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ABSTRACT

The purpose of this report is to present a formal analysis of the
effects of item deletion on équating/scaling functioqs and reported"
score distributions. The phrase "item deletion"” shall be used to refer
to the process of changing the original key of a flawed item to either
all options correct, including omits, or to no options correct, 1.e.,
not scoring the flawed item. There are two aspects to the present
analysis. The first aspect is analytical, focusing on the developmént
of a formal model for the item deletion effect by decomposing it into
its constituent elements. The second component of the analysis is
empirical, involving the use of actual data to illustrate and supplement
the analytical results. The analytical decomposition demonstrates ﬂow
the effects of item properties, test properties, individual examinee
responses and rounding rules combine to }roduce the item deletion effect
on the equating/scaling function and candidate scores. In addition to
demonstrating how the deleted item's psychometric properties can affect
the equating function, the analytical component of the report examines
the effects of not scoring vs. scoring all options correct and the
effects of re-equating vs. not re-equating, as well as the interaction
between the decision to re-equate or to not re-equate and the scoring
option chosen for the flawed item. The emp{rical portion of the\?gsort
uses data from the May 1982 administration of the SAT, which contained
the circles item, to illustrate the effects of item delefion on reparted

score distributions and equating functions. The empirical data verify
R . .

what the analytical decomposition predicts.
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EFFECTS ON SCORE DISTRIBUTIONS OF DELETING AN UNKEYABLE ITEM FROM A TEST

g

Within the past few yéars, the pyramid~problem on a 1980 form of the
PSAT/NMSQT and the adjacent circles item on a May 1982 }orm of the SAT
have generated a great amount of press about items with indefensible
keys. Wainer's (1981) large sample analysis of the PSAT pyramid
problem, cleverly entitled, "Pyramid Power: Searching for an Error in
Test Scoring with 830,000 Helpers", demonstrated that even a statistical
aﬁalysis based on almost 830,000 examinces would not have revealed that
the pyramid problem was miskeyed. It appears safe to anticipate a
similar conclusion would be reached i1f a large sample analysis Qere
performed on the adjacent circles problem. In addition to the highly
visible external tempest created by these items, there has bgen a less
visible y;t vibrant discussion about what to do about defective items.

One of the available policy options is to delete the item from the
test. This option was gmployed with tﬂe SAT adjacent circles‘item.

Item deletion 1s operationalized by not scoring the item ana effectively
reéucing fhe test length by a single item. Petersen (Note l)'summarized
the effects of not scoring the adjacent circles item~on equating and
reported scores.

"Very recently, two problem items appeared on a Biology Achievement
test that was administered in June 1982. Conéidération was given to
either g{ving everyone credit or not scoring the two items under
conditions of re-equating vs. not re-equating. When re-equating is
employed, there is no psychometric difference between scaled scores
based on giving everyone credit on the p;oblem items and scaled scores

based on not scoring the problem items. There is, however, a very




noticeable difference between giving everyone credit and not scoring,
however, when re-equating is not employed. Petersen (Note 2, Note 3)
summarized the effects of re-equating vs. not re-equating under various
scoring options for the two problem items on the Biology Achievement
Test.'

The purpose of this report is to present a formal analysis of the
effects of item deletion on equating/scaling functions and reéprted*
score,distributions; The phrase 'item deletion' shall be used to refer
to the Rrocess of changing the original key of a flawed item to either
all options correct, including omits, or to no aptions correcty i.e.,
not scoring the }law;d item. Although neither not scoring the item nor
scoring the item all optionsjcorrect involve deletion of the item in a

-physical sense from the test booklet, the flawed item 18, in both cases,

defeted psychometrically from the test scores ﬁhat candidates receive.

A psychometrically deleted\iiem has no psychometric impact on scores

\
1

|

\ £
that individuals receive on}the test. In other words, regardless of

whether the item is diffic$1t or easy, discriminating or not, it has the
same impact on all candidates scores: }f"the item is not scored, ;11
candidates receive no_points for that itém; If the item is sgored all
options correct, everyone receives one raw score point regardless of hbw
the& responded to the flawed.item. As the title implies, this report is
limited to item deletion in the sense just indicated. The effects of
multiple keying of an item are not studied. e

There are two aspects to the present analysis. The first aspect is

analytical, focusing on the development of a formal model for the item

/ (




deletion effect by decomposing it into its constituent e}ements\
Portions of this development a;e mathematically complex. For the
benefit of the general read;r. the saliéht features of this development
are sum;jliiig/ﬁp the next few paragraphs. The second comp;nent of the

analysis 1s empirical, involving the use of actual data to illustrate

[y
-~

aﬁd supplement the analytical results. This emp%rical component, which
i8 less mathematically demanéing to read than the‘analytical component;
i8 summarized in the last two paragraphs of this introduction.

The analytical deccomposition demonstrates how the gffects of item
properties, test properties, individual examinee responses and rounding
rules combine to %foduce the item deletion effect on the equating/
scaliﬁg function and candidate scores. Prior to decomposing the item
deletion effects, the fundamentals of item response theory (IRT)
true-scoring equating are described with the focus placed on the
compositional nature of the IRT true-scorc equating process. In short,
the equating process 1s composed of various new form and old form
éomponents. Item deletion affacts the equating/scaling process through
its effects on the new form components. The psychometric
characteristics of item; and rounding rules for formula (or raw) and
scaled scores contribute to changes in the equatiné/ecaling function.

An item's difficulty determines where the change in equating function
occurs along the raw (or formula) score scale. An item's discriminating

power determines the abruptness and direction of the change. The item's

suseptibtlity to guessing moderates the effects induced by the item's

difficulty and discrimination. Rounding rules can exaggerate small

1

effects in a rather unpredictable way.
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~ In addition to demonstrating how the deleted item's psychometric
properties can affect the equating function, the analytical component of
the report examines the effects“ofmnot scoring V8. scoring all options
correct and the effects of re-equating vs. not re;equating, as well as
the interaction between the decision to re-equate or to not re;equate
and the scoring option chosen for the flawed item. Not scoring the
flawed item and scoring it all options correct affect the equating
function in opposite ﬁays. While the item's psychometric properties
determine where the effect occurs, not scoring the flawed item results
in a shorter test that is harder than the original test, while scoring
all options correct results in a test that is as long as but éasier than
the original test. The flawed item's difficulty and the scoring
decision determine how much the new conversion approximates the original
for a glven formula score. For example, whif; deleting a very difficult
item may have no substantial effect on the equating function when the
item 1s not scored, scoring that same difficult item all options correct
can have a very noticeable impact on the'equating function.

The analytical decomposition also examines the igsue of re-equating
vs. not re-equating. Not re-equating allows the flawed item's
psychometric properties to have a substantial impact on scaled scores
and also allows the decision to score all options correct vs. not score
to impact on final reported scores. In contrast, re-equating makes the
scoring decision irrelevant and mitigates the impact of the flawed
item's psychometric properties on reported scores. Hence, re-equating
after de}etion of a flawed item is clearly better from a psychometric

point of view. /

// /
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The empirical portion of the report uses data from the May 1982
administraFion of the SAT, which contained the circles item, to
illustrate the effects of item deletion on reported score distributions
and equating functions. Six items from that test, in addition to the
circles item, were selected for item delétion.

The effects of item deletion were st;died in the following manner.
Eaéh of the six items was deleted from the 60-item total test containing
the circles item and the 59-item test thaf excluded the circles 1item.

As a consequence, 8ix separate 59-item tests and six Bepar;te 58-1item
tests were simulated. Each of these 12 tests will be compared to the
full 60-item test. One type of comparison focuses on equating/scaling
functions and differences induced by deletion of items with ;ertain
properties. Effects on both rounded and unrounded converted scores will
be assessed. Difference plots are used to examine these effects. In
addition, effects of.item deletion on examinee formula scores are
assessed. This step necessitated rescoring for a representative sample
of 45,579 examinees, the same set of examinees used to assess the effect
of deleting the circles item. Differences among rounded and unrounded
scaled scores are summarized. |

The empiriqal data Jerify what the analytical decomposition
predicts. For example, item difficulty determines where the change in
equating functions occur and by how much reported scores produced by not

re-equating under each scoring option (not score vs. score all options

correct)sdiffers from those produced by re-equating under either scoring

option. The illustrative data demonstrates that re-equating mitigates
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the impéct of thg deleted item's psychometric properties on reported
scgres. In fact, re-equating reduces th; impact of the flawed item's
¢haracteristics on reported scores to‘an effect that is smﬁller than
that associated with the rounding Qf scaled scores to two significant
digits. In contrast, not re-equating enables.the item's properties ‘and
the scoring decision to have very noticeable impact; on reported score
distributions./'Inrshort, the illustrative data viv}dly demonstrates the
importance of re-equating, and given re-equating the relative
; . A

unimportancg of flawed items psychomettic characteristics. In the

process, the relative importance of rounding rules is also illustrated.

) :




Analytical Decomposition

The effect# of deleting an unkeyable item can be accounted for by
three components:

e Changes in the equating function that maps rounded formula scores
on the new form onto formula scores on the old form.

e Changes in the formula scores of individual examinees.

e The rounding of scaled scores to their two-significant-digit
reported-score form. ‘

The effects of these three components will be addressed in sequence.

Changes in the Equating Function
Changes {n_the Fquating

This component of the item deletion effect is affected by the
psychometric properties of the item. The particular effect depends on
which cquating method is employed, e.g., IRT true-score equating, linear
equating, or equipercentile equating. Here, we focus on IRT true-score
equating, the method employed for the SAT and the PSAT/NMSQT.

IRT true score equating. Lord (1980, pg. 198) demonstrates that

observed scores on two tegts cannot satisfy certain equating
requirements unless either (1) both scores are perfectly reliable or (2)
the two tests are str}ctly parallel, in which case equating is
unnecessary. Since perfect reliability is virtually unattainable,
observed-score equating is either unneceésary or impossible.
Consequently, lLord advocates true-score equating.

Lo;d (1980, p. 199) cites three important requirements for equating
two unidimenaioﬁbl tests that mecasure the same ébility:

1. Equity: For eve;y ability level, the coflditional frequenc;
distribution of equated acores.from test X for a given ability level

should equal the conditional frequency distribution of equated scores

from test Y at that same ability level.

|
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’ equaging'depends solely on IRT item parameters which theoretically are

logistte,

2, Invariance‘%oross‘gfdups: ?Pe.equating function shéuld be the
same regardleés of the;popuiétion from thch it was deterﬁined.v

3. ‘éymmétry: The equat{?éfreiatiqpship shou{é be the sahe = o L
regardless of whether X is equatedlfo Y or Y is equéted to X.

