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. examinee is expected to

ITEM SELECTION FOR CRITERION-REFERENCED TESTS

A criteri@nsrefefeﬁ:ed test is constructed %o provide information on
the performance of an'examinég on a set of coherent cbjectives, usually in
terms of mastery or non-mastery of each objective represeﬁtgd in the test.
The objectives represented in the test will be directly or indirectly related

to some curriculum or segment of curriculum. In mathematics, for example,

the objectives may represent what is generally taught in fourth grade general

" math or specifically what is taught in a particular fourth grade math program.

Or the objectives may represent what is to be taught in a six week course in
1ife saving and water safety. Even if the objectives are not diréctly
representative of a defined curr;ﬂulum as, for example, in National Assessment,
there is an implication that the objectives represent éame behavior that the
;

criterion-referenced test, then, begins with é set of objectives representing
some curriculum and ends with reporting perfgfmanzé on each of those eobjectives.
The chazacteristi&s of criterion-referenced tests derive from this curriculum
orientation.

A criterion-referenced test is interded to supply information about the
standing of an examinee with respect to a defined or implied curriculum, If
the test repreésents a feassnably long span of the curriculum, it will yield

many scores - one for each objective covered by the test. There is not much

nterest or value in the total test score, since it tells you little about
the specific achievements or deficiencies of the examinee. This is'an
obvious and major difference betweenxériterignsrefereﬁged tests and ncr%§
referenced tesﬁsg A norm-referenced test provides information about the
standing of the examinee with respect to a reference Oor norm grgup and this
can be accomplished with a éingle agg:agaté'tgtal sé@fe. The total szérelin

itself has little meaning except as a gross measure of amount of achievement

have learned - usually i a formal school situation. A
L ’
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in a-given area. Mearing for the score is derived from the norm group, just
as the criterion-refercnced scores derﬁvé their meaning from the Eurricélum
represented. A good criterion-referenced test should discriminate well
betwveen mastery and nonmastery of the objectives making up the curriculum
of interest, just as a good horm-referenced test should diseriminate well
between Exémiﬂags who have differing amounts of achievement in the general
area of interest. This has implications for the way in vhich items are
prepared and selected. Items in a criterion-referenced test should be.
sensitive tc.instrugtian; items in a norm-referenced test should be sensitive
to individual differences,

A critériﬂhﬁreferenced test is generally,intendéd to be diagnostic and
prescriptive. The test should (1) accurately reflect the examinee's standing
with respect to the curriculum, that is, show his specific strengthé and
weasnesses, (2) accurately reflect changes when the examinee's capability to
perform has changed, and (3) lead to appropriate decisions for the further
instrg@tian of the examinee. A norm-referenced test, on the other hand, is
generally intended to be descriptive and predictive. It should (1) accurately
reflect the examinees standing with respect to ;he norm group, that is, show
his relative position on the underlying quantity or trait being measured, and
(2) accurately predict ﬁhat the éxaminaé will be able to dafsugcessfullyi’

These distinctions lead torécmewhat different views of reliability and validity
for the two kinds of instruments. The usual validitﬁ'and reliability ;oefficients
reported for standardized ﬁotisféférenced tests have,mafginal utiiity~far

describing criterion-referenced tests. A criterion-referenced test should

have demonstrable content validity and it <hould be sensitive to appropriate
instruction. Reliability in the usual sen.e has -less importance than the
‘appropriateness of the decisions made that affect the treatment of the examinee. -

O
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Thiz goes beyond the instrument itself and lecads to considerations of minimizing
risk or cost to the examineec.

Tradi;iéﬁaily; for norm-referenced tests, test construction begins
with some sort of comprehensive rationale déscribing the achievement domain
or underlying trait intended to be measured and describing the kinds of items
that should be written, frequently with sxamﬁles. After the items are written,
they are tried out on a sample of the target population. Item statistics are
then computed including difficulty levels, point biserial correlations between
each item and the remaining items, and some index of internal caﬁsistengy,
usually a KR-20. Items are selected that have difficulties around .5, so
they will.diSQriminata well between examinees, and that have high point
biserials, so they will contribute to the hgﬁagéneity of the score. An attempt
is also usually made to have the distribution of scores approximate a"nérmal

B3

distribution. WNormally distributed scores have valuable psychometric properties:

*

they correlate well with other similar scores, provide meaningful derived scores,

and so on. For a criterion-referenced test, these statistics are still important,

of particular objectives after instruection.
A criterion-referenced test begins with a set of coherent, clearly stated
objectives. Each objective specifically describes the behavior that an examinee

will be able to perform if he has mastered the objective, that is, each objective

specifies a limited domain of behaviors. Items are then written for each

objective that sample as pﬁrely,as possible the specified domain of behaviors.

