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An Examination of the Feasibility of Using Criterion-Referenced
Measurement in Large-Scale, Survey Testing Situations

2 "Darol Graham -

Florida State University
N . -
) »
The t®pic of criterionéreferencedfmeasurement has received considerable
. i .

attention during the past decade. Much of the initial controversy that was

generated over the relative merits of criterion-referénced and norm-referenced

measurcment appears to have subsided. Today, most psychometricians scemingly
‘ . | .
- agree that criterion-referenced and norm-referenced measurement have differ-

ent purposes, and that each }é'appropriate under the c{;cumstanccs for which
) N )

it was intended. WNorm-raferenced measures are generaily more appropridtenin

n

.

selection sjtuations while criterion-referenced instruments facilitate classi-
. . .

fication decisions regarding an examinee's pbsition rélative to a spetified
objettive. TThe determining factor in the selection of a measurement tecﬁnique
4is the type of information requifed by the dgciéion maker.

The value of direct or absolute measures of student achievement“relative

e

to an instructional objective has been demonstrated repeatedly for at least

S N . _ o ,
! two types of educational decision making. Instructional developers need highly

specific information aﬁdut the attajnment of educational 6bjectives_in oxrder
to velidate learning materials. Likewise, instructional managers need de-
tailed information ‘about the status of each of their students for monitoring

the achieveﬁent of prescribed learning objectives. Each of these decision

makers has become dependent upon criterion-referenced measurement for acquiring

ﬂ\\\\\\i the necessary performance information.
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Recently, the appiication of criterioh-referenced measurement has
been extended to survey achfeyemept testing situaptons such as state
assessment programs. The educational -accountability meovement has created
‘a need for Specific'information concerning the achievement of common educa-
tional 6bjécLives in order to establish minimum educational standards. In
discussiné'the accountability issue, Hartnett (1971), descf}bed the moveuent

of education toward operational statements of educational objectives as &

basis for more precise measurement of educational effectiveness. A typical

I

"state assessment

example of the movement is the 'accountability act" and
programs adopted in Florida;_

In establishing objective—basea state assessment programs, the objective-
based measurement techniques that have proven so useful for haking instruc;ional
deQelopment and management éeqisionsprovided an obvious tool. The logic éf
such an extension in the use of criterion-ref;renced instrumeq&s cannot be
argued; however, the decision to employ such instryments was ma&e»without
evidence of.the suitabi)ity of criterion—refgrenced measqgemené for large-
,scale testing situations. Utilization of the technique for survey testing
may presént‘additional problems tb the tpeoretical and méthodoiogical prob;v
lems faced by all users of criterion—reférenced instruments. In particuf;r,
thevmagnitude«qf data collected in survey testing practically dictates the
nature of ‘usable instruments. For cost efficiency the responées mu§t be
readily obtainable and machine scoreable: thus, a multiple choicezor siﬁilar
format for suéﬁ instruments appears mandatory. Kri;wall‘(1969),vsuggeéted'
that the measurement error introdiced by tésts of reasonable length with
such a format, severely limits the reliabilify of décisions 90ncern1ng the

]

o Proficiency of individuals. The pfesent paper addresses some of the préblems

] L]
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associated with the adaptation of criterion-referenced measurement techniques

to situations which require the collection of voluminous data such as survey

achievement testing.

Method

The Florida State-Wide Eighth-Grade Test includes a section designed to

assess basic mathematics skills considéred essential for everyday
The test was’desigqed to measure nine skills yhich'had been defin
set of behavioral objectives. For each objective three multiple
item; were written fo assess the skill identified by the objectiv
For the present iﬁvegtigation, ten-item domain-referenced te
1973) were constructed to serve as criterion measures of a select
of the nine objectives.' Construction of the items followed an it
approach (Hively, et.al., 1969; Osborn, 1968). Common wording wa
for each item in a given criterion measure, bﬁEH;ﬁique numbers we
ggnerated f;r each item by a stratified sampling plan. In an eff
the items as §fh11ar as ;ossible to the items found in the Eighth

‘numbers ‘used in the criterion measure were restricted to a range

with the'nqmbers.in the Eighth—Crade Test. The results reported

obtained by admini¥%tration of the two diffe%ent measures of the f
objectives:
1. .Cost Comparison: Given the prices of two‘articles, the

will determine the difference in cost.

2. Travel Time: Given the distance between two points and
‘travel, the student will determine the required travel
3. Time Differences: Given two times of day, the student w

the differences in time.

living.
ed by a
choice
€.
5ts (Miliman,
Ed subset
em form
E aaopted
re randomly
brt to keep
LGrade Test,
:onsistent{

herein were -

bllowing

tudent

rate of
time.
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Cost Comparison!

