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Abstract

Item Option- Weighting

1

TT
_Previoustrestatch has studied the effects of different methods of item

.
..

option weighting on the. reliability and concurrent an-d,predictivevalidity,

. of achievement tests. -Generally increases in reliability are found but with

Mixed results for validity. This research attempted to interrelate severhl

methcas of producing option. weights, (i.e., Guttman internal and external

weights, and judges' Weights) and examined their effects pi reliability and

concurrent, predictive; and face validity. :Option weights to maximize

reliability produced crossvalidated,(N = 974) increases in Hoyt reliability

'over rights-only scoring,(.82 versus .58 respectively), decreases-in correlations

with other,achievement tests, little changes in predictive validity, and a

loss in face'validity (i:e. same.cArrect options had lower weights than incorrect

options). Weights to maximize validity aid noecrossvalidate and, led to a
. . i,

.

reduction in reliability,and mixed.validity results. Judges weigitts produced
,

. *

increases in reliability and mixed results with validity. The size of Guttman .

weights, were shown to interact 'with item option and test characteristics.

;)

,It,,yas concluded that option wdi ing offered limited if any improvement

over unit weighting.

4
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Item Option Weighting of:Athievement Tests:

CompaTative,Study of Methods

Current scoring systems for multiple-choice achievement test items are-

. .-based on assumptions-About the nature of the individual's response(s) to an

item. The major assumptions of, "all-or-none" knowledge, random indorrect

responses and equal option distractability have, been frequently criticized

' (Cureton, 1966; Davis, 1967;'Lord, 1963; Stanley, 1954;.and Willey, 1960):

A variety of earlier research efforts have beeii directed at the development bf

methods for differential "item option weigfiting" for, achievement rests ,which
. ,

,...,are not based upon the above assumptions about the nature of, responses (see
.

Stanley and Wang, 1970). Nedelsky (1959) conducted one of the earliest studies

'in this'area And found'th4ta test,.utilizing a worst-dittractor weighting
. . CI. .

.
. .

procedure, was more rejiable than a rights only score. Lord (Rote 1) also
.. .

* found partial support for the worst-distractor procedure. Davis an Fifer (1959)
.

,
.

Used three different option weightingprocedures; rheckxelations between the ''''''' qe,
,

item option and total test\core as Weights, judgeeWeights, and weights as
,

/ Z-suggested by Flanagan (1935)... Their findingsndicated the use of Option 4

weights generally increased reliabilitybdt not validity to predict teacher

-/ -
ratings (also see Davis 1959). Sabers and White (1969) also found results

similar to those of Davis and,Fifer.

Recently an increasing' number of studies have been conducted using either

a variant of a method originally suggested by Guttman (1941),r an elaboration,

of the Davis.and Fifer (1959) method of judges weight's. Hendrickson 1971,,

Note 2) conducted a study with the Scholastic Aptitdde-Test using thd weighting

method suggested by Guttman and found substantial increases in reliability and
,

1

'lower intercorrelations of the verbal and Iquantitative subteOfs.-'Reilly and Jackson

I.

4 .
1,4141,
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(1973) and Reilly (1975) used similar procedures witlithe Graduate Record
. ...

Examination and again found increases in reliability, a tendency for lower
, .

intercorrelations between subtests, and lower validity coefficients with
,

.

undergraduate giade 'point averages (backward prediction). Reilly,(1975)

*
. 0

presented some evidence that weighting of omitted items produced undesirable

results. Waters (1976) using empirical weighting procedures similar toDavis

A*$
and Fifer ((x959) also found increased reliability and decreasedIntircorkelations

with other measures. Hendrickson (1974) has suggested that these results can be
z

explpined if one assumes that the weighted test is more factorally pure which

would,lead to increased reliability and less overlap with other measures.'

Hambleton, Roberts, and Traub (1970), Patnoik and Tiaub (1973) and Kansup

and Hakstiau (1975) 411 used "a variant.of option weighting where weights were

aeri'ved by expert judges and obtained sithilar results (viz increased internal

reliability but mixed results for predictive. validity). Kansup an,d,Hakstian
.

