTs than for norm referenced nieuasures,
Some of the ditferent Kinds of scores that can be reported
for CRTs that reflect emphasis on objectives are listed
below:

1. The number ur percent carrect on a given objective or set
of items thunt encompuass a few highly related objectives.

2 "Mastery™ of u given objective or set of items where
“mastery” iy defiaed in terms of 4 certain devel of per
lformance sugh us 90 pereent correet,

3. The time it takes (such as in class hours or calendar days)
for an inadividual to achieve a given performance level
{including what has been defined as “‘naastery”™ (Harris,
1973). ;

4. The time (in minutes or hours) it takes a student 1o
perform a certain task or set of tasks related to an ohjective
(such as correctly computing the product ol all single digit
nunerals).

5. The probability that the student is ready to begin the
next level of instruction (this may he based on both the
number of items correct and the pattern of unswers given to
these items). : )

6. The percentage of students who ““pass™ cach item: that



is. the ttem's difficubiv, This Riud of seore is used exctu-
sivelym program evaluation where, cach irem o task s
considered finportanin in itselt,

O all the seores Iisted above the ones that have been the
focus of most discussion are those that imply tha the soe

()’.’:

dent has achieved “masteny ” (Millnwn, | S The reason
foi this attention is that while sich o score comes closest to
the underlving spirit o 0 CRT L there s rarely i good way of
defining exaetlv what is meant by “mastery.” Arbitron
definitions, such as 85 percent correct, are rampant: hul
there is rarely any sutistuctory criterion for setting sueh
standards of performance. Further, o mastery score often
hides the mue level of student perfornimee. b other words,
it the student failed to achieve mastery did he miss by g

tintle or miss by great deads ov i he made it

<

did he just
squeak by? Finallv. the problems inherent v the con-
straction of items for a CRT and especindly those dealing

with the defining of the acceptable item types, item selec-

separite ORT for cuchy one o more off the Tollowing

techniques are tsed:

Lo Combine objectves thatare considered highly elated 1o
one another into a single measare. '

20 Select a group of abjectives frons the fotal pool of cojec-
tives based onaser o approprivre criteria (such as these

presented in the Appendixy.

S0 Limit the scope of cach obicctive o as 1o reduce the
potential number of items and or tasks that might be
needed o meusore it

Al ot these technigues doo o course, require the use of
experts in the tields of measurement and curriculum i
order roomake sound compromises from both content and
inethodologieal points of view,

The methods of -packaging and distributing CRTs e
quite varied. One ot

the potentially -1 st tunctional

teclmiques involves printing tests on spirit masters so thae

cuch teacher can duplicate the copres needed Tor a given 4
1. ‘\1/
fes

tian procedures, and item difticudty severely it the inter:
pretation of what is meant by “mastery.”

E

by the
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Packaging and Other Considerations

How o CRT s finally puv wegether and packaged is again g
tunction of the purpesets) Yor which it will be used relative
to the various Kinds of constraints imposed on jts develops
ment and use. When there is aovast iimnber ot olijectives 1o

he assessed amd it ix not considered reasonable to develop g

class withour having to purchase furge numbers o
hooklets. A second innovation thut appears 1o have promise
is referencing the objective and even the test item o
specific instractional mateviads, T ong such case, the test
form was printed inosuceh o winv that the teacher was 1old
immediately whether the student passed the iem. and in
the event ol a Tailure s mwnual then directed teachers 1o
materials for additional instruetron,

. L .
PRESENT EFFORTS IN CRITERION REFERENCED TESTING

This section of the paper stuumarizes the tesadts of o survey
conducted o assess curtent efforts in eriterion referenced
testing. All information is hased on dath provided directly
projects themselves or through assocwted technical
repoerts. journal articles, and interviews,

Altheugh special emphasis wias given to criterion refer-
enced mcasures in mathematics, related  developmental
efforts in other content areas were also reviewed. The list of
projects reported here is not exhaustive® but can be viewed
as representitive ol the general stute of the art in aiiterion
elerenced testing.

FFive defining  characteristics ol critesion
testing programs Tive been identitied. They include pro-
4

aramy focus, instructional dependence. * objective and item

aencration, test modeds and packaging. und test scores. tach

e projects eported mothis section are those that responded 1o
aut sutvey. Projects were selected for the survey on the basis of an
evtensive TRIC seurch and penvral knowledge of the fickd e ean be
expected. therelfore, it some CR Testing efforts may lave been
averloched or that some pragrums did nat respond.
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refereneed

of these churacteristics has olrcady been discussed in thae

first section ol this paper. however. some Turther explanu-

tion regarding  the scule used o the  istroctional

dependence category is needed.