Format: Two articfes are priced at § P, and P, . What is the
' . difference in cost of the two articles?

Parameters:

(1) Cost Difference (d):
d = Py - Pa )
where, $0.01 < d < $299.50 (@ $0.01 intervals)

(2) Cost of First Article (Pl):‘
Pl = $0.01 a
where, 50 <. a < 30000

(3) Cost of Second Article (P,):

P, = $0.01 b
where, .50 < b < 30000
and, b # a _ . ’

Travel Time:

Format: A car travels _d miles at an average speed of r per
hour. How many hours does the trip take?

“

Parameters:

(1) Travel Time (t): . .
t = d/r . )
where, 1/2°hr. < t < 30 hrs.. (@°'1/2 hr. intervals)

(2) ‘Distance Traveled (d):
d £ 10 a
where, 2 < a < 30

(3) Speed or Rate of Travel (x):
r = 10b ! .
where, 1 < 6 < 8

Time Difference:

Format: If the time is __ t; , how long will it be until t, ?

Parameters:

(1) Time Difference (T): . ' .
T = 'tZ - tl
wacre, 1/4 hr. < T < 12 hrs.
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(2) Initial Time (t;):
" t; = 12:00 pm. + a/4 hrs.
where, ¢ < a < .95

, (3) Final Time (tj,):
t, = t; + b/4 hrs.
where, 0 < b < 47

<

The dom.: in-referenced tests were developed to provide criteria for

i

determining the concurrent validity of the objectivefbased subscalga in

the Fiorida Fighth-Grade Test. It was realized that any indication of the

~

the validity of the subscales would be limited by the degree to which

the criteclon measure provided valid information concerning mastery of
‘ B :

the objectives. Aithough,the validity of the criterion measures could not

be guaranteea, it was assumed that the specification and use of explicit item

-

generation rules would at least facilitate the rendering of judgments about

3

their apparent content validity. 'To the extent that the item generation

rules reflect the original intent bf the objectives, validity of the criterion

measures would be expécted to exist.

It was assumed -that for a given objective there exists two populations,

masters and non-maSters. Based upon this assumption, a reliable test wowld -
. . ’ <
produce two distinctlaiétributions of‘scores, one for each population. Com-

1

bining the observed scores of all examinees, i.e., both masters and non-

masters, would be expected to" produce a bimodal distribution with the mastery

- group reCeiv‘ng scores equal ‘to the maximum possible score less the number

of careless errors and ‘the non-mastery group receiving scores of zero plus

the number of -lucky guesses. Thus, the degree’of overlap of the two distri-

butions could be taken as an indication of the amount of measurement error

~

‘in the scores.

1

\ o -/
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The criterion measures were administered t 151 eighth-grade studepts
.who had taken the FlPrida State-Wide‘Eighth-Grade Test. Compentency Class—
ifications (i.e., mastery'and non-masﬁery status) provided by the Eighth-
~ Grade Test were compared with classifications obtained with the criterion
measures of . the same skills. COmparisbﬁ of the two instruments was intended
to provide an indicatiun of the feasability of using survey tests for making
criterion-referenced interpretations.

¢ " Results

{

Table 1 presents (1) the proportion of students declared mas;ters of'J//
! .
each objective according to their performance on the three~item sub scales

of the Florida Eighth-Grade Test, (2) the proportion bf students declared
masters of each objective according to their perféfménce on the ten-item

: : N B |
criterion measures, (3) the proportion of cases in which examinees were given

+he same classification by both measures, and (4) the produét moment cor-

relations between the scores produced by the two measures. The Florida Eighth-.
b , r

Grade Program had specified a minimum standard for mastery classification
of twoout of three items correct. Primarily for consistency, a two-thirds
standard, i e., seven out of ten items correct, was also adopted for tye

criterion m 1sure. * Other factors influencing selection of the cut-off

-

score for t'c criterion measures are discussed in the next section. °
’ Figures 1-3 present the distributions.of scores obtained on the ten- -

item criteriom reasures for objectives 1-%\;espective1y. In addition,
. | E
Figures 2 and 3 display the effect upon score distributions of broaden-
\.’_'\»_, //j
ing the objectives through modification of the item generation rules. .

In Figur;72, the solid line indgcétes the score distribution produced \

when the domain of travel time items was reftricted to the problem set i

having fractional solutions of one—half hour (e.g. 1k hr., 2% hr., etc.).
R 2 / .
\ : S

Q SN

N
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The score distribution represented by the broken line was produced by

stratified sampling of items from the domain having both integer sol-

utions and half-hour fractional solutions.

i /

Table 1 .