, 15 -. .

(1975) havemade a strong appeal fpr dropping research on'item op ion weighting,.

due to the inability to prove its value and the preponderance of evidence against it.

1--

While the above studies of ,item option weighting have genefally

found moderate to substantial increases in reliability, the question of

changes/in validity has been less Clear. Most studies have found that correlations

with other pimilai achievement tests have which Would follow from

the cbncept that-fne test is becoming more factorally "pure" (see Heri4iickson,

''',,1911). Hendrickson (Note 2) referred to this as quasi-validity. There is a

need to both pyoduce more evidence regar0Ing both concurrent (quasi-) and
. .

predictive validity, as well as to compare the two separate lines of research

using Guttman and judges' weights.

N.
as.

O



Item Option Weighting°

4 4,

'The present study was designed to inveaFtigate;the comparative effects on

,reliability and concurrent (quasi-), predictive, -and face validity of item

.

optiOn weighting procedures. Three different methods of option weighting were

ik ..

qed. The method of
i
"reciprocal averages" (Lawske and Harris, 195Vand Baker

. ,_ .. ..
.

and Hoyt, Note 3) was used to,,derive Guttman weights for maximizing reliability
, . .

(internal consistency), and Guttman weights xere used
A

to maximize, validity.

In addition judges' option'weighte were develOped. Thgarwere compared with

4
-.14,

the. conventional rights only scoring: i k,
i

0 Method

Subjects°

The sample was composed of 1,950 entering freshman college students at

Temple University. The total sample was randomly split into two groups of

approximately equal size (976,in the experimental groUp and4974 in the cross-

11)
0

validation sample)., ll empirical weights were derived with the experimental ,

group and comparison4vgere made(on the results from thecross-validatioll sample.

Due to different course placements which were based on the test to weighted,,

some individuals did not have 'eriterionscores. (see Table 2).

Procedures
'N

\The test used was the Cooperative English Test, English Expression (Educe-

tional Test Service, Note 4)'. Only the Effecciveness section Was used, a

-- thirty item test.on the ability to determine intend2d meaning. ,The.concurrent

validity measures used were - verbal and quantitative scores of the Scholastic

.Aptitude Test. The EngLish grades fbr the first two semekters of college

av

English Were used as the measures for predictive validity.

Weighting Schemes , -

In addition to the conventional weights, three types' of weighting schemes'

were used in this study.. Two of, the schemes were based on the method proposed
, Alt.!
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by Guttman (1941), and'the third wastbased'op the assumption thatekperts can

'assign me-6illgful weights to optiOns based on the.aMount'of correct (or incorrect)

. information contaiId in the option. -.
N .

. Guttman proposed a method which weighted the option (or category) by using

. -
i

. .

the mean Priterlon score of the individuals selecting that option. Guttman

41
- N. .--p

assumed that the value he wanted td achieve was 'one which minimized indiviTual

variability over a group of subjects. This minimization was accomplished by.

fmaximi5ing a cordiation coefficient'repregented by the ratio between.the"

variance among aubjeCts and the total variance. Guttman went on t,shoW that

the set of weights sati fying this requirement are proportional to the mean

Score of the individuals selecting an option (c.f. Guttman, -1941, p. 341).

Weights derived from the reciprocal aVeragds procedure were only approximations

of the final Guttman wei hts. iherefore, She procedure was iterated several
P

times Using the derived w fights to rescorenthe test and recalculatingsnew

weights until the weights were stabilized. Using Lord's (1958) nomenclature

the sources of variance in a test can be set out as follows'. Let
cl)

be,

the scoving-weight of optiOn c for item i (m = number of items) and N equal

the number of subjects. Let y
ai

bethe score obtatffied by an individual-a on

.

item i, so that y
ai

= X
ci

whenever person a
e.
chooses option c. Therefore,

-...

,...... M n
$iti.,-....' y

a.
=E. Y (the total score of person a), y. =E y (total score of 11

1=1 ai , 1 , a=1 ai . .