TRT true-score equating meets fhese three requirements because true - \\~

+

scores on tests measuring the same ability are perfeztly related, i.e.,

‘there is an exact unique functional relationship between the true scores

on the two tests. The equity condition is met because IRT true-score

invariant across populations of ex%minees. Finally, symmetry follows

/
.

from the identity relationship. | ' , /

[

To appreciate the mechanics of IRT equating, we need to introduce

some mathematical concepts'and notation. We begin with the item

unction is a mathematical

response function, Pg(e). The item response f
: . o :

‘expréssion for describing the probability of' success on an item as a - 4

N
function of -a single characteristic of the individual answering the .. .

‘ item, his or her ability, and multiple characteristic of the item.k.The

IRT model used for the SAT and the PSAT/NMSQT is the three-parameter

-~

» . . =

kl) Pg(e)!- cg‘+ (l-cg) [1+e’1'7ag(efbg)] -1 ’
where: . ' , ' “ o

-

P (8) - the probability, that an examinee with ability anéwers item .
. ‘g correctly; ‘ _ ,

ag - item discrimination parameter for item g; ) ,
bé = item difficulty parameter for item g;

) ¢ - lower asymptote of the item.response curve, the probability
g that an examinee with extremely low qbility answers item g

correctly. . .

- 13
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' In (1), 6 is"the: ability parameter, a characteristic of the examinee, o -
. and ag, bg and ¢ are‘thQ'item parameters that determine the shape of
. '?' the item reéponse function, v .
For a test composed of n items, summing the item response functions
- " over the n items yields, the test characteristic function .
- , )
R | S : S
(2) - R= L P (8) .
: ) ! gsl g P
v 3 - ' - T . ' N ) . . .
‘The test characteristic function identifies the expected number-right
i score for egéhvlevel of 6. This expected number right score is the
. number-right true score on that test.
3 : :
=

If tést X and test Y are measures of the same ability 6, then their
/e .
number-right true scores arj/related to 6 by their test characteristic

functions , . ( : ) .
r | b
, n ‘ m
3 : Rx - I1’;_1~P1(9) ; Ry = jEIPJ(B) .

¢

Note that Rx and Ry are functionally related to each other through their
relationships with 6, Substituting values of 6 into Rx and Ry in (3)

ylelds pairs of X and Y true scores. These pairs of true scores define
R£ as a function of Ry and vice versa, and constitute an equating.of

o’
Al

true scores.

Let tx and t refer to the test characteristic function trans-

| ‘ formations that convert 8 to Rx and Ry’ respectively, i.e.,
(4) Rx = tx(e) 3 Ry = ty(e) .
Then, we can express 6 as a function of Rx and Ry via

14 - ‘

'
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, 1 ‘
(5) tx (Rx) = 0 = ty .(Ry) .

Let us designate X as the old form and Y as the new form. To find the

transformation that equates Y to X, we first find the 6 corresponding to,
a particular number-right true score on Y via
(6) - e =t twry .
y y
<

Next, we find the number-right true score on X corresponding to that )

via

' ) -1

n R =t (6) = tx(ty (Ry)) .

Substituting a value of Ry into (7) yilelds 1its eduivaleht in Rx metric, '
Both the SAT and the PSAT/NMSQT are formula-scored tests.. In IRT,

true formula saores on X and Y are defined via

n n
a a.
(®) BRI ACRESE R C U
and
LA ™,
9 S, (8 = I By(e,) - j51[(1—Pj(ea))/(Aj-1)]

Rasis 8

where n, and m are the number of 1teﬁs on X and Y that were reached by
examinee a, and Ai and Aj are the number of response alternative-on
items 1 and j, respectively. When an examinee reaches all items, aril

all items have A options, (8) and (9) simplify to

(10) FS_ = (ARx-n)/(A-l)v; FSy - (ARy-m)/(A-l) .
-«

Q . . Lo ~lf;
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For simpliéity of exposition, we will assume all examinees reach every e e

item, all items have the same number of options A, and fx and f

represent the. transfotmations in (10), i.e.,

(11) ‘ Ps, = f,(R) 5 FS = £ (R) . . -

. Rearrangement of terms in (10) yields,

(12) R; = ((A—I)st+n)/A ; Ry = ((A—l)FSy+m)/A .

. «
N

which can be expressed as

-

o =1 \ -l
(13) R, = £, (FS) 5 R = £ T (FS) .

IRT true formula-score equa:ting proceeds as follows: The true =

. : : ;
formula score on new form Y is converted to a number right true score on

Y via

- -1
14 R = ¢ FS .
(14) , R = £ T(FS)

Then, (6) is used to convert Ry to 8, and (7) converts € to Rx’ yielding

| -1 o1,
(15) R, = £,(0) = £ (e T (R =t (¢, T (£ 7 (FS))) . \

Next Ry is converted to ?Sx via (11), yielding
)

. -1
(l6) I-‘sy = fx(Rx) = fx(tx(t.y

-1
(£, (FS0)))

Equation (16) expresses the equating of true formula scores on Y to true
formula scores on X. 1In practice, the transformation s, from FSx to

scaled score is applied to the equated scores in (16) to place the Y

test on scale, i.e., o B
-1 -1
(17) SSy sx(f:::x(ty (fy (FSy))))) Sy(FSy) .

lo -~
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In sum, khe scaling function for formula scores on new test y is
() B =8 of ot ot -1 o f -1 .
< y ~
v /

where o indicates composition of functions.

Table 1 contains a conGEnieq; summary of the various functions
involved in IRT equating and the scores they operate upon. In this
table, the four types of scores, ability estimate (8), number right

-

score (Rx' Ry)' formula score (FSx. FSy). and scaled score (SSx. SSy)
for old form X and new form Y are defined at the bottom. Above these

N
score designations is a 1list of the functions. Alongside each function

is a description 6f Ehe mapping accomplished by that function and the
number of the first equation tnggjaiﬁg that‘function. For example, tx

maps 6 onto number-right true score on test X, while sy maps formula

scores on test Y, FSy. oq{o the reported score scale for that test, SSy.

The effect o(\item deletion. Equation (18) shsws that thebscaling
function for test Y is a Eompqsite of several functions. Two of these
functions deal with the relationships getween test Y items and ability
8, two deal with the relationships between test X items and ability.e.
and the fifth is.tﬁe écaling fun;tioﬁ for test X. When an item‘ié

deleted from test Y, three of these functions are unaffected, namely,

the functions associated with the old test X. ,(The functions relating

test Y true scores to 6 are affected item deletion. Hence, we shall

o
i

-

L focus on the effects of these functidns. Iﬁ this section and the

following section, we presume that d letion of the item is accomplished
)

by a decision not to score the deleted item. After the development for

’

a - . ¢

bay

pi
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Table 1

1
Functions and Scores Employed in IRT Equating

Function maps Score onto Score Equation #
t 6 -+ R 4
x x
. t ) »> R 4
y y
-1
tx : Rx +> 0 5
’ t -1 : R -+ 9 5
y y
) £ . :. R + FS 11
x x \TZ x
f : R - FS 11
y y . y
g 1 FS > R 13
x X
‘ g -1 FS N R 13
y » y
8 : FS +> SS .18
x X x
8 FS -+ SS 17
y y
0ld Form New Form1
Ability 8 6
[Feno
Number Right R R
X y
Formula Score ' FS FS
3 y
Scaled Score SS ss -
X y

lA parallel set of-scores and related functfons exist for shortened

tests.
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deleting and not scoring, the alternative of "deleting" and giving

credit to all options, 1nc1uding omits, will be considered.

-1 -1

The first function to be considered is f in (14). Let fy'

represent the formula sco>§ to number-right true-score conversion for
]
the reduced test Y' composed of the m-1 items that remain after deletion
h) .

of item k. Likewise, ty' represents the relation between number right

true score and 6 on test Y'. Hence, the scaling function for Y' is

(19) s ,=8_o0f ot o ty' o £, .

The function ty' is defined by

m
(20) ' R,= 1 P(). :
* y j=1 ]
e -
Note that Ry' can be related to Ry for the full test via .
(21) Ry. - Ry - B G®) :

Hence, ty and ty' differ by the item characteristic function for the

deleted item k. Note that for all 6, Ry i-Ry" Since the item ’
characteristic function for any item is a function of three item
parameters, the particular change from ty to ty' is a functio?,of these
parameters; Hence, the deleted item's psychometric properties, embodied

in the item discrimination parameter (ak). the item difficulty parameter

(bk)’ and the lower asymptote (Ck)’ affect the equating function through

13
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their affect on ty. Deletion of the item affects ty iﬁkanother

important way, namely, it constricts the rarnge of the function. Whereas

A

) h)
t_ maps 6 onto a scale bounded by 0 and m, ty" maps 6 onto a scale

bounded by 0 and m-1. This restriction in the range of the function
' ~

occurs regardless of the deleted item's psychometric properties and mzy

r—

be the major contributing factor to differences between ty and ty" ™

The function fy.'1 1{s embodied in ~ >
(22) Ry = ((A-l)FSy, + (m=-1))/A .
Given the relation in (21), FSy can be related to FSy. via
(FS_,(A-1) + (m-1))/A = R_ - P, (0 :
y'( ? (m-1)) y 1« (8) .
| FS_,(A-1) = AR - AP, (8) - (m-1) _—
(23) y y k
. FS = (AR -m)/(A-1) + (1- (8))/(A-1)
y ( y )/ (A-1) + (1-AR, N/( ‘
FS = FS + (a-AP, (p))/(A-1) . ,
y' oy ko )
In (23), it is clear that true formula score is affected by the . .

properties of the deleted item. Note that FSy. is greater than FSy for
values of 6 for which Pk(e) is less than 1/A. This 1is an interesting .
re;ult because it states that the expected formula score for individuals

of very low ability can increase when an item is deleted despite the

fact that the tes; is shortened b; one item. For very low level

examinees, the maximum increase is (I-Ack)/(A-l). Since the minimum Ck

value 18 zero, the maximum gain in expected formula score is 1/(A-1),

which for a five-choice item is .25. At the other extreme, very high

ability indivi;uals exhibit decreases in expected formula-score of

(1-A)/ (A-1), which 18 -1, precisely the decrease in expected
)

number-right score at that level of ability.
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Sin&e Pk(e) is always greater than zero, it can be inferred from
(21) that for all o, Ry > Ry" This inequality reflects that it is
alwayé easier to obtain a given number right on Y on than Y' regardless

of which item is deleted. How much higher the expected score on Y is

than the expected score on Y' depends on the properties of the deleted

g;:m and the individual's ability level. Since Ry.i Ry' for the same 9,

it follows that a given number-right score from Y' will convert to a

-
\

larger (or as large) 6-value than will the same number-right score from

Y. In short, the longer test Y appears easier than_the shorter test Y'

es of number, right

-1 -1
, 1lee.y . ¢ >t .
Cer Byt =0y

because of the inequality Ry > Ry" i.e., at all
score, the function ty,-l will exceed or equal ty“-l

The same effect tends to occur for formula-sco‘es as well. In

particular, o . \)

b P

i

. (24)

LY

FSy > FSy, for all Pk(e) > 1/A.