_.Indicationé:of'Agrecmént Between the Florida -Eighth-Grade Test
(E-GT) and Domain-Referenced Criterion Measures. (CM) Concerning : .
Examinee Proficiency of Certain Basic Mathematics Skills

) :

Mastery Mastery Prop. of Corr. -
Objective Proportion Proportion Agreement Between
« on E-GT on CW  in Class. E-GT & CM .
1. Cost Difference . .91 .76 . .84 .54
2. Travel Time .85 .52 .65 “.51
3. Time Difference .74 .50 _ .68 - .57

{

Figure 3 presents the score distribution for ObjectiQe 3 with a samplé

of items randomly generated from a domain Containing various combinations
of the following stratifications: (1) a.m. only, p.m. only;‘a.m. to'ﬁ.m;; and
p.m. to a.m., (2) time différences of wholevhburs, half hours, and quarter hours,:

and (3) initial times stapting on the whole hour, half hour, and quarter -

* hour.

Discussioﬁxg
fhe instruments compé;ed in the present investigation showed consider-
able digcrupgncy in the classificagion of examihees as masters or non-masters -
of the skills spccified by the objectivgs. Botg instruments had Seen judggd
to possess content ;alidity by virtue of their éppaient:gonsistcﬁcy with

1‘ : . LY
the pre-stated objectives. Undoubtedly, both of the tests were measuring.the

-

corresponding skills to some extent. Problems arose, however, because

demonstration of the ability to perform a given objective often féquired

\
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subord inate or concommitant skills in addition ‘to the primary skill specified
by the objective. For example, the calculation of travel time, as specified

by Objective 2, roquirgd the abiiity to perform certain basic mathematical"

»

cemputations in ordet to solve the verbal rate problems. As a result,

-

mian changes of the item generation rules to include problems with whole-
hput‘solutioné as well as half-hour sofutions_produced'quite notigeable
changes in the score distributions! Thus, the broken line in Figure 2 seeming-

~ ly identifies two typ;s of masters of the skill_o{.ca}cuiating travel time.

S

 One group of masters could solve travel time problems with either whole-

- - ,
hour or half-hour solutions while a lesser number of examinees could solve.
\\\\‘~\\4trnvel time problems but only for problems with integer .solutions. It
> ' ~

seems likely that ;he inclusion of problems involving other fraé&i&ns that éfe-

Tess common than one-half would tend to confound the éesults‘even.further.
Although representing d;fferent objectives, Figures 1 and 3 %utther demon~

gtrate the ctfe;t ofvchanging the item geﬁeration rules to broaden the domain:

of items included. The bimodai characteristics of the .score distributioni(sg'
. Sy
presented in Fipure I suggest that parametetrs for Objective 1 define a Ce

rather narrew and homogenecus domain of items. In contrast, the measure of
"Objective 3, which included numbers repfescnting three stratifications. -

sprcified by the item generation rules, produﬁéd a more rectangular score

distribution. Apparently, a number of examiecs were sable calcuiate time

differcnces but rither had not mastered the concept of a.m. and p.m. or

had difficuity solving the probleﬁé that required the use of certain fr;ctional

~ . f!

portions of .an hour. ¥

. It shoutd be ;bmc bered thét\thg verbal content of the items in each probleﬁ

-~

set used in the present  investigatijon was held constant. Changes 1in the
. . - f

f
{
Q . T T ’ : R \'\\\\
| ‘_ i o
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. vocabulary and format of the items would be expected to exert additional in-

“

fluence upoﬁ the r€§ﬁits. As the item demains luacrease in breadth and the

items become more and more heterogeneors, this type of confounding influence

R : \ ) . -
tends to increase, and it becomes more and more difficult to make absolute

¢

* statements about what examinees can and cannot do._

It' is recommended that devélopers of criterion-referenced instruments
devote considerable effort to activities that lead to increased precision of
\ -
t ~the objectives. It is often possible to employ procedures used in task

anelysis in the identification of capabilities that mighﬁ be expecced to,
influence performénce of the gkill identified by anvobjective.l'In particular,
the test writerﬂqhould look fcr PIr requisite capabilities that appear to be
at a difficulty level that is rei§ iveiy similar to that of the primary

' scale. For .example, one might have predicted that the ability to manipulate \
mixed frecticns would affect the performance of middle;school students on
travel time problems with fractional sclutions. At the same time, one‘would
not expect‘the inclusfion of fractions.in a set of wavegmechanics problems to.
influeece"che‘performance of college physicslmajors. in instances wﬁere rhe
potentia  influence cof unspecified objectives ic less obvious, it may .be
necessary to tryout the problems empirically in order to detetmine the extent
of confounding for a given group of,ékamineeef’

