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Previous research has studied the e€ffects of
different methods of .item option.weighting on the reliability and
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and mixed results with validity. The size of Guttman weights was
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»
Abstract
. R S

N
——

PreviouseresEarch has studied the effects of different methods of item

option weighting on the reliability and concurrent andkpredictiveuvalidity,

of achievement tests, ° Generally increases in reliability are found but with

,

mixed results for validity. ThlS research attempted to interrelate séveral
v
methods\of producing option weights, (i.e., Guttman internal and external

weights and 3udges weights) and examined their effects on reliability and .

*over rights—only scoring, (.82 versus

.

*

concurrent, predictive, and face validity.

reliability'produced crossvalidated‘(N =

- ’
. A

>

L

,Option weights to maximize

974) increases in Hoyt reliability

-

.58 respectively), decreases” in correlations

with otheroachievement tests, litﬁle changes in predictive validity, and a S

A}
e
3

loss in face ‘validity (1 e.

options).

'

some. cgrrect options had lower weights than incorrect

*

Weights to maximize validity did not’crossvalidate and led to a

rgduction in reliability and mixed validity results.

Judges weights produced

~ over unit weighting -

\ l w .
increases in reliability and mixed results with validity The size of Guttman.
. / ' R
weights,were shown to interact‘with item option and test characteristics.

s

Jt was concluded that option weighiing offered’limited if any improvement )
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Item Option Weighting of:AIhievement Tests:

. " . o @
Comparative Study of Methods

»

.Current scoring systems for multiple-choice dchievement test items are-

“based on assumptions-about the nature of the individual's response(s) to an

S » >
. hased o . e | - R
- . \ pes - -

item. The major assumptions of, "all—or—none".knowledge, random incorrect .
[ \ [y
":‘ ' R responses and equal option distractability have been frequently criticized
A ! (Cureton, 1966; Davis, 1967;'Lord, 1963; Stanley, 1954 .and Willey, 1960) ot

A variety of earlier research~efforts have been directed at the development vf

+

methods for differential "item optign weighting" for, achievement tésts which

N

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

Q

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

‘in this“area,and found'thgg_a test, ,utilizing a worst-distractor weighting

. \.’
procedure, was more réliable than a rights only score.

» £8und partial support for the worst-distractor proceduref

14

Davis an

‘Lord (Note 1) also

v

Fifer (1959)

\‘Q.,
ised three different option veighting.procedures; the* conzelations between the ““%s

.
\

item option and total test\%core as weights judges/weights, and weights as

e

-guggested by Flanagen (1935)

. Their findings

..

s

indicated the use of option _ ¢

' “‘\

o

weights generally increased reliability/pﬁt not validity to predict teacher

'S

ratings (also see Davis 1959).

P

SaberS’and White (1969) also found results

°

lower intercorrelations of the verbal and Quantitative subtegts. -
] .

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) or an elaboration)

of the Davis and Fifer (1959) method of judges weights. Hendrickson (1971,

Note 2) conducted a study with the SchoLastic Aptitude Test using the weighting

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

]
Reilly and Jackson

- : ALY &

5 . : .
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(1973) and Reilly (1975) used similar procedures with’' the Graduate Record

Eiamination anh\again found increases in reliability, a tendency for loWer

intercorrelatipns between subtests, and lower validity coefficients with ,
undergraduate grade'point averages (backward prediction). Reilly _(1975)
’ Y

' o
" , - . . . A

. ~

H

presented some evidence'that weighting of omitted items produced undesirable
results. Waters (1976) using empirical weighting procedures similar to Davis
sy

and Fifer (Q’S‘)) also found increased reliability “and decreased “int@rcoftelations .

.

with other measures.' HendricKkson (197;) has suggested that these\results can be

ﬁ

' -

= .
explained if one assumes that the weighted test is more factorally puré which

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

14

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

!
\\\\—and Hakstian (1975) all used a variant .of option weighting where weights were

‘“v'1971) Hendrickson (Note '2) referred to this as quasi-validity. " There is a

a

derived by expert Judges and ob\alned sitilar results (viz. increased internal

reliability but mixed results for predictive validity)

.

Kansup and Hakstian

» !

¢ S

(1975) have" made a strongrappeal for dropping research on'item oSh?on weighting,. .

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

While the above studies of 1tem option- weighting have generally

found moderate to substantial inoreases in reliability, the question of

changes’ in validity has been less clear. Most studies have found that correlations_

- . Ay

~

with other simiIa¥ achievement tests have “decreased which Would follow from

4

the cbncept that the test is becoming more factorally pure" (see Hendrickson,

need to both pyoduce more evidence regardﬁng both concurrent (quasi—) and

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

using Guttman and~?udges' weights.

y
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. English™were used as the measures for predictive validity.

s ‘e
. s, .
. :

oo ' C " Item Option Weighting® .