Since Pk(e) should excegd 1/A for most valﬁes of 6, 1t follows that for

\ almost alN\ values of 6, a given formula score onyY' will convert to a
\\? larger (or as large) 6-value than the same formula score on Y, i.e.,
1 -1 _ _ _ .
(ty o fy ) < (ty Lo fy' 1) for a given formula‘acore. When c, 1’1(A,

for all valdes of 6. In short, the longer

values of 6. How much easier and for what values of 6 will depend Qn
the psychometric properties of the deleted item.

. Since, t -l.i ty,-i for all number right scores, and fy-l < £, ,
will be true for most formula scores, the.scaling function for Y' will

tend to be higher than that of Y for most formula scores, 1i.e., 'y' 1_ay

for most formula scores.

Q- - ' - %31“
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Effects of deletion on scaled scores. The relationship between Sy'

and 8 can be constrained by the effects of the psychometric properties

of the éeleted item on the relationship between FSy and FSy,. The

/

general relationship can be expressed as: ///

° SSy, > SSy for all P _(8) > 1/A, and

$S,4 < 88, for all P, (8) < I(A .

.

Note that the point of which Pk(e) equals 1/A depends on a. bk’ and €
Examination of specific cases of this general relationship proves

enlightening.

»

o Ifc, = 1/A and a

‘k k

for all formula scores.

= 0, then SS_, = SS
y y

1

i

This unrealistic item 1s characterized by a flat item characteristic "
curve of height 1/A. Such a curve would be observed i{f all examinees

responded randomly to the item.

e If c, > 1/A, then SSy, > SSy for formula scores.

k

Whenever the lower asymptote exceeds the chance level, the shortened

test is harder than the longer test at all levels oflel

e Ifc, = 1/A, and a, is extremely large, then

k k

ES , = FS_ for all 6\ < b/, and
y y k
FS , = FS -1 for all 6 > L

Hence, SS_, = SS for all 6 < b, ,

y y k

and SS , > 8S_ for all 6 > b, .
- y' ="y ' -k

g
oo
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This item has a lower asymptote at the chance level and exhibits a very

" = 1/A to P =1at 6 = b, In short, it is a highly

discriminating item on which examinees either know the answer or guess

steep climb from P

randomly. While deletion of the item has no effect for those below
6 = b,, the shorter test is harder for those whose 6 > bk' Hence,
)
SSy. > SSy ?%r this latter group.
o If e - 0 and a, is extremely large, then
FSy, - l-‘Sy + 1/(A-1) for all 6/ < bk’ and
K

Hence, SS , < SS for all 8 < b, .
y y k

FSy, - FSy -1 for all 6 > b
SSy, = SSy‘at 6 = bk’ and

SSy, > S§y at @ >.bk'
This 1is a sharply discriminating item that clearly separates.those who
know 1t from those whagfq not. Bwletion of this item from tpe test has
an interesting effecs; The shortgned test 18 harder for those with 6
above bk' and easier for those with 6 below bk' This example
illustrates a general result that follows from the general relationship
stated earlier: Deletion of an item makes the shortened test easier for
examinees who perform below chance level on that item. For all other;.
the test is either as hard or harder than before.

Changes in Individual Examinee Scores

When an item is deleted from a test, the formula score of an
individual examinee may 2r may not change. Wainer (Note 4) referred to
the score on a test that an individual will have when a particular item

.

is deleted from the test as the item's {nfluence function (IIF). In the

2.3 B

v IS
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formula score metric, each and every item has three item influence
functions, one for each possible score on the item (omit, correct, or
incorrect). These three distinct functions are the same across all

items. In the formula score metric, these three 11Fs are:

1

(26) 1IF (FSy. Y, = 1) = -1.0

k

I1IF (FSy. Y, = 0) = 0.0

ok
1IF (FSy. Y = -U/(A D) = 1/ (A1),
Note that the three functions are independent of the examinee's ability
and the item's psychometric properties. They depend solely on the
examinee's response to the deleted item and the number of response

alternatives.

The impact of rounding rules. When exprcssed in the reported scaled

score metric, however, the three item influence functions do depend on
examinee ability and the item's psychometric é;epertiee. In addition.
rdunding conventions for both formula scores and scaled scores impact on
these influence functions, a point overlooked by Wainer (Note 4) in his

treatment of item deletion. For a correct response to the deleted item,

thé influence function is

-1
(27) IFF(SSy, Yk-l) - r 'rfa(Fsy ))),- res(ey(rea(Fsy)))

aa(sy

where in (27), Tes and T refer to the ETS rounding rules for reported
scaled scores and formula scores, respectively. For both the SAT and
the PSAT/NMSQT, reported scaled scores are rounded to two significant
digits, e.g., on the SAT, r88(444.97) = 440, while rsa(445.01) = 450.

In addition, formula scores are rounded to integers, e.g., rf8(15.75) =

-1 :
16, while rf.(l3.25) = 13. 1In (27), Tea (FSy ) = Tea (FSy) - 1.
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For an omit, the influence function is

(28) 11F(ssy, Y, =0) = rss(sy,(rfs(FSy) - rss(sy(rfs(FSy))).

.

because FS , = FS ,
y y

For an incorrect response, there are two possible item influence
functions. If r_(FS_,) = r' (FS ), then equation 28 is the item
. sy 88y
influence function for an incorrect response. If, however,
r (FS ,) = r (FS ) +-1, then the item influence function 1is described
ss Yy ss y
by .

(29) | IIF(SS, ch-l/(Ak-l))=rss(sy,(rfs(FSy)+l) - r;s(sy(rfh(FSy))).

%

In (27)-(29)', note that the item influence function depends on an item

score‘component, namely thg rouqding gonventions for scaled scores and///\;t>

formula scores (r88 and rfs) and the individual's response to the |
—

Qel?ted item (Yk), as well as an equatiﬁg function component (sy and

Sy.); which is affected by the item's psychometric properties and the

examinee'é particular ability level. In (27)-(29), note that the

arbitrary rounding rules can have a noticeable impact.

Parallel Analyses for "Deleting'" Item and Giving Credit to All Options

” The preceding analyses presume that the deleted item is also not
scored. As an alternative to not scoring the deleted item, one can
consider giving credit to all candidates for sll options including omit.
There are pros and cons assoclated with not scoring vs. giving credit to
all options. From a psychometric viewpoint, it makes no difference as

long as the new test is re-equated. From a public relations viewpoint,

howevér. it makes a difference. On the surface, giving crﬁdit appears
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!
'

more palatable than not scoring i&ﬁrbblem item because no raw formula
g : _

scores go down, 1i.e., those whOeéave the keyed response keep the same
' o 44’ .o
formula score, while everyonﬁ‘@lse gets a higher formula score. In
P .
contrast, not scoring the deleted item reduces the formula score of

those who gave the keyed response and increases the¢ scores of some of

those who answered the -item incorrectly. Re-equatﬁ@g yields the same
@ L‘ »

scaled scores for each candidate regradless of which scoring option 1is

used with the deleted item. As a consequence of re-scoring and '

re-equating, the scaled scores for those candidates who originally "got

“the deleted item right" will either go down or stay the same. In

contrast, those who originally "got the item wrong" will retain the same

scaled scores or obtain higher ones. -

Since re-equating makes the scoring option (not score vs. all
options correct) irrelevant, the choice between not scoring and giving
everyone credit should be based on public Eglltiona considerations,
which could differ dependiné on wheth;r the item has a defensible key.
In my opinion, when there is no defensible key, as was the case with the
circles item, it is easier to explain a lower scaled score to a
candidate when not scoring than when scoring all options correct. When
not scoring the deleted item you can tell the candidate: "your score
went down because you had 'correctly' answered an item which has been
dropped from the test because it had no correct key; consequ;ntly your
new raw score 18 one point lower than it was. In contrast, when scdring
all options correct, you might have to say: "while your raw score was
unchanged, everyone was given credit on the item, as a consequence thg

test became easier than it was and your unchanged raw score led to lower

-

scaled score."” When there are several defensible keys, hovever, a
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stronger argument for scoring all options correct exists, as was the !

case with the problem Biology items.

. Scoring all options correct does affeettthe equating functien

‘

differently than the decision to not. score the item. A parallel 7

analysig of equatiﬂg'functions and item influence functions can be ,

)

. ‘ ' : Ty . }
conducted for the decision to score all options correct. Rather than

_ repeat the analyses of the two brecediﬁg sections, I will summarize how

sthey would differ‘from’tﬁe analysis for not séoriné the item. ’ ﬁj o
. ., <

The item influence functions ({;E) for scoring_all‘options correct

. . - 5
“would be o \\3 ,
s M
v ' . ) . . ,.7‘

A

a0 " . IIF(FSy. X =i‘ = ~-1.0 + 1, 0 -= 0.0
IIF(FSy, k=0) = 0.0 + 1.0 = 1.0

IiF(FSy, Yk=-l/(Ak-l) = 17(Ak-1) + 1.0,

.
- G SN

i.e., one point‘higher than the IIFs in (26) for not scoring the item.
. h . > N

When'the item was deleted @nd not scored, the new tewt Y' was harder

s

than the original‘@est Y. When the item 18 scored all gphtions correct,
_however, the new test iéNeasier than the original test. - This impacts on
the equating function analysis. "The ultimate effect is that the R

rs . > -
—equating function for.the qkw test'is alwazs lower than the equating

f

function for the original test, l.e., it 1is easier to obtain a

3? " partigular formula scorean the new test than it was on the original
f::;r . :. ) 3 . — . . .

) test. Hence, for any given formula score, the scaled score on’the

original test exceeds that .of the new test The item 8. psychometric - ,
\ (\ * - 9
properties determine by.how much theﬁe conversions differ, .as will be
) N y )
. uilluetnated in Ehe empirical section of this report. . o -

o e LI
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Summary of Analytical Decomposition . _ .j
The effects of item properties, test pronégkies. individual examinee”' ) N

responses and rounding rules combine to produCe the itamninfluenCe‘v

Y functions in the reported score metric described earliet.u In the

section on the effects on the. equating‘function, the'equating/scaling :

function was decomposed into its oldaform anlvnew form comp0nents as

tdepicted in (18) Then, it was shbwn_that y]the new form components

were affected by item’ deletion.; Finally,, ,vimpaq; of various

{

psychometric properties, such as difficulty and di?stiminationm on these

new form transformations was discusaed and su matiaed°in the section

entitled ‘the effects of item parametefs/on equeting functions.

‘e
¢ ' " Next, the effects of individual examinee’s tesponsea to the deleted

Eiem were examined, and the item influence function was introduced. In

N»the formula score metric. there are three item influence functions, one

for each possible item score, that are independent of*ability and  the
same across all items with the same numberfof reSponse‘alternatives. In
the reported score metric, however, item influence functions.were shown
to depend on examinee ability and changes in the equating function as-

well. -In addition, the impact of rounding rules was noted. In sum, we

t

have decomposed the item deletion effect into its various compdnents.