This‘sample of behaviors will, of course, not be random, but hopefully, it
will be representative of the domain. The items will then be tried out on a

sample of the target population. .Traditional item statistics will be computed

A_fand attention paid to them. It is more important, however, to-determine if the

3
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items are sensitive to instruction. In order .to do this, a two=stage item

tryout is required, that is, a pre-instruction administration of the items
followed by a period of time for instruction to occur, then a post-instruction
administration of the items tc the same students. It is also necessary to
collect infoérmation as accurately as possible about the specific objectives
appearing in the test that were taught to between the p;e—instructian
administration andbzhé pest-instruction administration of the items. If
the instructional program is under the control of the test constructor, this
information is relatively easy to obtain. If not, it can be approximated by
asking the teachers what they have tanght,

In order to select items that are sensitive to instruction, it is valuable

to have some procedure for organizing the data and some numerical index reflecting

each item's sensitivity. At CTE/MCGIEWEHiil, we have adopted a procedure described

by Marks and Noll (1967) developed for a somevhat different purpose. TFirst we

obtain a two-by-two table of frequencies for each item at pre- and post-test like
this:

Post-test

Pre-test

Here the rows represent, respectively, failed éﬂd‘pésééﬂ theriﬁém!at pre%tuét

and the colums repreéent failed and passed the item at post-test, so that:

f, = the-

1 frequency of cases that failed the item at both pre- and

post-test, "
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f, = the frequency of cases that failed the item at pre=test, but

2
passed it at post-test,
f. = the frequency of cases that passed the item at pre-test, but
3 quency passe ,

failed the item at post-test, and

= the frequency of cases that passed the item at both pre- and

Ho
I

post—test.

\I"

N ='f1 + fé + f3 + f4 = the tontal ﬁumbéf éf cases that were administsred
the item at both pIE§Aand pgststesﬁg

Marks and Noll assume that there is some fixed non-zero probability, p,
that a student who does not know thg answer to the item will guess ‘the
correct-answer, " The value of p is detérmiﬁed by the item only and does not
vary from student to student nor from a;&asign to occasion for the same student,
that is, they admit of no partial knowledge and assume that an examinee's responses
are independent at pre~ and post-test when he does g@ﬁ know the correct answéf
and fails to learn it. They also assume that the only possible result of
exposure to instruction between pre= and post-test is that a student learn
the correct answer to an iﬁem@ They admit of no forgetting so that a
non-zero ftequEﬁcv of f is aalely due to guessing. The "true" value of f3
is zero. With these assumptlﬂng, they ther reason that £1, those people

who failed the item at both pre- and post- test, is Cémpéééd Dﬁly of people

who in fact do not know the answer after instruction. Therefore fl is equal to

the prgbablllty of guessing wrong tw ice times the number of people in the sample
who do not learn the answer, that is:
. | 2~ o o

Y

where tl is the "true" number Df peaple who du not learn. Similarly £, those

people who falled the-item at pre test and passed it at post- -test, is gampased
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of the number of people who learned the correct response and guessed wrong at
pre~test plus the number of people who did not learn but guessed vight at the

post-test and wrong at the pre-test, so that:

£, = (1-p) %2 + p(l-p) El g 7 chi

where f, is the "true'' number of people in the sample who did not know

at pre-test, but have learned by the post-test.