California Test Bureau - McGraw-Hill (CTB)

Prescriptive Mathematies Tnventory (PMI)

Focus. CTB s interested in the construction of CRT prow
arams Tor clsstoom management. In particular the PMT was

“designed o mcasure 331 objectives representing the mathe-

matics curriculum nominally taaght in grades four through
cight,

A dichoremons esification i used o doseribe w o cntterion
referenced progrant’s dewree of mstructional bius, Progranis wil
farze degree of instroctional dependence develop rest items that are
dependent on g particular currictlum or set of instructional nwete-
rials and techniques. Programs with o small degree of instructionad
dependence, vn the other hand, construet test items that are not.
Seoandent oon o the specitic sKills o content of aninsiructional
pree .
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Instractional Dependency: Small. Neither the objectives
nar the test items refleet any instruetional bias.

Objeciive
approach™

and  Item Generation,
objectives were culled from the text materials
most widely used in schools, collated from each source into
a single tist, classified into broader objectives classifications,
and analyzed with respect to content and a hierarchical
slmcturc;

Using a consensus

ltems wese then developed to measure these
objectives. (Note: On the PMI only one item is used to
assess cach objective.)

Test Madel and ]’ac"vkugmg. The PMI s divided into four
levels based on the objectives most commonly taught in
grades 4 and S, 5 and 6. 6 and 7. and 7 and 8. The test
items sample various levels of dllluuh} in cach of the
conlent categories represented. In n\pondm“ to the PML,
the student records his answers on unique, item spevilic
machine-scoreable  answer grids  specially  desigued  to
climinate guessing.

In addition to the actual PMI test. CTB/MeGraw-1ill
offers the following support muaterials and services:

e Complete scoring and reporting services (that provide
information “on  objectives mastered and not
mastered)

vet

e tice ow e - . 3
o Practice exervise booklets, an examiner’s manal and
class information sheet (to identily the class and tests)

» An Individual Diagnostic Matrix (reporting the xludcnl S,

score on eachy objective)

« A Class Diagnostic Matrix (rtPUY““E average class scores
on caeh obijective)

» An Individual Study Guide (that references pages in

texts where material can be found for ovjectives which
the student did not muster)

« A Class Grouping Report (that lists students :xccordfﬁgf'

to their defiviencies in major content arcas)

Test Scores. Becanse one item is used te measure each
behavior, the mastery criterion for cach objective is that the
student correetly solve 1«\c associated item {(Roudabush,
1971). Test spores are then reported in terms of mastery or
non-mastery for each objective.

Four different types of reports are available for reporting
test scores: two individual reports for each student. and
two reports for the class. The Individual Diagnostic Matrix

shows a profile of the student’s mastery or nou-mastery of’.

the objectives. The Individual Study Guide gives page
references for a selected texthook covering those vbjectives
not yet mastered by the student. The Class Diagnostic
Matrix summarizes test results for the whole cluss in terms
of the percentage of students mastering cach objective. And

finally. the Class Grouping Report indicates how students

10
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fall into achievement groups within the  thematios cu-
riculm and pm\'id;‘\‘ puge teferences to the texibook be
used in the classroem for muaterials covering objectives i,
were hcqucml\ missed.

Additional intormation available from:

CTB/McGraw-Hill
Del Monte Research Park
Morterey. Californiy 93940

Comprehensive Achievement Monitoring (CAM)

multi-
gronp.

Focus. CAM is designed as a computer-assiste. .
purpose system useful at” individual,
district, or state lfevels.,

" The CAM model is based on two aturi™
time series design (testing at frequen

be varied to meet the financial Himita
needs of the user, and (2) a proceduie
and items which botli introduces e
imcreases the conprehensiveness

evaluation

ttes: {1y atlexible
which can

G imPonmation
apiing students

. mito tesung and
S0 samples avail-
able from cach testing session.
At present, the New York St
has installed CAM o1 modiii.

Scpartment of Edueation
1s of CAM in five school

_districts. Although prograr o mostly involved math

they are currently being ex ~d to science and reading.
Instructional Dependeney: Large. CAM is constructed to be
most effective when 1hg items relate directly 1o course
objectives. .