As a consequence, for any given examinee, we can project their new

* »

reported score from their original formula score, their response to the

deleted item, and the test characteristic function for the original

L

test. Hence, we can project the individual effects for all examinees.

" " .These individual effects culminate into effects on reported score

"

distributions. The‘ultimate effect on reported score distributions
. - depends on the ability distribution in the population of interest and
i R . B ‘
|
|

\ ’ ) ’ ~
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o

that population to the deleted item. ' The

.

the fesponses of members of
particular nature of these effects will vary from setting to setting. “ L

These points are illustrated in the next section with data from the May

1982 administration of the SAT.
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Illustrations of Item Deletion Effects

}
a +
+ Since the circles item appeared on the May 1982 administration of

the SA%,.déta from this administration will be used to illustrate the
effects of item deietion on reported.score distributions and equating
~functions. These data provide answers to several interesting 'what if'
questions. We can examine the effects associated with deleting items ‘
that have certain psychometric characteristics, enabling us to answer
what woﬁld have occurred if theicircles item had different psychometric
characteristics than it had. In particular, six items‘uﬁke sélected for
déletion. Item MD was the most difficult item on the test (bMD = 2.87);
item LD was. the least difficult (b = -2.48). 1In addition to these two
extremes on the difficulty continuum, a highly giscriéinating item

(a,. = 1.73) with a high lower asymptote (cAC = ,27), a highly

AC
discriminatigg item (aAc = 1.48) with a low lower asymptote (cAd = ,05),
a poorly discriminating item (aaC = ,55) with a high lower asymptote
(caC = ,27), and a poorly discriminating item (aac = ,52) with a low
lower asymptote (c .03) were selected for deletion. These four
items are denoted by AC, Acs aC, and ac, respecti\\l Table 2 contains
the item parameters for the jgix items and the circles items.

v

Item Deletion Simulation Pro{edures

The effects of item dele;};ﬁ‘WEre studied in the following manner.
Each of the six items was deleted from the 60-item total test containing
the circles item and the 59-item test that excluded the circles item.

As a consequence, six separate 59-item tests and six separate 58-item

- . a

tests were simulated. Each of these 12 tests will be compared to the
A N

full 60-item test.
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Table 2
\-/

AN

Item Parameter Estimates for Deleted Items

c(lower asymptote)

Item a(discriminatioqli b(diffi;ulgxl
MD .83, 2.88 .15
LD »53 -2,48 .08
AC 1.73 .94 27
Ac . 1,48 2.16 .05
aC +55 1.61 .27
ac .52 .03 .03

Circles 1.30 1.10(:;~ ‘.26

o

31
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One type of comparison focuses on equating/scaling funetions and
differences induced by deletion ofliteAs with cef;ain properties.
Effects o: both rounded and unrounded converted Feores wiil be assessed.
Differenced;ldfs are used to examine these effects.

In addition, effecta of item deletion on examinee formula scores are
assessed. This step necessitated rescoring for a representative sample
of 45,579 examinees, the same set of examinees used to assess the effeei

of deleting the circles item. Differences among rounded and unrounded

scaled scores are summarized. v

Results

Equating/scaling functions. Figure 1 depicts the effects on the

equating/scaling functions produced by deleting the most difficult item
by itself (indicated by the 00000 for rounded scores and.the ----- for
unrounded scores), and with the circles 1:em ( indicated by +++++ for
the rounded scores aﬁd -.-.- for the unrounded scores). In this figure;
and all subsequent figures, the rounded differences are diserete. taking
on one of the five possible values: :20. -10, 0, +10, +20. These
rounded differences are obtaieed by subtracting, for a given formula
score, the re-equated rounded scaled score for the 59-item test (or the
58-item test) produced by deleting the most difficult item by itself (or
by deletion of that item and the circles item as well) from the rounded
scaied score for the original 60-item test. In contrast, the
"unrounded” differences are differences of unrounded scdled score *
conversions that are rounded.to the units place.

This figure and subsequent figures contain an upper and lower panel.

Both panels contain four difference plots, two rounded and two

unrounded, two for deleting a single item (in Figure 1, item MD) and two

-
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Figure 1

Differences in Unrounded and Rounded Equating/Scaling Functions

for the 59-item (and 58-item) Tests Produced by Deletion of the
Most Difficult (MD) Item (and the Circles Item)

) (Original Equating -~ Re-equating)
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for deleting that item plus the circles item. 1In the upper pan l,.tﬁe
differences between the original conversions and those obt; nea by
scoring all options correct and re-equating are plotted. e lower
panel contains the differences between the original conversions and
those obtained by not scoring and re-equating.

Examination QS the bqtfom panel of Figgre 1 reveals t“at, at the
unioQPdea scaled score level, deletion of the most difficult item has a
negligible effect on the equating function for not 9cor14f the item at .
‘formulh scores less tban 50. 1In fact, the only unrounded diffe;;nce
which exceeds -5.0 in magnitude occurs at a formula' score of 59. There
is hardly any effect‘évident on roﬁ%déd scaled score level either. The
rounded differences of +10 that occur for the three formula scores beloﬁ
50 are actually negligible unréunded differences: 294.9656 vs. 295.5527
at a formula score of 4; 384.6948 vs. 385.2297 at a formula score of 14;
514.9980 va: 515.3547 at a formula_acore of 29. The -10 at a formula
"score of 41 18 also the result of a negligible difference, 625.1816 vs.
624.9834, In éhort, de}etién of the most difficult item has very little
effec£ on the equating function for not scorinq-the item because fhe
shortened test is almost as easy‘aa éhe longer test. |

When the circles item‘is also deleted to produce a 58-item test, a
greater effect occurs. .Note. in the bott;m panél. that for formula
scores of 41 and greater, the rounded conversions for the 58-item test
exceed those of the full 60-item test at all but one formula score, 49,
where rounding p}oquces an equal scaled score of 700 becau;e the 60-item
conversion is 695.2595 while the 58-item conversion is 703.8240. The

plot of the unrounded conversion for the 58-item test, denoted by -.-.-,

indicates a noticeable downward slope that begins at about a formula

34
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score of 30. At a formula score of 40, the difference in unrounded

conversions begins to systematically exceed -5.0
this difference exceeds -10 in magnitude. Clearly th
deletion of the circles item has a much greater effect the equating
function‘fer not scoring than did deletion of just the moéb\gifficult

.

item.

L

The upper panel of Figure 1 provides a sharp contrast to the lower
panel of the gsame figure. Here the di{ferences associated with scoring
the item all options correct are debicted. At every formula score, the
roriginal conversions exceed the new conversions that result from
re-equating. Obviously, deletion of the most difficult item and scoring
all options correct has a substantial effect on the equating function.
Iq short, the decision to score a‘difficult item all options correct
makes ;;e\hew test noticeabl; easier than the'old test. Deletion of the
circles item as well merely increases the differentialiin diffieelty.

The contrast between the panels in Figure 1 can illuminate
discussion about the necessity td.re-equate tests after item deletion.
Recall that it was stated earlier that re~equating makes it
psychometrically irrelevant whether the deleted item is scored all
options correct or deleted. Figure 1, as well as all subsequent
-figures, can be used to demonstrate that how one sgores the item becomes
- very important when tﬁe decision is made not to re-eeuate the test after
item deletion. The upper 6ane£“£5flects the differences in scaled
acoees for a given formule score that would be obtained if the original

conversion were used instead of the conversion produced by re-equating

the new test. Except at very 10; and very high scaled scores, and a few

points in between where rounding impacts on tﬁe results, use of the
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original conversién with the adjustment of formula scores resulting from
scoring the flawed item all options correct would yield scaled scores
that were~10 to 20 points higher than what the re-equating would suggest
are appropriate. In short, there would be a sylteﬁatic positive bias
introduced into the scaled scores. :

In contrast, the bottom panel in Figure 1 reveals that use of the

original conversion with the adjustment of formula scores resulting from

«
%

not scoring the flawed iten/would yield scaled scores that were equal to
the scaled scores produced by re-equating except at hlﬁh formuia scores
where the re-equated scores would exceed'the original ébngéézi::s ’
(reflected.by negative differeéces in the bottom panei). In short, the
’decision to not re-equate, if it were made, would méke the scoring
-decision, not score vs. score all options ;orrect, very important:K\\
Giving credit tends to make all scores higher than the re-equated
scores, while not scoring tends to ﬁake all scores lo;er than the same
re-equa;ed scores. In addition, not re-equating allows the psychometric
properties of the deleted items to iﬁpact on the:?ature of these
differences, as will be seen inueubsequent figures.

Figure 2 provides a striking contrast to Figure 1. ﬁere, the
effects of delﬁfing the least difficult item are depicted; Note that
;11 foﬁr diff:}ence plots in the upper panel reflecfnpositive
differences, while all four difference plots in the bottom panel
indicate negative differences, which implies that &1l formula scores
above 6 are easier to obtain on the 60-item test tﬁan on either the
58-item or 59-item tests under not scoring, and hardé} on the 60-item

test than they are under scoring all options correct. In short, all

four difference curves in the bottom banel are consistent with the fact

o
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Figure 2 : -

_Differences in Unrounded and Rounded Equating/Scaling Functions
for the 59-item (and 58-item) Tests Produced by Deletion of the
Least Difficult (LD) Item (and the Circles Item)
(Original Equating - Re-equating)
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that deleting the easiest item provideasa shorter more difficult test,

~ while the upper panel indicates that scoring all options correct makes

éhe test easier. By a férmula score of 2.0, the unrounded conversions
in the bottom panel for both the 58-item and 59-1tei tests exceed -5.0
in magnitude.” Note that at approximately a formula score of 36, the
unrounded difference plot in the bottom panel for the 59-item test has
leveled off, while that of the 58-item test continues to slope downward.
This latter effect, separation of the two unrounded difference plots at
around 30, which also occurs in the upper panel, also occurred in Fiéure
1 and reflects geletion of the circles item.

Examination of Figures 1 and 2 provide insight into what migh;x
happen if one decided not to score a flawed item and not to re-eqﬁate.}
which is quound from a psyéﬁometric va;tage point. 1f the flawed item
were hard, as is the case in Figure 1, the converted scores would agree
up to formula scores in the high fifties (see lower panel). In fact,

use of the original conversion would avoid the three roundoff probléma

at 4, 14, and 29 that were discussed earlier. Deletion of the second

_item, however, introduces consistent differences above 41 that would be

ignor;d if the oriﬁ?nal conversion were used.

While use of the original 60-item conversion on the 59:iteﬁ test
resulting from deleting and not scoring the most difficult item might
not affect scores much, deleting and not scoring the easy item 18
another story. Here, use of the original conversion with the 59-item
and 58-item tests, whose eqd&tiﬁg function differences are depicted in

the lower panel of Figure 2, would yield substantially loyer converted

scores than would re-equating.