...---

the item)gand y
.. G.A

= )
cl

i
)]

a
y
ai

(grand total). The item person matrix

and the AnllysisofVariance Table (Table'l) will help explain these sources

of variance.

Insert Table .1, about here

4,"



.

st /

Guttman defined' 11S as equal to zero. (the solution to the'component
J .'

- . , .

..,

,25,L,

analysis is then' o maximize the correlation'(
x
, whey-

/ A
,

.

. MS' + E is substitute& for-T and-the equation reduced, the ilt =,1 1 + E/MSp
. P 13c

., .

This Daeula is equivalent to maximizing tfie
1
between person variance and.. . __..

A .

minimizing the error term. This solution is alto equivalent to maximizing
1.1

the.Hoyt (195I) reliability which is found by the following fOrmula:

r
tt

,= 1 -1E/MS %dere r
tt

equals reliability: The ratio E/MS isP'
-. P

'common to both solutions.
. .,,

The procedure used to develo 'weights was as follows
1

: 'if
A

f x
cis

equals

Item 'Option Weighting'

6

C

the iterated weights at iteration s, then

A
=

(Yca. 7 Yai) .x
cis N .

ci

Cr

In thisformu3A Nei equals the-number of rsons marking option c and y

elluals'the total' score of a, person marki option c. The subtraction 'of yai Olen

k removed the bias for the item being used. 'The Guttman procedure to maximize

reliability, began (iteration 1) withy
ca.

eval to'thetOtal conventional

score. Each iteration (2 through 9) used
Yca. 1 ci(s-1)

,to develop a new

set of weights. All groups were iteeatdd nine times and weights f.rom the ninth

iteration were Used 'tor cross-validation.

'Cbtfthan did not restrict tis method to values determineby internal
w

7

weighting; as Stanley aftd Wang (1970) have suggested, other scores could be used,
to develop weights. The second Guttman weighting procedure used English 001

i

I .

grades as the score (y ) and produced a set of weights maximizing the differences
ca.

.

.

between subjects reeiviqg different grades. Only one iteration was perforted

for this procedure. ,Both the Guttman weighting methqds treat omitted items as
. : ...

. . . . ,

_ valid options and therefore, weights were derivedlor-them. _Preliminary' -

I

8
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=

results indicated that the sores were positively skewed and, therefore all
. . .

...

weighted tuttmap total test scores were normalized. .

The third weighting procedure vas one suggested byDavisgn9/FiYer (1959).

Weight6 applied we'fe'determinery having English teachers rate the various

options as to the .amount of correct and/or incorrect information displayed
.

by a persdn choosing this opti'on. Seven instructors in the English department- 1

were asked to rate the options. Below are thedirections'given them for

.

making their judgmels:

sIt is generally agreed that when multiple-choice examinations are

n_used, Options for aparticular question vary in their degree of ,

correctness. You are being asked to rate options on the English
Expression portion of theCooperative English Test as to their.
degree of correctness. Due to the length of the task, only the,
first part (30 items, Effectiveness), ofhe.Expression portion
will be treated in this,manner, This means that since you are
rating each option (4) of every question (30) there will be
120 ratings.

For each option you 'should rate it in terms.gelts degree' of
correctness along the following scale of 1 to 7; Mark a (1)
if the option. is incorrect; mark a (2) of (3)' if tht options
are partially, dncorrect; mark a (4) if the option is partially-
incorrect and partially. correct; mark a (5) or (6) if the option
is partially correct; and mark a (7) if the option is correct.

In ratink'theoptions,you should determine the amount of
-correct and/or incorrect information a.respondent would have
to have available in order to mark the option as the right answer.

The weights applied were the mean of weights assigned by the seven instructors.

4
The Effectiveness test was then scored using these weights;,

Analysis

As a check against biased selection procedures, t-tests were made on differences

between variables for the experimental and cross-validation samples. Hoyt
.