JObjective and [tem Generation. Curricula are defined by
Dhehavioral

cbjectives which are systematically coded for

casy identification, retsieval. and grouping. and by one or
more classifications. This process is typically carried out hy

poterttial system users (that is. teacher groups).

“behavioral

of course content requires that the user (1)

Wit respect to objectives specification, a
aralysis”
prepare o topical course outline, (2) specify the generul
course  objectives  derived from  the content (in non-
behavioral terms), (3) specify the terminal course objectives
(in behavioral termis). and (4) specify enubling objectives (in
behavioral terms).-Objectives are then o ganized into classi-
fications. typically utilizing Ammerman and Melching’s
(1960) classification system for the speeificity of instrue-
tional objectives by their relationship o terminal student
performance.

ltems zre developed by system users (teachers) directly
from objectives and are then judged (typically by the item
writers themselves) for thejr consistescy with the objec-
tives. Considerations of error from guessing. case of scoring,
criterion referenced versus norm referenced test interpreta-
tions. and general item writing skills (that is. “the item stem
must be worded to require specific respons:™) guig:lc item
construction activitics. :
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Test Model and Packaging. The [\plL.I] set of CAM tosts s
constiucted around the stated objectives of the course-or
program to he evaluated.-Ohjectives, items. and test torms
are typically generated by system users in accordance with
instructions provided in a user's manual. ¢
Generally. w>pool of items is constructed with approxi-
mately 4 1o 10 samiples per objective. Through randon,
stratified sumpling items are assigned 1< st forms creating
paraflel test forms or monitors, Students receive the tes
forms in a random order ut fixed testing intervals (Deter-
mined by the user’s information needs). Each test form
contains a fixed numbei of items representing objectives

. .. . ~ ’
whici are taught between test administrations. Test forms

are usually short,
testing time.

requiring from 10 to 30 minutes of

Test Scores, Through sampling of test items and testing at
frequent intervals, CAM generates ;50r1’0rnnlnc€ data on all
course objectives in relation to three phases of time: before
instruction, immediately after instruction. and retention
over long periods of time.

After cach test udministration each student reccives 4
report listing the correct and incorrect responses to every
item as well as total scores on current and previous tests.
Group data are also provided in thd form of percent
achieverment by designated objectives for cach testadmin-
istration, Finatly. achievement profiles which graphically
display the level of “achievement (in terms of percent
correct test scores) for all previous and current tests on
selected objectives are available quarterly.

Additioral information available irom:

Robert O'Reilly

Chief, Bureau of School & Cultural Research
University of the State of New Yor.\

State Education DLPJI“HLH[

Albuny New York 12224

William (}orflh -
School of Edueation
'Umvcrsnly of Massachuseits
Ambersi. Massachuseits 01002

Individualized Criterion Referenced Testing (ICRT)

Focus. TCRT offers criterion referenced testing programs
emphasizing individual student achievement and providing
two  basic kinds of information: first, the
knowledge and skills which the student has leamed. and
second. the specific knowlulgu and skills which are the next
instructional steps to be mastered. At present such testing
programs - are availuble in reading and mathematics: the
following comments will focus primarily on the mathe-
matics system.

Instructional Dependencey: Large, The basis for the crite-

specific

rion referenced iests is o set of specified instructional objec-
tives which deseribe the Continuous Progress Taboratory .
Math program,

Ohjective and tem Generation: Instructional” objectives
referenced to the Continuous Progress Laboratory s math
curricubum are arranged from
most difficult, forming an instructional continutmm, From
this instructional continuum those objectives commion to
most curricula and expected ol most student
as testing objectives. These selected objectives, arranged
with respects to item difficulty, constifute o testing
continuum. The testing continuum is then used as 4 busis
for item and test generation.

the anost elementary 1o the

sare selected

Test dModels and Packaging: 1CRT provides test Kits tor
each grade level 1-8. Eacl: tost kit as sufficient tests for i
average class, a Teacher's Manual. a scoring template and an
orientation Kit, In addition. cach kit (with the exception of
level 1) contains multipic copies of the grade level test
booklets as well as multiple copies of booklets for up to
two levels below the indicated grade level of the kit. -
Tests are designed to be self-administered or administered