-
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Comparisbn of the upper panels of Figures 1 and 2 provides us with

\

insight into what would happen if the decision to score all options
correct were accompanied by a decision t§ n;t re;equaée. As noted in
the discussion of Figuré 1, scoring the most difficult item all options
correct has a profound impact on the equating function compared to
deleting and not scoring that same item. In contrast, the upper panel
in Figure 2 reveals that scoring the easiest item all optiéns correct
only affects low formuia scores, those below 6, while the lower pqnel
reveals that not scoring the easiest item affects almost all scores
above 6. In short, the decision not to re-equate allows both the flawed
iteth's psychometric properties and the scoring decision to impact
significantly on reporfed scores. When there is no re-equating, scoring
the most difficult item all options correct produces the largest scaled
scores, followed by scoring the easiest item all options correct. Also
under no re-equating, not scoring the easiest item produces the lowest
scaled scorés, followed by deleting and not scoring the hardest item.
Hence, not re-equating allows the propertfes of the deleted problem item
and the scoring decision to interact and impact significantly OQ‘t
reported scores. In contrast, re-equating makes the scoring decision
irrelevant and, as will be seen, mitigates the effects of thé deleted
— .
item's peychometrib/ﬁiopertiee.

In the f0ur‘rehaining'§fgurea. attention will be paid to the lower

Ly

‘panels only where discussion will focus on the effects of deletion on

equating and scaling functions. Since re-equating is clearly desirable,
re-equating vs. not re-equating will not be discussed explicitly with'
these figures. The reader, however, cay compare the upper and lower
panels of these subsequent figures to project the effects of re-equating

34
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' . e v
vs. not re-equating. The re-eqdating vs. not re-equating issue witl be
revisited explicitly when the effects on score distributions are
addressed |

Figure 3 depicts the effects of deleting a highly discrimineting
item with a high lower asymptote. item AC. The first thing to note in

e

the figure is that all four difference .curves 1in the lower panel are u

- .

below zero at all formula scores. This follows from the fact that - Co
Cac ™ .27, i.e., the lower-asymptote exceeds chance level per{ormence.‘
Hence, the shortened test is harder than the longer test at all formula
score levels, a point noted earlier in'the analytieel analysis. Another .
aspect worth noting. is that for formula scores below 20, the unrounded o
edifferences are close to zero, a fact that is charactevistic of highly
discriminating items. It should be noted that the circles item was
highly discrininating also, a - 1.30. Observe that the difference
curves begin to descend noticeabiy and level off quickly also, a
characteristic of highly discriminating 1teﬁa.

Figure 4 depicts the effects of deleting another highly
discriminating item, Ac. Item Ac, however, has a loe lower asymptote, .

¢, = .05, and a high difficulty, bAc = 2.16 to accompany its high

Ac
8 " 1.48. As a consequence, the shortened tests are easier than the
60-item test for sizeable portions of ‘the formul’ score range: up to a
formula score of 28 for the 58-item test, and up to a formula score of

45 for the 59-item test. As in Figure 3, sharp declines :Pd leveling

off occur in the difference curves. The nine +10 differences observed
for the rounded 59-item conversion are clearly rounding artifacts. o .
The sharp declines and abrupt leveling off observed in the bottom

panels of the last two figures are not replicated in the next two
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figures, which;depict the effects on equating fﬁnctions gf deleting
items with low diécriminating power. Figure 5 depicts the effects of
dropping the aC item (aaC f .35, baC = l.ﬁl. cc ™ .27), wh}le deletion
of the ac item (aac = .52, bac = .03, e -v.Oﬁ) ig depicted in Figure
&. 1In both fhese figures, the declines in 'th® unrounded difference
curves are gradual..AIn the latter figure, the decline starts sooner
becaqu it 1s an easier item, whicﬂ also acc0uﬁts for the laréer“number
of —Zd\roundeq diffegences evident in this figure. Noge that‘in
contra;t to Figure 5, unrounded differences in figﬁre 6.can be positive
since the lower asymptote is nearly zero.

Figﬁres 1-6 depict the effects of deleting various items from the
full 60-item test on the equating_functions.. Several éffects were
noted. The magnitude of the c-parameter constricts the range of‘the
‘effect. Sufficiently high c-paraméters preclude thé oécurenée of
.negative differences. The location of Fhe b-parameter determines where

the effect occurs along the formula score range, while the a-parameter .
affects the sharpness and é;fation of the effect. In addition to the
effects of these item parameters, we observgq the effects of the
rounding rules. 1In fact, in Figures i and 4, the rounding effects
tendea to be the dominant effects. -
Finally, the discussion of Figures 1l and 2 made it clear that from a
psychometric viewpoint not re-equating 1; }ess desirable than
.re-equating since not re-equating allows the deleted item scoring
decisién and the deleted item's psychometric properties to have
significant impact on the coﬁverted scores. In contrast, re-equating

makes the scoring decision (all d}tions cor}gct vse. not score)

irrelevant and attempts to mitigate the impact of the item's
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Figure 5
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Figure 6 » “\
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psychometric properties. The results presented in the next two Sections
clarify these points.

Equated score distributions after re-equating.. In addition to

altering the equatigg function, déletion 6f'ankitea,caﬁ afféct tﬂe

formula score . of an individual. There are,diffcfent.itém influence

functions for each possible response to the item: correct, incorrect or - -
omit. In additioér the;scoring decison has an impa_ct.~ Here, wé limit |

the discussion to not scoring the delgtedlifem. Those who answered the

- .
deleted item correctly lose one formula score point, those who omitted

thé deleted item keep the same formula score, and those who answered o
incorrectly either retain the same formula score or gain one formula
score point. The ;ffect on the equating function, illustrated in
Figures l-6.hgnd the effects on formula scores combine to impact on
scaled score:. For a group of individuals, these effectﬁ translate into
a distribution of difference scores for that group. Tables 3-8
summarize these distributions of differences resuiting from deleting the
seven items under study..and correspond to Figures 1-6, respectively.
Eacﬁ table contains nine columns, the first of which is scaled score
difference, rangigg from 30 t; -20. The next fo;r columns contain the
absolute and re{ative frequencies for unrounded and rounded differences
between individual's scaled scores on the 59-item test resulting from
item deletion and their original score on the 60-item test. A positive
difference indicates the new score exceeds the original sgo;e. The last
four columns present the same data for the 58-item test produced by

deleting the circles item from the 59-item test. At the bottom of each

table are means, standard deviations, sample sizes and modes.

-
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‘Table 3 contains:the result for the most difficult item; item MD.

' Figufé 1 ia the correzpoﬂding figure depicting equating function
'diffefences. Note that over 71% 6f<the rounded differences -equal zero
for_;hé 59-1tem test. Of the remaining 29.92, slightly more than half"

e T are ;10. In the.unro;nded difference distributions for the 59-item
test.:ovér 73% of the distribution is in the range -2 to 4. 1In
addiéion. there are two other peeks at 8 to 10 and -10 to -5.‘ Note also
that use of the rounding rule tends to spread out differ;nces. e.g.
despite thé fact that the maxim&m unrounded difference is 13, 19 people
receive +20 over their original scaled score. This spreading is
reflected in larger standard deviation for rounded differences. Note
that rdunding also pushes the mean farther from its original value.

Deleting the circles item from the 59-item test has the expected
effect of spreading scores out even more. The trimodal naturé of the

‘_;nrounded distribution is less apparent than it ;as before deleting the

circles item. In addition, differences of -20 are produced for rounded
scores, where only 52.7? of the difference scores are zero. The summary
statistics at the bottom of the table are interesting. As expected,
deletion of the second item increases the spread of both rounded and
unrounded difference scores. More importantly, the mean difference for
rounded scores %s pushed even further from the original mean, whilé ;he
mean of the unrounded acor;a remains relatively close to the original
mean. The iméact of rounding that is evident here will be evident in
shbaequent tables and will tend to be a relatively major factor.

Table 4 portrays the distributional effects produced by deletion of

the easiest item (LD). The trimodality evident with deletion of the

most difficult item is missing in the distribution of unroundcd
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\ Table 3

Distributions of Differences Betveen Re-equated(RE) and Origial(0S) Rounded
and Unrounded Scsled Scores Associsted with Deletion of Itea WD (RE - 03)

Item MD Item MD
Scaled Score 59-item 58~{tem
Difference - unrouhded rounded unroundllj  rounded
- 30.000 0 0.0 0 0.0
29.000 0 0.0 0 0.0
28.000 0 0.0 0 0.0
27.000 0 0.0 0 0.0
26.000 0 0.0 0 0.0 /
' 25.000 0 0.0 0 0.0
24.000 0 0.0 0 0.0
23.000 0 0.0 .0 0.0
- 22.000 0 0.0 0 0.0
21.000 0 0.0 0 0.0
20.000 0 0.0 19 0.0 0 0.0 362 0.8
19.000 0 0.0 0 0.0
18.000 0 0.0 25 0.1
17.000 0 0.0 42 0.2
16.000 0 0.0 106 0.2
15.000 0 0.0 241 0.5
‘ ‘ 14.000 . . <0 0.0 231 0.5 .
o 13.000 4 0.0 459 1.0
12.000 19 0.0 443 1.0
. 11.000 6 0.0 595 1.3
' 10.000 308 0.7 6247 13.7 1163 2.5 9854 21.5
9.000 2527 5.5 - 5570 12.2
8.000 3673 8.0 317 0.7
7.000 9 0.0 265 0.6
6.000 15 0.0 713 1.6
5.000 0 0.0 597 1.3
4.000 21 0.0 719 1.6
' 3.000 80 0.2 1466 3.2
2.000 320 0.7 1851 4.0
1.000 1497 343 4663 10.2
0.0 22306 48.7 32514 71.1 10912 23.8 24098 52.7
-1.000 9357 20.4 3 0.7
-2.000 4l 0.1 671 1.5
-3.000 0 0.0 532 1.2
-4.000 25 0.1 1130 2.5
-5.000 112 0.2 779 1.7
-6.000 218 0.5 917 2.0
-7.000 369 0.8 1777 - 3.9
-8.000 464 1.0 4670 10.2
-9.000 3828 8.4 2736 6.0
-10.000 560 1.2 6979 15.3 160 0.3 10514 23.0
-11.000 0 0.0 179 0.4
-12.000 0 0.0 60 0.1
-13.000 0 0.0 145 0.3 v
«14.000 0 0.0 144 0.3
-15.000 0 0.0 200 0.4
-16.000 0 0.0 202 0.4
-17.000 0 0.0 520 1.1
-18.000 0 -0.0 197 0.4
-19.000 0 0.0 7 0.0
=20.000 0 0.0 0 0.0 931 2.0
"N 45759 45759 45759 45759
Mean . .01 - .15 - .03 - .3
S.D. 4.47 5.39 6.85 7.46
Q 43 '
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Table & .

