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INTRODUCTION

~
In this p;per Qe address the problem of estimating.the
observed score’aistriﬁution of an‘alternate Fgﬁm df a test.
" The alternate form might be alfengthened'Furm of the
brigina} test, or be composed of a cump]éte?y'diF?erent set ©f

items. - e
There are two common -approaches tu estimating observed score

‘ distribdtiuns. The first is with the negative-hypergeomatric
distribution within fhe cqntesf of the.binumla! error model and
mu}tiﬁle-mat}ixvsampling kLord, 19623 . The seconJ common method
i§i¢o~use item response thepry models and assume-that the
conditiona1'a15tributidn of rauw ;cares giveanvis'a campﬁund
binomial distribution Cusually astimated by a two-term
apﬁroximation] {Lord, 1983, p: 524-525). The téchnique used in
this paper also uses is#m response theary @odels. However, in the

approach used here the conditional distribution of raw scores is

calculated directly from the model.




a

Given a test compbéed of m itehs ( eéch with known ifem
parameters ) thé cpﬁditiongl distribution. of thé raw score X can
bé deﬁermined Thfs is done b? letting the vector )

. denote the reSpqnses‘of an examinee with ability 8 to an m—item
test. The response on the ith item, Ui.'is_either 0 or 1. For
the &th item the probability of Ui of an examinee with ability 8

is

) u; i ”/V{;.' ) .
PUilIB) = Pi Qi : (i)

where Qi =1 - Pi.
Since it is assumed that item responses are independent the
probability of any one of the 2 observed vector of. responses is.
‘equal.to the product of the probabilities for each item repbnse.‘u
R . : . - : o
Hence, for an examinese with ability & the srobability aof the

~vector U is

Pwied = T Pi ai | (2)
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The conditional distribution of ..2w scores at each ability
8, F(X18), can now be determined. Letting the raw score X equal o
T Ui the conditional distribution of X given 8 is
T,
| () L LR
F18) = ) 3 P, i . (2
. : . =1
K=l ,

%

. m
The subscript k is wused to sum each of the <X) yectors far gach

° m N .
> « The upper 1imit 8% the

X s

8 such that k =1, 2, ...;(
subscript is a]Qays(ZU because there are<x>'uectors o?’L Wwhich

resu]t in X,

Determining the Marginal Frequency Distribution

s _ : :
Equations 2 and 3 may be used to make distributiaonal

projections from an old m—item test to a new n-item te&st. For an

~ofd m—item test et the Fﬁeqﬁencies at ability values of 80, 821,

«+» Bm, be NO, Ml,.., Nm. UWe’are interested in estimating the
frequencies NO, N1,.., Nn on the'neu n-item test at aBiTityj

values 80, 81,.., Bn. Letting ¥ indicate the raw score
~an tEe new n—item test equation é.cén be used to abtain L |
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FleB) for values of 8 associated with the raw scores on the old

m—item tset.- Taking the ueighted-mean of f{YI8) across the
~ability range from 80 to Qmiuill-yiefd the projected marginal

-frequency distribution of raw scores f{Y). That is -

. i m RS .
PO = ) RCIBDNGN. (4
R
 METHOD ]

lThe data fbr fhe.examp1e were obtained from a bank of
calibrated items oﬁ a basic gki]]slmu1tible—thoice»test. During
the field testiné of the bahk a 21 if;m form was field tested
.along with a 32 .dtem farm. Boih forms ue;e administered |
simultanecusly tao tuo random groups of examinees. Thepe,uere-no
.cdmmbn ;tems among the two Fofms nor cgmmon people between the
random'groues. The examinee perfdrmance anmthe 21 item test Was
used to predict the frequency distribution on the 32 item fest;
Siﬁce the 32 item test was -actually administered during the field

testing it was paossible to compare its predicted frequency

distribution to its actual frequency distribution.

-
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RESULTS

. _ : a
Table ! shows the raw scores, ability estimates, and the

,Predicte&_and actual Frequenc? distributions on the 32 item test.
 A comparisaon of tHe predicted and actual Frequen&yvdistribufiuns
. reveal that they are very similar. .In Fact-mueﬁ\0?~t5e
discrepancy between the tuwo distributiuns would be eliminated if
the.actual distfibution were smoothed ( né?;) the procedure

' : ~N

described in this paper can also be used for smoothing

distributions ). IR

Table 2 further indicates that the predicted and actual

frequency distributions are similar. The means, standard
E-3

deviations, and KR-20,s are virtually identical.

-



DISCUSSION - S

THis paper described the mathematical basis and provided an
empirical example of a method of estimating the frequency
‘distribution om an alternate form‘of a test. The empirical ‘ N

example was one in which per?ofmance on a 21-item test was used
“to estimate derformance on a 32-item tést.‘The two teét;
contained two different sets of items (from a ealibfafed bank)
and were administered to two different groups oF'examinegs
(from the same population). The resu]ig'indicated that the

. estimated distribution was sufficiently close to the actua’

disiribution for practical work.
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Table 1

Predicted And Actual Distribution For 32 Item Test

Raw Logit
Score ability
0 -5.148
1 . -4.074
2 -3.299
3 -2.814
a " =2.449
5 -2.149
6 -1.892
7~ ~ -1.663
8 - -1.454
9 -1.261
10 -1.079
11 -.906
12 -.740
13 -.579
S  -a21
15 -.266
16 =112
17, .042
18 .19
A9 o .382
20 - .511
21 . 674
22 .843
23 - - 1.020
24 1207
25 © 1.408
26 1.628
27 . l.874
28 2.154
29 2.508
30 2.973
)R 3.728
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¢ ' Table 2

Descriptive Statistics For the Predicted and Actual
' Distribution of the 32 Item Test

Descriptive Statistic . Predicted Actual
Mean Raw Score ' 19.72 19.31
- Standard Deviation Raw Score ‘ 7.62 8.26
Mean Logit Ability ‘ 68 .69
Standard Deviation Logit Ability 1.66 1.84
KR-21 7 .90 T .92