“with tzacher guidance. All the tests are power tests with no

implied time limit. Each.test has approximately 16 items (2

Jitems per chiective), The student records his responses to

the test items on_computer cards. Directions for test scoring
are included in the teacher’s guide. |

Four kinds of score reports are available: a District Sum-
mary. u Building Sununary. a Class Summary. and
Student Summary, The Student Sumnmry puwxdu we-
scriptive instructional resources,

Test Scores: Students’ scores on each abjective are reported
to District. Building, and Class Summaries: students’ scores
are reported in ferms.of Low many stadents are at various
working levels (a student’s approximate working level

determined hy the first test booklet in which he o: she

missed 3 or more objectives). The Student Summary is
intended as a prescriptive instrument. indicating which
objectives have heen mastered. which require review, and
which should be learned next. In addition. prescriptive
instructional resources are suggested ror ohjectives wlich
the student needs o 1eview or learn. Thesc prescriptive
guides are referenced to the Continuous Progress Lubora-
tory Math Program. the supplementary drill tapes, and
three additional curricula selected by the user.
Additional information available from:

Louis Miller. Vice President
Educational Progress Corporation
3000 Sand Hili Road

Menlo Park. California 94025

Charles Carlson _
Educational Progress Corporation
4900 South Lewis Avenue

Tulsa, Cklahoma 74105



ERIC

Aruitoxt provided by Eic:

- The decision

Instructional Objectives Exchange (10X}
Foca. A uiterion referenced  test vrogram has been
developed to complement the TOX objectives u)’!ulmns
to develop these  objectives based  Losts

represents un effort to provide readily usable support mate-

sials to assess individual student progress and 1o Tacili'; e

classroom management.

Instrictional Dependency: Smadll
booklets nor the criterion referenced tests are based on any
particular curriculum or instructional program.

Neither the thuuvu

Objective and Item Generation. Within cach subjecr area
objectives are defined in terms of relevant 1opics and skills
at three levels of generality. Criteria {or sampling the most
general categories include importance of the arca, economy

f pl‘()(ﬁlu(ion imo lc%t's and pructicu‘ %corcu)iliw Scicc-
OI)JGUWB is thcn Omdcd by LOﬂ\ldeldllDH\ of (hnhh.l.\bﬂ\(\

oF ﬁencrdh/(\bﬂny within "2 content area. importance.

terminality (that is, the” hlthsl step-in « hicrarchy): trans..

{erability outside the area, ease in scoring, md amenability
to instruction.
Rooted in Wells Hively’s (1970, l‘)'i Y item form .m.xl\'%ls

expanded objectives (called amplified objectives) ure used

to define permissible stimulis and response options for
iteni generation. For cach objective only one type of test
item is used; the-associated item format is then carefully
delined by an amplified objective. - . -
Test Models and Packaging. 10X provides manuals listing
objectives, sets of eriterion referenced tests, and a user’s
guide or test.manual. In the area of clementary mathe-

malics, for.example, there are five independent sets of crite-

rion rele.emcd measures which cover the niné mdlhemdlm

strands” identified by the California State Department of
Education, For cach set- of tests a parallel setds available to

facilitute pre- and posttesting (that is. cach set of tests is
available in a form A and a form B which contain parallcl
tests).

Tests are distributed on one - page. preprinted spirit
masters which can be used by teachers to duplicate suf-
ficient copies for their students. The typical test is multiple
choice in formal. contains 510 10 items and requires about
30 minutes 1o complete. The-test manual provides a list of
objectives in that irea. sample t¢st items, complete instruc-

“lions for test adninistration. answer keys. and a guide for
classifying scoresin terms of achievernent levels (whether or

not the student attained mastery).

Test Scores. Although dircctions are provided in a user’s

_puide for classifying scores into mastery groups, 10X does

not provide forms for reporting scores or suggestions for
tabulating test scores, '

e ocuy.

Additional inl’nrmuli_on ;1\-';1i|'.|hlc_al'rum:

Instructional Gbjectives’ l“\\.h ange
Box 24095
L.os Angeles, Calilorniz 90024

MINNEMAST Curriculum Project - University of Minnesota

The MINNEMAST Project represents an experi-
merrfal effort to develop a coordinated and sequential
mathematics and science curricul for the clementary
As part o the evaluation of this project. a tech-
nology  for criterion
developed by Hively and his sssociates at the University of .

school.

referenced  test comstruction  wils

Minnesota. These tests were primarily intended to assess the

MINNEMAST Program itsel rather than individual stu-
denty” progress.
Instructional Dependencey: Small, Test items were geier-

ated. that rveflect the entire runge of skills und behaviors

' ussoa;iulcd with u giver ebjective.