Distributions of Differences Between lo-cqua‘ud(l!) and 0Original(0$) Rounded
and Unrounded Scaled Scores Associated with Deletion of Item LD (RE - 08)

Itea LD ‘ Item LD

Scsled Score ‘ 59-1tem .58~ tem )
- Differencs unrounded rounded unrounded ~ rounded .
30.000 0 0.0 0 0.0 10 0.0
29.000 0 0.0 0 0.0
28.000 0o 0.0 3 0 0.0
27.000 0 0.0 0 0.0
26.000 0 0.0 0 0.0
25.000 - 0 0.0 0 0.0
2%.000 . 0 0.0 13 0.0
L /23,000 0 0.0 27 0.1
S 22\230 0 0.0- 14 0.0
21.000 0 0.0 ‘ 45 0.1
20.000 0 0.0 610 1.3 26 0.1 1080 2.4
19.000 0 0.0 38 0.1
18.000 105 0.2 109 0.2
17.000 126 0.3 376 0.8
16.000 534 1.2 333 1.2
oL - 15.000 178 0.4 ! 367 0.8
- - 14.000 116 0.3 239 0.5
. 13.000 6 0.0 345 0.8
12.000 20 0.0 245 0.5
11.000 0 0.0 466 1.0
10.000 10 0.0 2819 6.2 533 1.2 77%1 17.0
9.000 293 0.6 71 2.1
8.000 642 1.4 2037 4.5
7.000 1532 3.3 1481 3.2
6.000 702 1.5 1038 2.3
5.000 303 0.7 1016 2.2
4.000 181 0.4 8 1.7
3.000 355 0.1 1487 3,2
2.000 22 0.0 1767 3.9
1.000 21 0.0 2741 6.0
0.0 9573 20.9 37088 81.1 5804 12.7 25055 54.8
-1.000 21936 48.0 3938 13.0
~2.000 6084 13.3 3173 6.9 .
-3.000 2122 4.6 1826 4.0
-4.000 645 1.4 1212 2.6
-5.000 31 0.7 1434 3,1
-6.000 145 0.3 998 2.2
-7.000 31 0.1 1330 2.9
-8.000 42 0.1 2926 6.4
-90000 0 0.0 2‘2‘ 503
-10.000 0 0.0 5242 11.5 1066 2.3 11484 25,1
~11.000 0 0.0 502 1.1 .
~12.000 0 0.0 200 0.4
-13.000 0 0.0 3 0.2
~-14.000 0 0.0 31 0.1
~-15.000 0 0.0 52 0.1
-16.000 0 0.0 14 0.0
-17.000 0 0.0 0 0.0
-18.000 0 0.0 0 0.0
-l’oom 0 0.0 0 0.0
-20.000 0 0.0 0 0.0 33 0.7
| 43759 43759 45759 - 45759
Mean - ,08 - .26 - .08 - o“
S.D. 30‘5 ‘.7’ 6.‘1 7.3. -
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differences in thig table. Deletion of this item produces even more
zero differences than deletion of the hard item. The mean differences,"
however are more negative for this item. When Tables 3 and 4 are placed
side by ;1de, it becomes apparent that rounding and the fact that an
item 18 being deleted have bigger effects than do the psychometric
prope&ties of the item. .These facts are most evident in the summary
statistics.

Tables 5-8 contain the résults summarizing the distributio;al
effects produced by deleting.the AC, Ac, aC, and ac items,'respectively.
Table 6 is the most unique of these four tables. The other three tablel}
re;eal that deletion 6f the AC, aC or ac item has more effect on scaled
scores than deletiom, of either the most difficult or least difficult
item, a result consistent with the psychometric expectation that
deletion of items of middle difficulty will have a greater effect_on
gcore distributions than deletion of very hard or very easy items. The
standard deviations ;epotted 1n‘these tables summarize this effect.

Note, however, thatbthe fact that items are to be deleted and scores
rounded tend to have sizeable effects as well. In conjunction with
Tables 1 and 2, these three tables providé evidence for the complex
interaction of rounding rules, the act of deletion, and psychometric

properties. In all six tables, the standard deviation of rounded

differences for the 58-item test exceeds that of the unrounded

differences. The same ordered relationship holds for the 59-item test.

This consistent ordering reflects the iﬁpact of rounding. The act of

item deletion accounts for the fact that the 58-item standard deviation

exceed the 59-item stsandard deviations, which exceed zero. Finally, the
] . ¢

impact of pnychomeirtc éharactetistics is evident in the differences

across tables in the magnitudes of the standard deviations.

50 | .
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. Teble S
A Dietributione of Differences Between Re-equated(RE) end Original(0S) Rounded
and Unrounded Sceled Scoree Aesocieted with Deletion of Item AC (RE - 03)
Item AC Item AC
Sceled Score 59-item 580-item
Difference unrounded rounded unrounded rounded
30.000 0 0.0 0 0.0 90 0.2
29.000 0 0.0 0 0.0 ]
28.000 0 0.0 0 0.0
27.000 0 0.0 0 0.0 R
26.000 0 0.0 0 0.0
25.000 0 0.0 0 0.0 .
24.000 0 0.0 25 0.1
K 23.000 0 0.0 57 0.1
™ 22,000 0 0.0° 32 0.1
21.000 0 0.0 - 88 0.2
* 20,000 0 0.0 466 1.0 80 0.2 ‘1957 4.3
19.000 0 0.0 107 0.2
18.000 0 0.0 103 0.2 :
17.000. 0 0.0 106 0.2
16.000 326, 0.7 207 0.5
15.000 223 0.5 332 0.7 }
14.000 234 0.5 . 636 1.4
13.000 393 0.9 299 0.7
12,000 460 1.0 713 1.6
11.000 451 1.0 1101 2.4
10.000 1142 2.5 10096 22.1 6347 13.9 12429 27.2
9.000 5242 11.5 221 0.5 s
8.000 ‘264 0.6 . 254 0.6 4
7.000 241 0.5 468 1.0
6.000 352 0.8 603 1.3
5.000 403 0.9 1031 2.3
4.000 614 1.3 , 585 1.3
3.000 698 1.5 1526 3.3
2.000 1986 4.3 . 2289 5.0
1.000 4284 9.4 7844 17.1
! © 0.0 ¢ 10815 23.6 23793 32.0 782 1.7 19839 43.4
-1.000 1864 4.1 1456 3.2
=-2.000 890 1.9 1164 2.5
-3.000 1124 2.5 763 1.7
-4,000 1049 2.3 1077 2.4
-5.000 1206 2.6 1196 2.6
«6.000 1151 2.5 1683 3.7
-7.000 - 2118 4.6 3345 7.3
~ -8.000 5212 11.4 4857 10.6
-9.000 3017 6.6 510 1.1 .
«10.000 0 0.0 11404 24.9 211 0.5 10141 22.2
-11,000 0 0.0 268 0.6
-12.000 0 0.0 510 1.1
=-13.000 0 0.0 221 0.5 -
-14.000 0 0.0 431 0.9 R
-15.000 -0 0.0 619 1.4
«16.000 0 0.0 930 2.0
-17.000 0 0.0 6135 1.3
-18.000 0 0.0 67 0.1
=-19.000 0 0.0 0 0.0 .
=20.000 0 0.0 0 0.0 1303 2.8
N 45759 45759 45759 45759
Mean - .02 - = .08 .07 -84 ' }
§.D. 6.22 7.15 8.12 8.88 .
oL
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¢ < Teble 6

Diatributiona of Differences Betveen lc-cquntu‘!(l!) and Original(0S) Rounded
and Unrounded Scaled Scores Associsted with Deletion of Item Ac (RE ~ 08)

v . N

Item Ac Item Ac
Scaled Score 59-item i S8-item
. Difference . . “uarounded rounded unrounded rounddd
. 30.000 0o 0.0 0 0.0 4 0.0
R 29.000 0" 0.0 o 0.0 -
: 28.000 0o 0.0 . ‘0 0.0
l 27.000 0 0.0 -~ o 0.0
. 26.000 0 0.0 : 0. 0.0
g 4 25.000 | 0 0.0 0 0.0
- . 24.000 0 0.0 0, 0.0 L
e ‘ 23.000 0 _ 0.0 4 0.0 ’ .
22-000 b} O ' 0.0 0 N 0-0 N g
21.000 0 0.0 | S . 0.0 T '
20.000 0- 0.0 17 0.0 20 0.0 415 0.9
19.000 o 0.0 . 2 0.0 ’ . )
. . 18.000 ~ 0 0.0 . 19 0.0 - . .
170000 - 0 0.0 « 72 0-2 " +
. 16.000 0 0.0 ' 70 0.2 ‘
. : 15.000 17 0.0 ) . 169 0. - . , :
14.000 1 0.0 . 173 0.4 g
13.000 o 0.0 283 0.6 . .
12.000 109 0.2 437 1.0 . ’
Lo 11.000 25 0.1 402 0.9 . S
. “10.000 181 0.4 6019 13.2 842 1.8 9702 21.2 . A
9.000 329 ‘0.7 : 1315 2.9
8.000. 1979 4.3 6432 14.1 i \ .
. 7.000 5086 11.1.¢ 402 0.7
6.000 S 0.1 414 0.9 ‘
$.000 74 0.2 310 0.7
4,000 ° 44 0.1 ) 623, 1.4 : . -
3.000 154 0.3 760 1.7
. R 2.600 3s1 0.8 < . 14077 3.1
1.000 358 0.8 1767 - 3.9
.. 0.0 1164 2.5 30839 67.4 4180 9.1 24246 53.0
. =1.000 6721 14.7 ) 12338 27.0 .
-2.000 25939 56.7 358 0.8
-3.000 12 0.3 . 701 1.5
-4.000 11 0.2 .» 370 0.8
-5.000 1% 0.3 T748 1.6 .
-6.000 119 0.3 746 1.6
~ -7.000 242 0.5 869 1.9 !
-8.000 195 Oué 163% 3.6
-9.000 33 0.7 4098 9.0
\ -10.000 97 2.2 8772 19.2 2883 6.3 10934 23.9
-11.000 909 2.0 180 0.4 &
-12.000 0 0.0 sl 0.2 . .
-13.000 0 0.0 s2 0.1
-14.000 0 0.0 103 0.2
-15.000 0 0.0 130 0.3
-16.000 0 0.0 71 0.2
-17.000 - 0° 0.0 ] .73 0.2
. -18.000 0 0.0 194 0.4
. -19.000 .0 0.0 108 0.2
-20.000 0 0.0 * 112 0.2 16 0.0 438 1.0 .
" “43759 45799 43739 - 437%9
. Mean - <58 - .64 - .35 - .29
$.D. 4.23 5.75 - 6.65 . 1.26 L '

O
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Aruitoxt provided by Eic:
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Teble 7

-

Distributions of Differences Betveen Re-equated(RE) end Originsl(0S) Rounded
and Unrounded- Sceled Scores Associated with Deletion of Item aC (RE - 08)