The cgnfqpnding cf test results ariSing_from.the meaeuremenc of tﬁq,or
more skills simultaneously would be expected to increaee as che iteﬁ genera~
tion rules idgroduce more anﬂrmore heferogeneity into the problem set. Since
confounding increases the anbér of gcores falling in the middle of tﬁe

,v ;;ssiyle/range,_the ﬁegree of overlap between the mastery and noh-mastery score
distributions would also increase. Likewise, the rumber of scores at or
- )/hegr/aﬁ§ selected,mastery cut-off score would increaez, thus increasing the

[ERJ!:“ - likelihood of mis-classifying an individual with such an observed score. In

Lo
{ . ‘.

-
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this sjtuation, classification results would be influenced to a much
. greater degree by the selection of a cut~off score. For example, if on a
. : . i

ten-item test no observed scores are found in the range from three to

-

seven, the selection of any score within that range as 138 cut-off score

will lead to the same classification of examinees. In the‘presenc investi~

gation a cutting score of sevén was arbitrarily adopted. Figures 1-3

~

suggest, however, that such a selection ‘was fairly appropriate for mini-

mizing the number of false positive classifications. I1f the consequeﬁbes of -

a false negative classification were more important, a lower cutting score
\ .

might be more suitable. In any event, for a homozeneous set of items such

as the ones used to measure Objectiye 1, such :hanges‘in the cutting ‘score.
‘\

adopted would have veryflittléweffeét upon the results.

. Reliability, in the sense of replicability 6f competency classifications

5

relative to a given objective, would seem to be high‘for a bimodally dis-

\

tributed ‘set of scores. In effect, each item from a homogeneous domain

serves as a replication of the measurement of an individual's proficiencyl
A . . N v
relative to a given objective. . Naturallv, such homogeneous mgasures are

hiéhly consis;epg internally;‘and a; long as both masters and non-masters
of a given ob;éctive are included in the test samfle, KR-20 estimates of
re}iab{uty will be high.

‘Much of the discrepancy in the classification’of examinees that éésulted
f:om#éomparing performance on the two differept measures can prob;b]y be
attributed to‘thvvmegsurément érror accompanyiqg the subsqaies of the Florida
Eizhth-G;;dc_Test. Primary factors contributing to this measurenent érror
would be the use of thres-item tests for each objective and the u%p of a

multiple-choice formati Although the exact ¢ffect of’ihe multirxé—choice

" format upon the measurement of behavioral objectives cannot be determined,
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"

it seems likely that a test with such a format’/would require more items in

" order to yield a reliable measurement than would a test with a free response

format. -

-

Even with free response items, a number of factors appear to have an

Y

influence upon the number of items required to providé a reliable measure

of a specified objective. First, as the objective'bécomeéibroader and the

3

Xest becomes more heterogeneous, the length of the tést mpst:be inéreased
to maintain measurement prec;sion. Figure 1 suggests thaé even fof highly
v '
homogeneous tests, four or five‘items may be necessary ‘to minimize classi-
fication errors. Second, the number of items required to measure a given
objedti&e would also be influenéed by thé importance of the resulting
decisions. For highly important decisions, where the consequences of mis-
classification are seriaus, the number of items woﬁld need to be 1ﬁcreased.
Finally, with the free response<format,‘particularly in the meaéurement of:
mathematics objectives, test length may be related to“fhe relative serious-
ness of type I and type II errors. For free response mafﬁématics tests,

the 1likelihood of careless errors would be far greater than the 11ke11h60¢

of lucky guesses. Thus, if false negatives are more serious than false

positives, test length may need to be increased.

> . e
The adoption of criterion-referenced instruments for large~scale '

testiﬁg situatidns greatly increases the need for adequate theories and

methodologies relating to criteriop-refgrenced measurement. In clas%room
management situations, test qualitf is seldoﬁ critical. Other infog&ation
sources provide a constant check on the criterion-reéerenced daﬁé\\;Since

instructional management is a continuously ongoirng process and most class-

room decisions are of a temporary na&ure, decisions based upon inyalid or
. . C_/\
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- inaccurate data can be feadily modified at any time. On the other hand,
survey testing oftemr represents a single data collection effort and consti-
tutes the sole iﬁformation source for Ehe’degisiqn maker. If the results
of such testing are likely to have far-reaching effects upon the examinees

or upon their schools or teachers, the integrity of the data is critical.
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