Objective and [tem Generalion. Rc]w.ml Ic.nnu behaviors
and  skills associated with . given. conten! area were
orgenizéd {by the MINNEMAST staff} into classes ealled
Tearning domains. Tlie busic notion underlying this process
is - that important classes of content and skill would be
completely delined in terjns “of bchakully stated. struc-
tured sets or domuins. , o

Rules for generating,est items for a given learning
clomam are- organized ihto formal «chemes called item
forms. There are three major cemponents 1o an item form:
(1) instructions {directions given to students), {2) stimulus
chduglcnsuu tihe skills and behaviors an item can cover
and yules for constructing specific-kinds of items). and (3)

- respoise characteristics (acceptable way of responding. to-

an item. for L\Amplc writien or oral respunses).

Test Models and P, 1c£agmgr (It should be nolui that the |
MINNEMAST cfforts: reported here were field test active

(ities, and counseguently a {inal pdd\ s.mg mode was not

available). .

The MINNEMAST curriculum was (lmdcd into discrete
units. For each unit the teacher wus plovldcd with a hand-
pook con‘aining 4 sequence of lessons, general statuments
about goals,-explanatory background 'information, and lists

. of materials necded tor lessons,

Test. construction was computer-assisted and conducted
by .the MINNEMAST swff. A system of student-item
sampling was utilized to gather information on all test ilems
with -a minimum of tesling time.. To 1his end campulter
printout Tubels were generated for each student listing liis or
her, name, identitying data such as class and school. and the
ditems assigned to him or her. Whei all the items specified
1ron_1 dn item forin had been written=the computer printout
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fabels were attached to them und the items were then
collated into tests For the individual students.

Test  Scorcs. The principal  data derived  from the
MINNEMAST testing progriam were the proportion of cor-
rect  responses. Whenever possible, however. additional
information was reported concerning the kinds of corredl
and incorrect responses being made. ’

Although no set Tormat for reporting scores was stipu-
lated, data were usually  presented in tables showing
complete item-by-item listings of actual responses as well as
frequencies ol various categories of responses {for example.
frequencies for individual items. item forms or objectives.
and groups of objectives). Due to the absence of emipirical
evidence. desired levels of achievement were not established
in advance of testing.

Additional information available trom:

Wells Hively

Department of Psychology
University of Minnesota
Minneapolis. Minnesota 55453

National Assessment of Educational Progress (NAEP)

Focus. The purpose of NALP s the assessment of educa-

tional attainments on a national basis,

Instructionat Dependency: Small. Neither objectives nor

“items uare referenced to any curriculum text or instructional

program.

Objective and [tem Generation. NAEP defines its objectives
and the associated skills and behaviors (the “‘domain of
reference’”)
regarding the important goals and outcomes o1 education
with respect 1o g given subject areu.

Objectives developed by NAEP's Excercise Deveiopment
Departiment are reviewed by external subject matter experts
and layman groups. Following the development of objec-
tives. contracts are awarded for item generation. The

Hwough a national consensus  of  opinjon

amount ol items.developed for i given objective is based on

a weighting scheme determined by the subject matter
experts. A framework for 7item writing is provided by a
system of exercise prototypes that define four character-
istics of an item: (1) administrative mode (can the item bhe
administered individually or 1o a group). (2) stimulus mode
{audio, visual, und so en). (3) response mode {multiple
choice or free response): and (4) response category {(writ-
ten, verbal, role playing. and so on).

Test Models and Packaging. Tests are designed exclusively

“for measuring student achicvement on a national scale. The

number ‘of items for a given objective is determined by i
weighiting scale based on priorities identified by the subject
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matter experts. Tests are available at four age levels (v, 13,
17. and admlt), Two subject areas are currently being
assessed each vear with o five-vear reassessiment cvele,

(Mathematies is scheduled for the 72-73 school vear) Two

hundred and ten minutes of testing are aliotted annually 1o

cach subject at cacliage level,

Test Scores. Scores are generally reported as the percentage
of carrect responses by items and for various classes of
items. For example. items dealing with solving algebraic

equations might be compared with items on mathematical,

induction. In addition. scores are broken down in terms of
tyvpical performance by region, sex, SES. and so on.
Additional information available from:

National Assessment of Educational Progress
822 Lincolp Tower

1860 Lincoln Street

Denver, Colorado 80203

Southwest Regicnal Laboratory (SWRL)

Focus. SWRL is involved in the development of text-
referenced instructional managemient systesus that operate
in conjunction with a developed curriculum, At present
such a classroom nsanagement system in reading is available
at the kindergarten fevel and a math system is under devel-
apment. Criterion referenced tests have been incorporated
into this system to assess student progress.