. Item oC Item aC
Scaled Store 59-1tem S8~item

Differencs ~ unrounded rounded unrounded rqundod

30.000 0 0.0 0 0.0
29.000 0 0.0 0 0.0
28.000 0 0.0 0 0.0
27.000 0 0.0 0 0.0 .
26.000 0 0.0 - "0 0.0
25.000 0 0.0 0 0.0
24.000 .0 0.0 0 0.0
23.000 0 0.0 0 0.0 I
22.000 0 0.0 8 0.0 o
21.000 0 0.0 3% 0.1 /
20.000 0 0.0 $SS 1.2 114 0.2 179% 3.9
19.000 0 0.0 74 0.2
18.000 0 0.0 131 0.3 /
17.000 0 0.0 178 0.4 ; .
16.000 0 0.0 181 0.4 ,
15.000 12 0.0 329 0.7 |
14.000 3 0.1 469 1.0 i
13.000 931 2.0 431 0.9 '
12.000 640 1.4 1091 2.4
11.000 877 1.9 3533 7.7
10.000. 1843 4.0 9618 21.0 352 0.8 11825 25.8
9.000 10 0.0 372 0.8
8.000 0 0.0 37 1.2
7.000 15 0.0 647 1.4
6.000 8 0.2 804 1.8
5.000 900 2.0 1426 3.1
4.000 2667 5.8 1901 4.2
3.000 4302 9.4 4355 9.5 Ca
2.000 10846 23.7 6615 14.5
1.000 5349 11.7 116 2.4
0.0 32 0.1 25497 S$5.7 780 1.7 20311 44.4
-1.000 74 0.2 381 0.8
. -2.000 284 0.6 93 2.0
-3.000 811 1.8 1687 3.7
~4.000 1444 3.2 1872 4.1
~5.000 2258 4.9 2764 6.0 - ,
-6.000 6089 13.3 3728 8.1
~7.000 4470 9.8 3524 7.7
~8.000 1763 3.9 %04 2.0
~9.000 0 0.0° 230 0.5
~10.000 0O 0.0 10089 22.0 468 1.0 40693 23.4
~11.000 0 0.0 426 0.9
-12.000 0 0.0 399 0.9
~13.000 0 0.0 7173 1.7
-14.000 0 0.0 1132 2.3 .
~15.000 0 0.0 _s18 TI.d )
-16.000 0 0.0 420 0.9
-17.000 0 0.0 118 0.3 .
-18.000 0 0.0 0 0.0
~19.000 0 0.0 0 0.0
-ZOQM 0 0.0 0 0.0 113‘ 2.5

] 45759 45739 45739 43759
Mean .06 .14 ) .34
s.D. 5.4) 6.92 7.56 8.63

.
o
-~




- 49 -

R A F
Teble 8 LS
Distributions of Differences Between Re-equated(RE) end Original(0$) Rounded
end Unrounded Scaled Scores Associeted with Deletion of Item ec (RE - 08) g
Item ec Item ec ‘
" Scaled Score $9-1tem ) Ss-item |
Difference . unrounded rounded uarounded rounded :
30.000 0 0.0 0 0.0 64 0.1 . |
29.000 0 0.0 0 0.0 .
28.000 0 0.0 0 0.0
& 27.000 0 0.0 ‘ 0 0.0 ,
26.000 0 0.0 0 0.0
25.000 0 0.0 0 0.0 g . t
24.000 0 0.0 0 0.0 «
23.000 0 0.0 13 0.0
22.000 0 0.0 6S 0.1 ¢
21.000 0 0.0 92 ‘/g.z
. 20.000 0 0.0 9 2.0 133—0.3 1910 4.2
‘19.000 0 0.0 128 0.3 :
18.000 0 0.0 81 0.2 2
17.000 0 0.0 287 0.6
. 16.000 0 0.0 218 0.3 ,
15.000 798 1.7 392 0.9
14.000 AM4 1.0 470 1.0
13.000 452 1.0 73 2.1
12.000 79 1.6 - 1227 24 '
11.000 1274 2.8 1606 3.3 ‘ '
10.000 799 1.7 8302 18.6 1285 2.8 10815 23.6
9.000 354 0.8 783 1.7 :
8.000 70 0.2 63 1.4
7.000 Al 0.9 687 1.3
6.000 1578 3.4 12600 2.8
$.000 1779 3.9 1583 3.5
4.000 2313 .1 2098 4.6
» 3.000 3223 7.0 2441 3543 :
2.000 15 8.1 819 6.2 { .7
1.000 2512 5.3 2148 4.7
0.0 1483 3.2 23258 55.2 1932 4.2 20257 4A.D '
-1.000 1702 3.7 ‘ 1478 3.2 ‘ -
-2.000 2043 4.8 1703 3.7
-3.000 3069 6.7 2166 4.7 "
-4.000 < 4896 10.7 2767 6.0 !
-5.000 4902 10.7° 3228 7.0 - ’
-6.000 W12 7.8 2208 - 4.8 >
-7.000 1883 4.1 2118 4.6
-8.000 1307 2.9 1197 2,647
-9.000 433 1.0 %0 2.1
-10.000 161 0.4 11100 24.3 726 1.6 11452 23.0 3
-11.000 0 0.0 ' 826 1.8 ,
~12.000 0 0.0 s 1.9
-13.000 0 0.0 900 2.0
-14.000 0 0.0 . 325 1.1
-15.000 0o 0.0 3% 03 .
-16.000 0 0.0 211 0.3
-17.000 0 0.0 13 0.3
-18.000 0 0.0 S 0.1 J
-19.000 0 0.0 2% 0.1 |
-20.000 0 0.0 0 0.0 1261 2.8 ‘
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The mean differences demonstrate the interaction between rounding

l/: |

and numbef of items deleted.”'With the excepfion éf Table 6;‘most”me;n
.unrounded differences are close to zero. In qoﬁtﬁast, fhe abéolute
v%%ue éf the mean rounded differences for the 59-item tests are fék{?e
}a%gé‘.0§ to .15, while those for the 58-item tests_are in the range .19
to\¥847 Rounding exaggbratés the item deletion effecf.

Table 6 is the eégeption to the rule. ‘It;m Ac is the only item for
)whic the psychometric properties have much of an imﬁactwbn mean
unrounded differences. This.item is highl& diécriminétigg (aAc = 1.68).
abo;e average in'dffficqlty (BAc = 1,48), and has a low c-parameter -
(cAc = .05). Recall that when discussing Figure 5, it was noted that
the shortened tests were easier than the original 60-item test for most‘
»of the formula score distribution. As a conse&uence. many more peoplé
were affected negatively as a ¢onsequence of deleting this itéﬁ’?;;;ip.
were affe;ted_negatiyely by deletion ‘of the other items. If this itEm
had been of middle difficulty, the resuléantestandard dgviétion of
differences would have been larger than any of those observed, and the

=

mean difference of unrounded scores would have been close to zero. 1In
"y

short, the high a-parameter and low c-parameter allow the difficulty

parameter to have its maximum effect.

NG

To re-equaté or not to re-equate. Tables 9-14 parallel Tables 3-8

- and illustrate what would happen to scaled score distributions if after

‘the flawed 1tems were scored -all.options correct, a decision was made to

¥

. . - ‘ .
not re-equate. These six tables contgin differences between scaled N

" gcores based on re—equating and scaled scores based on using the

original comversions on the "all options correct” adjusted formula

scores. In all six tables, all differences, rounded and unrounded, are

55

4
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t@“‘s non—degative, indicating that use of the original conversions with the
"all optiods correct” adjusted formula scores introduces a positive
bias, i.e., these "converted" scores are always as high or higher than
the apprOpriated converted score resulting from re-equating after
deletion. Note that all non-negative differences are consistent with

the upper panels in Figures 1-6.

The extent of the positive bias clearly is related to the

w

psychometric pfoperties of the deleted item, in particular its
difficulty level: the more difficult the de(ét;d item, the larger the
positive bias. Thé mean differences in Tables 9-14 reflect thé éx%ent
of positive bias. .
The final point to note in Tables 9-14 is that the decision not to

ré4gquate has enabled the deleted item's psychometric properties to have
the dominant impact on reported scores. In contrast, re-equating put
the item's ;ropertiés on a par with the arbitrary rounding effects.

" Clearly, re-equating after item deletion'is necessary from a

psychometric viewpoint.
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Table 9

i

Distributions of Differences Between Unrounded and Rounded
Scores Associated with Scoring Item MD All Options Correct and
Using Original Equating(OE) vs. Re—equating(RE): (OE - RE)

Scaled Score
Difference

20.000
19..000
18.000
17 .000
16 .000
15.000
14,000
13.000
12.000
11.000
10.000

9.000

. 8.000
7.000
6.000
5.000
4.000
3.000,
2.000
1.000
0.0

N
Mean
S.D.

-

Item MD Item MD
59-itemd@ 58-itema
unrounded rounded unrounded rounded
0. 0.0 0 0.0 28854 63.1
0 0.0 133 0.3
0 0.0 9238 -20.2
0 0.0 19969 43.6 ,
0 0.0 4894 10.7
0 0.0 3052 6.7
0 0.0 1854 4.1
0 0.0 1575 3.4
0 0.0 610 1.3
0 0.0 o 1253 2.7 .
5754 12.6 41905 91.6 936 2.0. 16052 35.1
35807 78.3 770 1.1
2050 4.5 565 . 1.2
1271 2.8 ' 358 0.8
524 1.1 192 0.4
222 0.5 230 0.5
. 40 0.1 43 0,1 .
0 0.0 0 0.0
58 0.1 57 0.1
0 0.0 0. 0.0
33. 0.1 3854 8.4 30 0.1 853 1.9
45759 45759 45759 45759
8.95 9.16 15.86 16.12
5¢24 -

.78 2.78 2.69

3p1though the 59-item and 58-item tests literally are both 60-items
long when the problem item(s) is (are) scored all options correct,
the headings remain 59-item and 58-item for two reasons: (1) To
facilitate comparison of these results with those obtained when the

. deleted item(s) is (are) not scored;  (2) These 60-item tests are

figuratively 59-item and 58-item tests because individual candidate
responses to the deleted item or items are ignored.

Q7
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Table 10
N
Diséributﬁpns of Differences Between Unrounded and Rounded
Scores Assoclated with Scoring Item LD All Options Correct and
'Using Original Equating(OE) vs. Re-equating(RE): (OE - RE)

. Item LD ‘ Item L;\\
Scaled Score 59-1tem® 58-1tem?
Dif ference unrounded rounded ~ unrounded rounded
20.00 0 0.0 0 0.0 2381 5.2
g 19.00 0 0.0 0 0.0
18.000 0 0.0 0 0.0
17.000 0 0.0 0 0.6
16.000 0 0.0 121 © 0.3
15.000 0 0.0 261 0.6
14.000 -0 0.0 227 0.5
13.000 0 0.0 901 2.0
12.000 0 0.0 1396 3.1
11.000 0 0.0 3522 7.7
10.000 .0 0.0 6498 14.2 6004 13.1 33407 - 73.0
9.000 0 0.0 : 10147 22.2 -
8.000 76 . 0.2 9301 20.3
7.000 63 0.1 > 3355 ® 7.3 .
6.000 227 0.5 2095 4.6
5.000 © 515 1.1 2575 5.6 '
4.000 1051 2.3 1452 3.2
7 3.000 3002 6.6 1689 3.7
} 2.000 7329 16.0. 1129 2.5
+ " 1.000 - 23645 51.7 1140 2.5
0.0 9851 21.5 39261 85.8 444 1.0 9971 21.8
N 45759 45759 45759 45759 -
Mean 1.23 1.42 7.98 ’ 8.34
S.D. 1.11 ‘ 3.49 2.82 4.92°
\

8A1though the 59-item and 58-item tests literally are both 60-items
long when the problem item(s) is (are) scored all options correct,
the headings remain 59-item and 58-item for two reasons: (1) To
facilitate comparison of thege results' with those obtained when the
. ted item(s) 1s (are) not scored; (2) These 60~item tests are
. | figuratively 59-item and 58-item tests because individual candidate
% responses to the deleted item or items are ignored.