. ,

(1951) reliability estimates were derived. Estfinates of the predictive

validity were the zero order correlation coefficients between test scores for

eadhtype of weighting procedure and Englrsh grades. Concurrent validity was
,

/
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, .

the zero order correlations between SAT'V (and Q) and test scores for each
--..

procedure. Since only comparative results, between methods and not the level

of prediCtion, was of major eoneern,..d!ustments for restrictions in range

Qn the English grades were not made. All comparisons between methods were

made'on the cross validation sample.

ft

Results

Table 2 presents the means, standard deviations and numbers of subjects

for th4 four criterion scores and for the conventional test score for the

experimental and crossvalidation samples. The t-tests between the two samples

' for each of,:the variables, also presented in Table 2; did not show ahy

significant differences.

Insert Table 2 about here

Table 3summarizes the reliability_ and"validity coefficients for the

experimental_group for each of the four.weighting methods. Table 4 sum-

marizeg the results for the cross-validation sainale. While reliability and

validity are separate conceits, they have been found to interact and they

. will, therefore, be discussed jointly (see Lord and Novick, 1968 and Tucker,
T1

1946 for a discussion of"the attenuation paradox"). A further complexity'
. -...

. ,..
.

.

was the face validity of the weight for the correceoption. If the procedurs

'produced the highest weight for the correct option then the item (and extended

over items to the test) was considered to have face validity.

/
Insert Tables 3 and 4 about here
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Using only the conventional procedure as the comparative base line the

Guttman internal weig"t ing prciceaure produced test scores (see Table 4) which

were more reliable (.82); tended to have a lower correlation with the SAT

scores, but 40 only a oderate to negligible' effect upon prediction of

English grades. Twenty-one items out of thirty_ received the highest item
4

option weight (positive) for the correct.option.'

For theftweights derived to maximize predictive validity, it can be seen

from Table 4 that reliability,. dropped (.45 versus .58,for the conventional grouP),i

the correlations with SAT dropped, and'finally the predictive validity for first

semester grades did not change, but prediction of second semester grades improved.

ee
Less than hal. of the thirty items had the highest weightufor the correct

or.op.

Table 4 shows a slightly different pattern for the judges weights.

Judges weights produced d slightly

-change in the concurrent validity,

more reliable test (r = :66) with little
1

a moderate increases n the-prediction

, of first semester English grades, and a moderate decrease for the second semester.

. It shquld be noted that the results for judges from the-experimental group are

independent of the weighting procedure for ludges and indicated no changes in

predictive validity (see Table 3)., The judges produced the highest weight

for the correct option for all thirty items.

Discussion and Conclusion .

Ns,

,The'results from this study are similar to fteviOus findings indicating,

4

that an internal weighting procedure can produce a more reliable test which'has

a'lower relationship with other similai measures' (see Hendricks, Note 1,

Reilly and Jackson, 1973, and Waters, 1976). But this prckedure produced

a
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10 .

...

little if any improvement in predictive validity and at g muchigreater

.

\
\

.

. . .-

iatrative cost and lower facavalidity . The weights derived by maximizing
'. ' :' -,

.
- ,

.
.

.. validity produced a
.

less reliable test with only ahint that validity would be
4

improved. Weighting for increases,in validity had high administrative costs.-

e.
with a loss in face validity.' The judges,weights produced thk'most positiVe

results with moderate increase is reliability` and a moderate increase in
., .

---.,
.

predictive-validity. With the.exceptiot that the test..-472uld generally have to

be scored es, computer, the costs for

' .

are small.
- '

. .---.

eloping the judges' weighting:vrocgdure
A

Several more general points` should,be made. First the "attenuation

paradox-" was in general supported, wial increases in reliabilitY'not prOducing

increases in validity and increases in vapidity not being stable and lowerin
0

reliability. Second,,the empirically derived weights produced undesirable

side effects 4ol-th incorrect item options having higtr weightslthah'cornrecx _

options. Third, the Guttma, procedures for deriving_ weights had other

undesirable side effects including large negative weights, large.weights

'assigned to omissi9ns, and skewed score distmib-utiona.--Almost_all these

4-

effects upon the option'weights are th direCt.result of an unanticipatetil_rar

6

lationship between the option difficulty and 'the size of the weight. Since the

sum of.the weights for options in an it m was set equal to zero, lowedi ty

options will havesmall weights approadhing.zero. "A cortl ary Of:this rule is

that high difficult options (includine

large weights due to the possibility that

d items) will tend to have relatively

/
.

a highly selected grOup'or

N ,- A
.

responded to that option. The findings, therefore, stiggest -that Guttman

option Weightings interact with the item and test characteristics.