{ustructional Dependency: Large. The SWRL program is
specifically based on a predefined curriculum: .. to be
minimally useful the (CR) test must be specifically
referenced to a prespacified structure of acnieveent. To
be maximally usetul the tests ntust be specifically refer-
enced to detined instructional materials” (Baker, R.L..
1972).

Ohjective and Item Generation. Hively's (1973) item form

Approach and related processes are utilized to ¢etineclasses

of behaviors and skills- associated with specific content
arcas. A vollection of item forms sequentially organized
together with a list of constraints on item generation pro-
vide the framework for defining total content areas in
behavioral terms (a “‘universe of content™), Strings of item
forms are then organized into  tentative sequences ol
“instructional specifications™ that map out the instruc-
tional and cvaluation efforts consistent with the item
forms.

Test Models and "Packaging. With respect to evaluation
activities each instructional management system provides:
» A means (vis- 1-vis testing) for student placement

e Criterion referenced measures on 3 to 8 instructional
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outcemes 10 to 13 times daring the vear. (Note: Thes
tests are constructed Tor specificinformation purposes

io assess student prog ess on objectives .memlcd to by g "

specitic curriculnm.) _ L

~

o Additional practice materials for the II]\IIllLllﬂHrll out- \

comes which have continuir: Ihmuuhnut the text \‘

SN o~

« A mid-year and end-ol- -year cvathun mumm

T~ - e

~

o A Quality Assurance System (a user’s mmu.x‘ pmndm“ S

directions and pacing information)

S~
Test Scores. The Qllulll} A\\Ul(lnLC Manual. phwdux fors
for reporting the mc.m\ standard deviatiore. and pcucm{
students  attaining LI'llLllOH perfornance.  Regression
analyses berween criterion scores.on final dnd

criterion referenced tests are dl\u 1cpolted based oi a lirge

student sample. .
Additional information J\Jll.lh|L lmm N

Southwest Regional Laboratary for
Educational Research and Dwuol)mcm

4065 Lampson Avenne ST e
Los Alamitos, Catifornia 90720

Svstem for Ob]eulves Based Assessment—'

Reading (SOBAR) ’

Center for the Study of Evaluation: UCLA

Focus. SOBI\R latlsx\allv constitutes an item b.mk inte-
grated into a selection/delivery system intended as a multi-
purpose evaluation procedurs appropriate at the individual.
group, or prugr;uﬁ Rv&l,_l)csigncd to serve as an exemplary
objectives based assessmenisystem. SOBAR includes u set
of performunce objectives covering the entire spectrum of a
content arca (in this case that of reading, grades K-F2). .

“Classification systenmt for selecting objectives, and a bank of

assessment items keyved to specific objectives,

Instructional Dependency: Small. SOBAR s seen as a lex-
ible. multipurpose test generation system that is not
dependent on a given instructionud progrant or information
need, e

Objective and s Generation. A set ol objectives was
developed by the SOBAR staft” (with the help of reading
experts) to cover the u)m\htc coiitent area ¢l lc.ldlnﬂ -
These objectives were then classitied inio- categories re-
flecting various skill areas and levels of generality. Upon
completion ol abjective specificition the SOBAR staff con-
structed items keved 1o the objectives; During item wiiting
special-attention  was given to the independence (non-
redundaneyhot ttems. objective item congruence. and the
comprehensivendss_of 1[c|ﬁnsf"Thc-v;_\:ch.l,_D"j_.\j referenced to
performance objectives: T

“ . .

14

ml(l ek, -

"o

;

Test Scores.,

e
70\1 Models ~apd lI« /\ug'mv Among the materals and
servicesprovided Tosssers SOBAR inclides:

\

- comprehensive caralogue of nearly: 300 objectives,

(These objectives cover wrades K12 and are divided into
siXCminjor sk”]‘ﬁl(L‘*‘Ul'iCx.)