\,fu¢'\\\>¥ -
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. : ’///’\\’/) Table 11

Distributions of Differences Between Unrounded and Rounded -
: Scores Associated with Scoring Item AC All Options Correct and
- Using Original Equating(OE) vs. Re-equating(RE): (OE - RE)

' ’ Item AC * Item AC
Scaled Score : 59-item8 - 58-item @
Difference unrounded - rounded &= unrounded rounded
s 20.000 0 0.0 0 0.0 18495 40.4
19.000 0 0.0 0 0.0
18 ..000 0 0.0 1283 2.8 >
17.000 ’ 0 0.0 10190 22.3
16.000 - 0 0.0 12827 28.0
15.000 0 0.0 5347 11.7
14,000 0 0.0 2555 5.6
13.000 0 0.0 1178 2.6
12.000 0" 0.0 2429 5.3
11.000 0 0.0 1033 2.3 .
110.000 0 0.0 31351 68.5 882 1.9 20900 45.7
9.000 10314 22.5 1001 2.2
8.000 17606 38,5 897 2.0 ,
7.000 5110 11.2 841 1.8 '
6.000 © 2355 5.l 707 1.5
5.000 2074 4.5 561 1.2
4.000 1725 3.8 1228 2.7
o -~ 3.000° 1604 3.5 510 1.1 :
. . 2.000 1184 2.6 1030 2.3
1.000 2239 4.9 812 1.8
0.0 1548 3.4 14408 31.5 448 1.0 6364 13.9
&
N - 45759 45759 45759 45759
Mean ) 6.78 6.85 13.56 12.65
S.D. . 2.54 4.64 4.54 6.88
"\
X 4

8Although the 59-item and 58~item tests literally are both 60-items
long when the problem item(s) is (are) scored all options correct,
the headings remain 59~item and 58-item for two reasons: (1) To
facilitate comparison of these results with those obtained when the
deleted item(s) is (are) not scored; (2) These 60-item tests are
figuratively 59-item and 58-item tests because individual candidate
responses to the deléted item or items are ignored.

<

2dJ




Table 12

Distributions of Differences Between Unrounded and Rounded
Scores Assoclated with Scoring Item Ac All Options Correct and
Using Original Equating(OE) ws. Re-equating(RE): (OE — RE)

/'\
Item Ac

Item Ac
Scaled Score 59-item® 58-item 8
Difference unrounded rounded unrounded rounded
v
20.000 0 0.0 2703 5.9 574 1.3 31506 68.9
19.000 0 0.0 9669 21.1
18.000 0 0.0 21481 46.9
. 17.000 0 0.0 3483 7.6
16.000 0 0.0 1982. 4.3
15.000 0 0.0 1893 4.1
14.000 0 0.0 1584 3.5
13.000 0 0.0 622 1.4
12.000 0 0.0 689 1.5
11.000 17646 38.6 1122 2.5 '
10.000 23301 50.9 41872 91.5 424 0.9 13331 29.1
9.000 1789 3.9 390 0.9
8.000 , 879 1.9 397 0.9
7.000 748 1.6 313 0.7
) 6.000 302 0.7 242 0.5
5.000 349 0.8 122 0.3
4.000 233 0.5 247 0.5 ‘
3.000 194 0.4 202 0.4
2.000 140 0.3 . 137 0.3
1.000 94 0.2 102 0.2
0.0 . 84 0.2 1184 2.6 ° B4 0.2 922 2.0
N 45759 45759 45759 45759
Mean 10.07 10.33 , 16.81 16.68
S.D. 1.37 2.90 3.22 ) 5.12

'Although,the 59-item and 58-item tests liCerdaly are both 60-1items
long when the problem item(s) 1s (are) scored all options correct, S
the headings remain 59-item and 58-item for two reasons: (1) To
facilitate comparison of these results with those obtained when the
deleted item(s) is (are) not scored; (2) These 60-item tests are
figuratively 59-item and 58-item tests because individual candidate
responses to the deleted item or items are ignored.

: | 6u




Table 13

pistributions of Differences Between Unrounded and Rounded

Scores Associated w

Scoring Item aC All Options Correct and

Using Original Equating(OE) vs. Re-equating(RE): (OE - RE)

Scaled Score
Difference

20.000
19.000
18.000
17 .000
16.000
15.000
14.000
13.000
12,000
11.000
10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000
0.0

N
Mean
SIDI

unrounded

CO0O0O0O0O0O0O0OOO
cocoO00cO0OO0O0O

[ ] L ] [ ] . - ® -

ooo

[~
[~ )
o
w

14771
15948
4424
2312
1143
354
96

26

W W e
OCOOMNMNWVMYVSNSOO
e o e ©® o o ®w o o o @

NOWMEHENVWONROOOO

45759
6.30
1.24

L]
[eNeNeNoNe)

Item aC
59-1itea®

rounded unr

2188
7446
6759
11956

5065 -

2312
1946

28435 62.1 1817
} 816

) 1289
1239

861

~ 135

545

493

168

. 98

17324 37.9 26

45759
6.21
4.85

ounded

Item aC
58~itema
rounded

14655 32.0

J

27990 '61.2

3114 6.8

45759
12.52
5.70

8)1though the 59-item and 58-item tests literally are both 60-items
long when the problem item(s) is (are) scored all options correct,
_ the headings remain 59-item and 58-item for two reasons: (1) To

facilitate comparison of these results with those obtained when the

deleted item(s) is (are) not scored; (2) These 60-item tests are

figuratively 59-item and 58-item tests because individual candidate

responses to the deleted item or items are ignored.




Table 14

Distributions of Differences Between Unrounded and Rounded
Scores Associated with Scoring Item ac All Options Correct and
Using Original Equating(OE) vs. Re-equating(RE): (OE.- RE)

Itea ac Item ac
Scaled Score 59-item® 58-iten ®
Difference unrounded tounded unrounded rounded
20.000 0 0.0 0o 0.0 14136 30.9
19.000 0 0.0 674 1.5
18.000 0 0.0 1479 3.2 )
17.000 o 0.0 3115 6.8
'16.000 0 0.0 3482 7.6
15.000 0 0.0 4196 9.2
14.000 0. 0.0 5000 10.9
13.000 0 0.0 6763 14.8
12.000 0 0.0 5297 11.6
' 11.000 0 0.0 3620 7.9
10.000 953 2.1 . 25092 54.8 2337 5.1 26046 56.9
9.000 2174 4.8 ' 1869 4.1
8.000 4532 9.9 960 2.1 —
7.000 5126 11.2 1668 3.6 '
4 6.000 7593  16.6 1271 2.8
5.000 9287 20.3 1210 2.6
4.000 7899 17.3 824 1.8
3.000 4383 9.6 726 1.6
2.000 2581 5.6 800 1.7
1.000 1157 2.5 397 0.9 : \
0.0 74 0.2 20667 45.2 71 0.2 5577 12.2
N 45759 45759 45759 45759
Mean 5.34 5.48 12.09 11.87
S.D. 2.04 4.98 3.98 6.29

aAlthough the 59-item and 58-item tests literally are both 60-items
long when the problem item(s) is (are) scored all options correct,
the headings remain 59-item and 58-item for two reasons: (1) To
facilitate comparison of these results with those obtained when the
deleted item(s) is (are) not scored; (2). These 60-item tests are

SN figutratively 59-item and 58-item tests because individual candidate
o Tesponses to the deleted item or items are ignored.

6
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Conclusiona

This report hah preeented a formal analysis of the effects of item
deletion on equating/scaling functions and on reported eébre
distributions. The'analyeie, based on item response theory, was used to
decompose the item deletibn effect into its constituent elements. Tﬁia
analysis was supplemented by empirical {1lustrations drawn from the May
1982 ‘administration of the SAT-Mathematical test that contained the |
circles iten. " \\\‘

The item deletion effect can be separated into several components.
Deletion introduces changes in the equating function that maps formula
scores onto the reported score scale. The psychometric characteristAcs
of item and rounding rules £of‘scaied scores’contribute to the change 'in .. .. o
equating funﬁtion. An item's difﬁiculty detC{Pines where the change in
equating function occurs along the formula score continuum. Deletion of
a very difficult item can have no substantial effect on the equating
function when the item is not scored. Deletion of an easy item under
the not score condition, however, can have a very noticeable effect. 1In
contraa;,(scoring the item all oﬁtionﬁ correct makes deletion of the
easy item essentially transparent and deletion of the hard item quite
noticeable. An item's discriminaéing power determines the abruptness
and direction of the effect. Deletion of a highly discriminating item N

/\\\produces an abrupt change in the equating function near the item's
difficulty parameter. In contrast, deletion of a poorly discriminating ’ . .
item produces a gradual shift that affects more of the scores centered
around the item's difficulty level. Finally, the item's susceptibility

to guessing modulates thJ effect. Deleting an item with a high lower

asymptote precludes the occurrence of positive differences in equating

~ b,
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functions under the not score condition.. Deletion of an item with a
very low lower asymptoté will yield positive differenceé, the number of
+which in;rease with the difficulty and diécriminating power of the item.

The 1llustrative data demonstrated the importance of rounéing rules .
for scaled scores. Wh‘le the f§rma1 analysis referred to the impact of
the rulés, the illusﬁzztions vividly portrayed their impact. In many
cases under re-equafing('roﬁnding has a larg;.if not .a largerAeffect on
‘reported scores than the psycHometric propertiés of the item. The same
can be said for the act of item deletion itself. Deleting an item in
general will have an effect on reported score distributions, a greater
effect, in fact, than the particular ps}chometfic properties of thp’
deleted item, provided that re-equating is performed.

The reason that the psychometric properties of the‘;tey Fend to have
a smaller effect on reported score distribution differences than either |
rounding the scaled scores or ;he act of item deletion is re-equating.
Re-equating, particularly via item response theory, compensates for the
loss of the deleted item's psychometric properties. As a corollary,

deletion without re-equating allows the deleted item's properties to

have a more substantial impact. This fact explains why re-equating 1is

psychometrically desirable after an item is deleted.
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