=

Next f3, those people who passed the item at the pre~test but failed it at
the post-test, is again composed solely of those who do not know nor learn the

correct answer but who guessed correctly at the pre-test, that is:

. Ey e £ o)

Finally, fé’ those people who passed tb% item at both pre- and ﬁmst—test;
is composed (1) of all of the people whé in fact know the corrfat responsc
at both pre- and post-test, (2) the numgef of people who learned the avswer
and also guessed correctly at the pre-test, and (3) the numbéf of people
who did not know nor learn the answer, but who guessed correctly at both

pre- and post-test, that is:

£, =f, +p £ +p’ £, @

where f4 is the "true" number of people in the sample who know the correct

answer at both pre- and post-test.

From equations (1) and (3):
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and equations (1) through (4) form a consistent system so that solutions for

the fi can be found:

fl = — ) ,
~1
- (£, - £.)) (£. + E)
=2 Y 2 Y ()
= - f = — ) .
1
fS =0 5
R £, f;
0" fT o h
A ratio:
fz
i 5 = — e

(7)

o
=

+

fan
M

*

can serve as an index of the degree to which cgaminees are selecting.the

correct response to the item as a function of the inétruﬁtian fgceivﬁd'bctwéeﬁ

pre- and post~test, that is, a sensitivity index. This index is sinply the

pfgpércicn of cases. that mlaszd the item on the pre=test and then got it

right on the post-test after a correction for guessing has beeg applied. B
‘Ihis ptazedure was applicd t@'data obtaiﬁéd iﬁ a two-stage item tryout :

for the Er:s; Eilve Reading Inventcry (PRI), a criterion- ref;renﬁed readlng

test publlshed by GTE/MLGraw H111 in the fall cf 1972, Items wvere seléctad
tD measure 90 separate feadlng DbJEQthES and ‘these were arranged in four

:Dverlappjng lév;ls of the test’ n@mlnally spannlng gradeq 1.5 thraugh gfadé 6. 7 f

Inf Drmatlau aLauL fhat had been taught - to tha students in the trycut sample

Full Tt Provided by ERIC.
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was obtained from a questionnaire thal was filled out by the teachers of these
students at about the time of the post-instruction administration of the
items. The questionnaire ]igtcd each objective represented in the test,
written out in fullg with spaces by then to mark one of "taught before the
pre~test,"” "taught between the pre-test and the post-test,"” and "not yet
taught." In many cases, the teachers marked both the "taught before" and
the "taught betweeﬁ” categories for particular objectives giving rise to
an addiciénal "review" category. The item tryout aata was divided into
these four cétegoiiesi

For each item, then, for each of these four categories and for each grade

group to whom the item was administered (two or tliree grades), we computed

the two-by-two table of frequencies, the corresponding table of proportions,

the two-by-two table of corrected or estimated "true" frequencies, the
corresponding table of proportions, and the sénsitivity index. Since more
than 1,600 items were tried aut,-this produced an enormous amount of data.
Theoretically, the value of the sensitivity index should be low far the
”taught béfafc the. pre-test' group, higher for the ”ra;iew" group, highest
for the "taught between the pre-tast and the post-test" grouﬁ; and clése to
zero for the "mot yet taught" group. In our case, we rarely had eﬁeugh
cases in more than one or two of the groups to get a stable value for the

index. We feel that, in order to get a reasonably rcliable value for the

‘index, that there should be at 1Eas§-£ifgy cases who missed the item at

2

"the pre§test; that-is, the sum of fi”and £, should be Eifty;af more. The

cases in tha‘f4 cell, those who passed the item at both the pre- and post-test,

do not contribute to the calculation of the index and if the proportion of

Eaéesfin'ﬁhe f4 cell ishhigh, wﬁich it generally is especiaily for the ''taught -
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before' and "review" groups, then the index will be of little value. Vhere
% I 3

we were able to partially validate the pattern of index values from group

group, it generally held up, except that the values for the "taught before"

for the "review" and "taught between' groups tended to be lower than
o . . ; gi ot . ,
expected. This may, in part, be due to the unreliability of the question-
naire data, upon which the categorization depended,
Table 1 shows the results for the "taught between pre~ and post-test"
group for seven items, all of which were written to measure the objective