N \
e A “ﬂl(l\, md se ulmn Jlnko aid the user in selecting

Objectives mpwplmu to local priorities

-s_ Computer gcncr;ll'.‘d reports of the outcome ol the

“abjective selection process
= —— —

o . Tests for cach SOBAR objective. These measures are
leveled by grede clusters: K-3,0 40, 790 and 10-12,
Depending onthe natue of the objective a test Tor an

“ndividual objective immecontain 5-20 test items.

-

inforrTtinn- m,u(l\ IICI 19 are selected tor tests according to

sstoconstruction is viewed interms of the user's specific

the test modd .|ppropxmlc for a given test situation. In

\.uldnmn tests can be assembled at different levels off ohjec-
"lmmlny,

AL present-SOBAR las not begun 1o field test
methods of score reporting and interpretation,

~ Additional information available from:

 SOBAR Project
Center for the Study of Evatuation
University of California
145 Moore Hall
Los Angeles. California 90024

~
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Zweig and Associates

Focus. Zweig offers a criterion referenced testing program
hased on behavioral objectives und indexed to prescriptions
for teaching alternatives,
designad for clussroom management within the context of
individualized instruction are available in reading and
mathematics. The Fountain Valley Teacher Support System
in mathematics was yeviewed for this paper. Conments are
fargely based on the Fountain Valley System.

At present such testing programs

Instructional  D_pendency: Smull, Objectives and items
cover the entiie spectrum of skills reflected in the nine

“mathematics strands for California,

Ohjective and ftem Generation. Objectives and items are
generated by teacher groups (follewed by a review trom
experts) and reflect skills in each of ‘the nine mathematicyd
strands developed by the Calitornia State Department of
Education. Strands ure measured at cuch grade level. K-8,
for which there is pertinent instruction. Typically 3 to S

items arerconstructed for cach objective.
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Test Models and Packaging. The Fountain Valley System
includes:

= 785 objectives organized by strand and grade level
» 1906 sell-scoring, sell-administering tests

« Continuous Pupil Progress Profiles to record individual
student achievement

»  Class ditto masters to document group performar e

e Teacher Manuals for cach grade level (that inchide a
listing of all'objectives at that level)

o Manuals of criterion referenced teaching alternatives

Al materials are color coded. Tape cassettes at each level
provide directions for test administration. Each test is
printed on o sealed form made of treated paper that
automatically records student’s responses on the reverse
side of the test sheet us the student takes the test. In addi-
tion, the side  indicates incorrect

reverse correct  or

‘responses by o number code which corresponds to the
-objective and strand being tested and provides a score inter-

O

pretation key to classify scores into “‘proceed’” and
“reteach™ categories. '

At cach grade level a Teaching Alternatives Manual docu-
ments (by number code) prescriptive activities (for skills
falling into the reteach category) listed by number code
under cach publisher’s name and series.

Test Scores. Student scores in cach skill for each of the nine
strands are recorded on a Continuous Pupil Progress Profile
(CPPP). The objectives for each strand are arranged on the
CPPP in a hierarchy of difficulty, grouped ty grade levels,
and designated by color and number codes. Objectives
measured by ecach test are then grouped between heavy
lines. Student scores uwre recorded on the CPPP as either
reteach-or proceed in accordance with scoring instructions
on the answer sheet. These instructions give the number of
incerrect answers that determine the classification for each
skill.
Additional information available from:
' Richard L. Zweig Associates, Inc.
20800 Beach Boulevard
Huntington Beach, California 9204%

Summary and Counclusions

This paper has attempted to outline the basic steps and
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procedures in the development of eriterion referenced tests
as well as the issnes and problems assoctated with these
activities. In addition, representative CRT svstems have
Jbeen reviewed. Fromi this analysis it is clear that the
developer of a CRT must answer a number ot guestions in
order to clarify- the natare and purpose of a CRT.

1. For what decision arcas und purposes is the CRT most
applicable? :

2. What areas and ohjectives does the CRT cover and how
were these objectives derived and organized?

3. How broadly or narrowly are the objectives defined?

4. How were the test items or tasks chosen to measure the
© objectives defined and developed?

5. How dependent are the items on particular instruc-
tional materials or programs? And what is their appli-
cability to different kinds of students?

6. What methods were used to improve the items on the

CRT and why were they chosen relative to the purpose .

of the instrument? :
7. How was the validity of the CRT established”?