. . - . < .
< . & - - 44‘
, The present study was designed to investigate;the comparative effects on

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

opti‘n weighting procedures. Three different methpds'of dption weighting were

. N N

A N .o . . R
uzéd. The method ofi"recip;ocal averages” (Lawske and Harris, 1958%and Baker

and Hoyt, Note 3) was used to, derlve Guttman weights for maxihiziné reliability

.
AN

(internal consistency), and Gittman wedights were used to maximize validity.
« — . , ~ . .l

In addition judges' option’ weights were devgléped. Thes®" were compared with
- é N ¢

. N .
the. conventional rights only scoring. . . ‘Eg -
F i . .
) ’ ' t
e : ' ° . Method ] v
~ ‘ y e

Subjects® ¢ ) ) - S
The sample was composed of 1,550 entering freshman college students at

o
- V.

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

~

-

approximatelyequa1<iizeA(976'in the experimental group and ‘974 in the cross- |

\All empirical weights were derived with the experimental .

) 4

validation sample).

.
-

‘group and comparisoné\were‘made(on the results from the cross-validation sample.

- ‘e
Due to different course placements which were based on the test to weighted,.

’

some individuals did not have eriterion scores. (see Table 2)-

"N - P .
Procedures ‘ \\ : . . -

\Ihe test used was the Cooperative Engliéh‘Test, Engiish Expression (Educa-

?

tional Test ServTce, Note 452 On%y the Effectivéness section was hsed, a
thirty item test .on the ability to detgrﬁ&ne iﬁtendgd meaning. .The.concurrent

. .l . . . _ ,
validity measures- used were. verbdl and quantitative scores of the Stholastic

N -
]

Y ’ . . . ~
-Aptitgde Test. The English grades' for the figst .{wo semegters of college\

.
- “~

V’Weightdng Schemgs ’ ' ' N . ' -

. N 224

'In addition to the conventional weights,"th;ééjgﬁbes'éf weighting schemes*

- “ . ;‘}M N .
*were uged in this study. Two of. the schemes.were based on thé method proposed ,

T, ' R .
r R .. .
: ’ ) ¢ : -

’
. * .
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by Guttman (1941), and the third was, based” op the assumption that eRperts can
- /

assign meSningful weights to optiOns based on the amount of correct (or incorrect)

b =3

informatiOn contai ed in the option. Ea : V' ) \ —

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

L

the mean <riterion score of the indiv1duals selecting that option Guttman N

-

assumed that the value he wanted fo achieve was one which minimized individual

»

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

\ ", 3 .
f maximiging a c%Erelatlon coefficient repredented by the ratio betweenrthe'
: . -

variance among s$ubjects| and the total variance. Guttman went on ﬁb show that

gcore of the individuals selecting an option (c.f. Guttman, 1941, p. 341).
Weights derived from the reciprocal averages procedure were only approximations )

of the final Guttman wei hts. ‘lherefore, the procedure was iterated several

- N -

times using the derived wpights to rescore_ the test and recalculating new

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

the sources of'variance in| a test can be set out as follows. Let Xci’be‘
|

the scoring*weight of option ¢ for item 1 (m = nupber of items) and N equal v

r

the number of subJects. Let y ai be the score obtadned by an individual ‘a on

item i, S0 that vy ai Xci whenever person a chooses option c. Therefore,

.- AN .

Ei =1 y ai (the total score of person a), y. 1 :ZZ-I Yaq (total score of‘

———— N ’

——t

. o _\ 5
R

the item) and y ~ZSi§j y ai (grand total) The item—person matrfx

and the Analysis of Variance Table (Table‘l) will help explain these sources

L4

6Ff variance.

Insert Table 1 about here °

" . o -: Y Ty

A J
]
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- Guttman defined MSi as equal to zero. {The solution to the'component
R )

.

;:> analysis is then Mo maximize the correlationYl i%'wher
‘L :

» . -

. ” .
. e MSE + E is substituted‘fof-T and the equation reduced, the

This f&rmula is equivalent to maximizing thelbetween person variance and

minimizing the error term. This iolution is also equivalent to maximizing

v

'the Hoyt (1951) reliability which is found by the following formula.