The .rdsul.t; do not support the use'of either of the Gtittman procedures

I 12 ,

1_2
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11 .

- s

k
4 ' 404

-,.

.

o Or option weighting because of 't 'he high cots, associated with the minimum

gainst The judges weighting procedure showed- the most pxotise .for prodyging a"

more reliable and, valid test. The consistency of the results using option

weighting methods suggests .that it is becoming clear that option weighting

offerSsonly limited improvement over the conventional method of unit weighting.

"S.

j

41
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Item by Person Matrix and Analysis of Viriance

of Item by Person Data Mat

2

Pa

rs
N

'1

Yar

12 I
3

Ii ' Ira

y12 713 Yli Ylm Y1.-

,Y22 Y23. Y2i Y2m .Y2..

YN2

Y.1 Y.2

?N3/ 'Ni YNm,= YN

Source

Between person (MS P)

Between items. (MSi)

Etror (E)

Total (T)

Sum of Squares'.

1111 y2 -L 1
y..kJ a. -m ;.

a
m . N

111.1y? - 1 2
-g

i

y

T = MS
P 0

- MS
);r

E2

'y2
,a WI

F

1.9
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Table 2
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Item Option Weightin
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Comparisons of,ExPerime4tal and Cross-Validation Groups

Summary Statistics and t-tests

' S
Group',

Variable . Experimental, -Cross-Validation, 't:test

SAT- Verbal

SAT-Quantitative ,

Grades -1st Semester'

X

S.D.

N

X

S.D.

N .,..

525.26
t

81.40
844a '1

540.38
78.05

844!

/528.82

80.11

844a

540.98
"76.6%

844-

3.34' 3%36
S.D. .88,
N 744 738u

Grades-2nd Semester

3.43
S.D. .96

N 61,1c' 575c

Test Score
Conventional

X 21408 20.07
S.D. 3.73, ,3.62

N 976 , 974

aLower N is due to missing data.
b
Lower N is due to placement procedures.
cLdWer N is due to placement procedures and drop.outs.

4

20

.765,

.159

Ot

.089
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Table 3

Itet Option Weighting

4-

Experimental Group-Summary of Reliability

andNaU,4ity CoefficientS for Each

Weighting Method:

0

Method.

..

I. Conventional Internal External Judges
.1.

t

Rel atilitya .61 .84 .47 ..6T
.

S' T=- Verbal

SAT-Ouantitati've

.Grades-lst.Semester

Grades -2nd Semester

.58 .48 .47

c.26 .21 .14

.18. ..14,7,.., .40

...08 .07 .20
,

, R;
16 I. ..

.t, .. i

.58'

.23

.18

.08

alloy t,

bt1-0.44."

'

al

010

a

4

A.



s

I,

Table. 4
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O

-

Item7-Cption Weightiiig

20:

Cross - validation Group-SuMmari of Reliability
.

and Validity Coefficients for Each .*

Weighting Method

e

4«

..
,

..'v, --
.Method

. \ .
. . :' / ....

Converr onal Internal -.Ekternal -.Ridges. ..

Reliabi4tya

Validi

SAT- erbal

SAT Quantitative

-Grades -1st Sempeter

I

ades.-2nd Semester-

oyt.Reliabilities
e

.58

.62

.21

.20

.10

.82

$2,

.,. .17

.20

.12;
r

,

.

(

.

.45

4,

x19

%19
s

.17
% -

I e.

I1

4s,

,.

.66.

.62 '.

.1§

.23.
(

Ir-

.
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