"lhe student will be ."le to identify compound words." The first thing you

L]

will notice is that as many labels as possible were omitted to save space.,

i3

Each 3 by 3 set of numbers is a two~by-two table with marginals organized

és described above. The first one at the top of the prge labelled "ITY is

the cbserved frequencies. The second one down labelled ”IP”>islthe proportions
corresponding to thé ébserved frequencies. The thirvd lsbelled "If (EST)" iz

the -corrected or estimated "true" frequencies. The last labelled "TP (EST)" i

is the sensitivity index labelled "D'". These data are somevhat better than
typical for first graders. It is rare, in our data, to find that ail items for
an objective have acceptable values for the sensitivity index. Look nsﬁ at ﬁhe
marginal proportions in the second table for those vho passed the item at’

pre-test and those that passed the item at post-test. These are the item diffi-

e

“culties at pre- and post-test respectively., For item 11, the first item in the

table, the pre-test item difficulty is .58 and the post-test difficulty is .80.
This is an additioenal indication of the sersitivity of the item.
The sensitivity index for reading tends to be higher at the lower grade

lev:ls andlﬁighef,fcﬁ disczetg skills like recognizing compound words while it -




tends to be lever at the upper grades and for comprehension type items. This is,
of course, to be ezpected, since reading tends to converge to a more or les .
unitary sikill as practice accumvlates.
Table 2 shows rather typical results SGT geven items all written to
measure the objective "The student will be able to identify the root word in
i words with added endings that involve spelling changes". Notice that item 96,
the next te the last item in the table, has a negative sensitivity index. This
occurs vhenever EBQ the number of cases who passed the item at the pro~test and
failed it at the post-test, ig larger than Eé, the nunber of cases who failed
the item at the pfe*t&ét and passed it at the post-test. A negative index
indicates that there is a serious problem with the item, In this case, there
is nothing obviously wrong witﬁ the item, but looking at the pattern of frequencies
compared to the uther items in the set, it seems plausible that the item was misk&yed.rvf'a
The upper liult of the index is one and it generally ;hguid not go below
zero, though it obviously can and does. We had a few objectives thebitems for
which all had negativé index valuesie In one case, for an objective having to
do with alliteration, the item writer had been unable to write items that got
at the intent of the objective. Wg subseéuently decided that the @hjﬁctive
could not be reasaﬂably measured in a paper and pencil test and cxcludéd it f:cﬁ ,
the published test. In other cases, the objective was miéﬁlaced and the items were
grossly inapproprisate for tﬁa students who completed them.
After selecting items using the sensitiyiéy ip&éxlésrthé primary criﬁeti@n

for selection, I ran several tradiﬁional item analyses lumping all the items

from a tryout booklet together to see what items would have been selected in

the traditional way.' One set. of items was related to vocabulary cbjectives and

two others were all comprehension type items. I+ each case less thar half of

-
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the items sel

wm

thetical norm-referenced test. TFor the vocabulary test, 23 items were
used in the PRI while 13 were nc

sere selected, 16 of which we

a hypo-
selected

of the

111 Ehe PRI

For the ather, 42 items were selected, 18 of which were included in the PRI.

the objectives

wvere unevenly repre:xe

(Vo)
i
o

were not rep

eited at all while,cthers had as many

s

lD items selccted. Using sensitivitr a,instructian as the majo

for item selection leads to chaﬁalﬂ“ a difforent set Df items than would

be chésen.

- eriterion

1970 Edltlan,

We also had scores for the Callf@Tﬂld AthPVEWEnt Tests

Reading Vocabulary subtest for ocur tryout Eaﬁplég,

the CAT

I‘"ﬂ

elated objectives, I obtained the lﬁLEICGTLelﬂEiGQa Df these
Vocabulary s and then did a stepwise ragrassicn ana

CAT could be predicted from the objective

Nate Ehat the hlghgst correlation of any

Using the sot of 10 vocabulary

ce how well the

Table 3 shows the intercorrelation

ordinarily

Reading

“tli+ vocabulary

of the objectives with

Gcncraily they run about .40. The inceraﬂrrelati@ns

other average around .

in regression only reached .55. This tends to show rather gl

The multiple correlation with all ten objective scores

1ly that the two

fe,n@t much alike and that scores on one might casily change with—

kinds of thL

W\

"cut a ;urreupcnd, change In the other.
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