"+ r_=1-"E/MS , wfere r_ equals reliability, The ratio E/MS. is -
Ty tt P - tt . ® .. P

3

EommOn to both solutionms. - , &

"

The procedure used to develdﬁ'weights was as fgllowslz. if Q;i; equals

-the iterated weights at iteration s, then

K L " - ’ v .
-ty A c Oea, T Y20 . .
e * . 4
: cis N . .
7 t . ci > . .
. . .

., In this;formula Nci equals the-number of persons marking option ¢ and y

. equals °"the total* score of 3, person marking option c. The subtraction of Yoy then

A

{ removed the bias for the item being used. ‘The Guttman procedure to maximize

‘reliability began (iteration 1) with Yea eqpal'to\the'tztal conventional

score. Each iteration (2 through 9) used Yea ci(s 1) to develop a new

_ set of weights. All groups were iterated nine ﬁimes and weights from the ninth

-

iteration were used ‘for cross—validation . i

Guttman did not restrict gis method to values determined by internal 5> °

»

weighting, as Stanley afd Wang (1970) have suggested, other scores could be used,

- N . - <
. . .to develop weights. The second Guttman weighting procedure used English 001
! g

grades ;5 the score (y ) and produced a set of weights maximizing the differences
[y .

between subjects reseiving different grades. OnIy ‘one iteration was perfornged

f ~ -
b

for this brocedure ,Both the Guttman welghting methqds treat omitted items as

. - o

~f " . valid Options and therefore, weights were derived*for-them «Preliminary'-“

.
M D
. \
S Y
. ’
Rt . .
. “
. L. - .
. . B
Y.t . .
y .
. «




results indicated that the ségres were positivel? skewed'and.therefore all

’Weights applied wefe determ1ne? by having English teachers rate the various

‘L‘ ) 7 SN ' N : Item Option Weighting_ ‘-

- . © 7
.
. ¥ . ?
.
-

AN

Weighted Guttman total test scores were normalized. . <

s 2

The third weighting procedure was one suggested by Davis and/Fifer (1959).

- «

*

/
options as to. the .amount of correct and/or incorrect information displayed .
LS
by a person choosing this option. Seven instructors in the English department @
\ .

N .
were asked to rate the options. Below are the directions ‘given them fpr

making their judgmenr . . .

+It is generally agreed that when multiple—choice examinations areﬂ
used, options for a .particular question vary in their degree of ‘v
correctness. You are being asked to rate options on the English
Expression portion of the:Cooperative English TéSt as to their . .
degree of correctness. Due to the length of the task, only the, . )
first part (30 items, Effectiveness), of the, Expression portion

" will be treated in this, manner, This means that since you are L + e
rating each option (4) of everx question (30) there will be
120 ratings. :

For each option you ‘should rate it in terms Qff 1ts degree’of
correctness along the following scale of 1 to 73 Mark a (1)
if the option. is incorrect; mark a (2) or (3) if the options
are partjally. xincorrect; mark a (4) if the option is partially"-
incorrect and partiallw covrect; mark a. (5) or (6) if the option
is partially correcty and mark a (7) if the option is correct.

>

In rating the* options, you should determine the amount of
- correct. and/ox 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 instruétors.

The Effectiveness test was then scored using these weights&

K >

Analysis e :

-

I'd
As a check against biased selection procedures, t-teSts were made on differences
IV - ' <5
between var1ables for the experimental and crqss_yalidation samples. Hoyt Ut

LI

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

[y

validity yere the zexo order correlation coefficients between test scores for . .
) .o ~ ! v N
each -type of veighting procedure and Englfgh grades.” Concurrent validity was

. v _ - .
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’ 1 . - <
4 K ~ 8 ot
. v » : ~ ] ‘

the zero vrder correlations between SAT*V (and Q) and test scores for each

. procedure. ' Since only comparative results, between methods and not the level 4

of prediction, was of major eoneern&_adjustments for restrictions in range )

s ® . /. . ) . ’ \ -
on the English grades were mot made. All comparisons between methods were

. . ) ' 0 <
. made’ on t?e cross-validation sampie. - o -
, L, oy ” “ *
i P 4 s’ — -
* Results . o’
¥ . .
‘ ‘ Table 2 presents the means, standard deviations and numbers of éubjects
. ’ . ‘ ’ . : ) ‘ ¢

for the four criterion scores and for the conventional test score fqr the ~

. experimental and cross-validation sampfes. Tpe t-tests Petween the two samples
oL , . J
, * for each oﬁ‘fhe variables, also presented in Table 2, did not show ahy ’

-

' \ significant differences. . ‘ -

s . Insert Table 2 about here * ’

‘; T ) ' ) ;
Table 3;summariz;§ the‘reiiabiliéy_and*vali%ity coefficients for Lhe' " .