8. What kinds of scores should be reported for a CRT and
what is the justification for these scores, especially.
those involving “mastery?”

9. Hew was the test finally put together, what compro-
mises had to be made, ard how were they resolved?

. In what ways

will pacnaging of the CRT facilitate its
use? : B

These questions will hopetully serve three functions. The
first is that they will guide CRT developers to the issues
that must be addressed in both the construetion proce
and in the manual that accompanies the final instrument.
The second purpose these questions may serve is to guide
rescarchery to those problems of major interest within the
field of criterion referenced testing. Einally, they will help
the purchasers of CRTs to understand better the kinds of
variables they must consider in order to make a wise selec-
tion of instruments and an appropriate interpretation of the
results obtained with them. Certainly the publication ol a
set of minimum standards for CRTs by an appropriate pro-
fessional- organization would go a long way toward ensuring
that these functions have been carried out successtully.

NS
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APPENDIX: 10X Criteria for Selecting Objectives*

The fellowing criteria should be applied in deciding on the
type of learner behavior which will serve as the specific
objective, thereafter to guide the test construction:

(1) Transferability Within Domain. The Yorm of learner
behavior selected should be the-most generalizable of those
represented in the content general domain, ie.. a learncr
mastering  the designated behavior requirements would
likely be able to transfer that tastery to most, it not all, of
the other eligible behavioral requirements in the content
general domain. '

In making such a selection it is important to consider the
entire range of learner behaviors with which we are con-
cerned, ie.. both test-like events and real world events, For
individual’s  mathematical
competence we should be attentive not onlv to the X, X5,
and Xz, which we can represent via standard test formats
but to the Xjq. Xy, and Xy, which might reflect such
skills as the ability to make change in a supermarket or to
complete one’s annual income tax report.

The test constructor should sketch out as wide a range ot

instance, in surveying an

alternatives as possible. then select the one testable learncer
behavior which will most readily transter to the other
learner behaviors delimited by the content general objec-
tive.

(2) Widelv Accepred. The objective selected should be the
most widely accepted us important by those in the field.
Unlike the TOX abjective collections where we present a
wide array of alteratives and then cfﬁ,;nurugc 2ducators (o
choose among them. here we wily l1;i\‘d"‘?‘(v-‘-go_u,,mlm. the

(4} Transterability Ouiside the Domain. Another consid-
eration in selecting a specitic objective~is the degree to
which that behavior, once mastered, will be transterable
outside the content general domain. for example. to
domains which might be learned by students in the future,
For instance, certain skills acquired by students in one
course {such as the ability to distinguish between tact and
opinion) may have reference to many other courses. Such
high transfer sKills and intellectual constructs should be
given high priority in the selection of specific objectives.
(5) Fase of Scorability. In an effort 10 produce tests which
have considerable practical utility, we must try to select
fearner behaviors which. other factors bemg equal, can be
casily scored by those.educators employing them. Again,
this does not limit us to selected response items. for in
some instances we shall surely find it necessary to utilize
constructed response formats. {This may help distinguish
the 10X tests from typical standardized tests.) Nevertheless,
scoring practicality is a nontrivial consideration.

Now how should these five criteria be emploved in
sclecting the specitic objectives? Should they be weighted
equally, in descending order, or in reverse order (stratified
according to number of two syllable words in the descrip-
tive paragraphs)? Sorry. but no handy scheme is available
for mechanical translation into decisions. Test constructors
must. however, be self-consciously attentive to each of the
fve points, We may devise o check sheet or other shorthand
formr to encourage such attention. It the test devefoper has
exhausted all rational alternatives. an arbitrary selection i~

majority preference. Clearly. this eriterion is not unrelatcd ™ abwayspossible.

{o criterion number one. but it may be profitable to apply
it independently.

(3) Terminality, 14 there s u degree of possible hicrarchy

prescut in the contending types of learner behaviors under.

consideration, such that some are considered precursive or
enroute to others, the chosen specilic objective should
represent the most terminal learner behavior.

ERIC 1o
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Having chosen . the specific objectives. that is, the cute-
gories to be used in generatiag a pool of homogeneous test
items which assess a given learner behaviors the next task
involves the production of o defensible set of such items.
FEacerpted with permission o the author. WJ, Popham. rom
Selecting Objectives and Generating Test Hems jor Objectives-Based
Teses. Los Angeles, TGN 1972,
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