. .éxperimenggl_éroup for each of the four.we;ghting methods. 'Taﬁ%e 4 sum-

marizes the results fg: the cross-validation sample. While reliability and

+

validity are separate goncepts, they have been found to interact and they
. . !

. will, thereforetvse‘discussed jbiﬁtly (see Lord and Novick, 1968 and’Tucker,

»

. 1946 for a discussion of ''the attenuation parado%“}. A further complexity”
~ . . . - , . . . N ‘

~

) : . - (
was Ehe face validity of the weight for the correcﬁ‘option. If the procedungs
‘ ¢ N N B . ©
‘Produyced the h@ghest weight for the correct option then the item (and g;tended

¢ * ovér items to the test) was considered to have face validity. "_ .
- ’ ‘ ‘ « ’ ¢ " "
. Insert Tables 3 and 4 about here . .
e . - - . . »
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»
Using only the conventional procedure as the comparative base line the

Guttman internal weig ing procedure produced test scores (see Table 4) which
. .

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

' g b . z
. opyto,n . SR,
] - ¢ .

’

“~

.

° PR i . -
" option weight (positivek for the correct .option.”

y 4
o

scores, but had only ak{oderate to negligible/effect upon prediction of
14 v

English grades. Twenty-one items out of thirty received the highest item”
4 e . - o .

. sFor thé‘weights derived to maximiza predictive validity, it can be seen

a a® . d v [

from Table 4 that reliability dropped (.45 versus .58 for the convefhtional group))

-

the correlations with SAT dropped, and finally the predictive validity for first
{ ' .ot
semester grades did not change, but prediction of second semester grades improved.
~ . . > .
Less than half of the thirty items had the highest weightefor the correct
a’ ~ -

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

Judges weights produced d slightly more reliable test (r = +66) with little
. . LA
~change in thé concurrent validity, a moderate increase-1in the-prédiction

«

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

-It should be noted that the results for judges from the experimental grolp are

‘independent of the weighting procedhre for ‘judges and‘indicated fio changes in

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

. ¢ R

for the correct option for all thirty items. ‘

R * . ¥
' . Discussion and Conclusion
. . T, o~ -

. The ‘'results from this study are similar to previots findings indicating . o
( v

[y

that an internal weighting procedure can preduce a more reliable test which has
' ’ ] Iy
a 'lower relationship with other similar measures’(see Hendrick$, Note 1,

Reilly and Jackson, 1973, aqd‘Waters, 1976) . But this procedure produced.
\ [
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. N N . . ~ :
little if any {mprovement in predictive validity .and at 4 much'greater admin®

. N\ .
istrative cost and lower face.validity.

+

Ee oY

10

r

>

L .
Item Option Weighting:

k—.
£

1

The weights derived by maximizing

S validity produced a less reliable test with only a hint that validity would be

e
@

~

’ option weightings interact with the item and test characteristics

»

imprgxsd:

with a loss in face Validity ‘

¢

+

Weighting for increases,in validity had high administrative costs

The judges weights produced the most positive )

results witb moderate increase in-reliab\liéy and a moderate increase in

¢

\\
predictive <validity. With the_ exception that the test

are small.

Several

.

paradox'' was

\

-

, be scored By computer, the costs‘for\develOping the judges"
. A ) : 8

v
)

more general points' should, be made

-~

First the "attenuation

.

*W3uld generally have to i

'—\

»

weighting-procedure

’

i 4
-

in general supported, with increases in reliability not producing

ta

increases in validity and increases in validity not being stable and lowering

~

reliability.
side effects

options.

undesirable side effects including large negative weights, large Weights

.

Third, the Guttms

o

Second,  the empir1cally derived weights produced undesirable

4

_/

{rith 1ncorrect item 0ptions having higﬁgr weights than correct -

” e s r——

\

procedures for deriving weights had other

o

-

assigned to omiss/9ns, and skewed score

) effects upon the 0ption weights are th

tdistnmbations~«-Almostlall these

irect result ofggg_gnénticinarpd re= ..,

4

I e
S e

Since the

L4

responded to that option

lationship ‘between the“option difficulty and ‘the size\of~the weight
sum of-the we1ghts for 0ptions in an is%m’was set equal to zero, low difficulty

N ral . o
options will have- small weights approadhing zero. ‘A coroliery of sthis rule is
\\

-t

that high difficult o tlons (includin ) d items) will tend to have relativel
8 P We Y _\._ >

large weights due to the possibility that a highly selected group or individual

— . F

The findings, therefore, suggest>that Guttman

~

W
The resulta do not support the use of either of the Guttman procedures

-

o

-,

RN
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