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Power Scores Estimated by Itém Characteristic Curves
Frederic M. Lord

~ Educational Testing Service

Abstract

A wmethod fbr estimatihg Power scores is described. By way of
' illuStration, it is applied tovél students who were improperly_timed on
- a standard test. Some empirical results are given in support of the

estimation procedure.




time limit considerably shorter than should have been allowed. This report

: Powei' Scores Estimated by Item Chiaracteristicb'Curvesl
Frederic M. Lord

Educational Te sting Service

1. Introduction

The effect of limiting testing time has been investigated in the past

by wvarious empiriéal studies, set up to treat testing time as a variable

mah’ipvulated by the experimenter. In many practical sit'.:gtidns, time 1s
limiﬁed and . car‘mot" be maﬁipulated,‘ yét it wouid‘ be desirgble' to _estimatei
what the test scdres would have been if. eﬁougﬁ time had been allowed for all
exéminees to finish. | | |

| Thi§ mlght be done easily if ‘test questions wére all of equal difficulty
and of eQuai discrimimting power. 1In actual testing,v_situat_:i’onvs, .lio‘éever, |
item chéracteris_tic .curve'the_ory (Lora &.Nbv‘ick, 1968, chapts. 16-20) is
required.“ | |

'vThe present report. concerﬂs a situation, not unpa.ral]’.eiéd,v in whidh a

group of 21 students was tested on a standard verbal aptitude test under a

describes a tryout of a method for estimating the "power" scores that would
have been obtained if the students had had enough time to finish.
In addition to the usual assumptions of item characteristic curve theory,

the method assumes that the students answer the test questions in order.

Also, that the students respond as théy would if given unlimited time--if
given more time they would not go back and change answers already given.
Such assumptions probably hold approximately for most students, but not

all. For this reason, the method outlined here may be of theoretical more

than of practical interest.
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2. Method

: The item characteristic furiction rapresents ’phé probébility
- P = Pi(Qa) that e%aminee a - will answer test question (item) i cor-vv
rectly, where Oa is the "ability" level of exérﬁinee a on whatgver
psychologicél,dimension is measured by the tes;c. If the test score x is
the numbezl' of right'a:nswers, “the expecteé. powér_ score for examinee a on

ng " questions is given by

Thus, the »pqwer’ score of é;);aminee' a on any n questions can be estimated
fpr‘o'ﬁded his ability - 6, and the functions P,(0) can themselves be esti-
mated from aw)ailable,data. |

‘In practice, some spécified mathematical fc_ifm depending on three _1t_erp_
Ear&me{:ei's, déscripﬁive of’it‘e_t:n i , is assumed for Pl(Q), i . 1,2,...'.,n .
An essehtiai feature of item characteristic curve ’Icheory is that the it_em
parameters remain the s'éme’,’”re'gardles’s“v(wilthin rea's’tmabl'e' li'mi"'cs)‘ of the
group of examinees. Also, the examinee parameters (the Ga ) remain the
same, regardless of the test items administered so long as all items are .
measuring the same psychological dimension.

The item parametérs for each of the n = 90 wverbal aptitude items

composing the mistimed test under consideration were estimated from the

answer sheets of a convenient group of 994 students, including the 21

mistimed students. The ability parameter of each of the 21 mistimed
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students was esfil;imated Trom his responses, ignoring any unanswered items
at the end of the test. The number-right power score of each mistimed
examinee was then estimated from his score on the n items actually
n A Pa) . . .
answvered and from i nZ,’l Pi(Ga) » & sum of his estimated Pia computed
‘ =ng+ , '
~ . o~
-from Qa (his estimated 6 ) and from the estimated item varameters.

5. Preliminary Empirical Checks

Gran’-:.éd the two ass‘umpti‘ons liste'd at the end of the _first.section,
the prbceAure described above can be just.ified empi;icélly, withou"c con-
. sidering the aésm@tions of itemi characteristic cuzfire theory, if we can
show three th.ings:: | | o

1. Es’ﬁimates of item parametve_’rs frbmbne' groun of examinees closevly
apprpximate estimates of the 'samé item parameters from bther )
'gro_ups‘of e‘xaﬁir.lees; _ | |

2 Estimates of ability parame.tvers from part of a test"closely .
approximate »estimat‘es obtained from the _entiré tgst. |

3. Thé power'v score of an 'examivnee ‘on.‘a test éan be accu:rét_ely

approxbit‘na‘te‘d- frbm his 6a s ‘asuesﬁi.mated from tﬁé .same test.

A very wide variety of empirical checks will have to be carried out
{

before we cén with ahy assurance outline the circumstances under which
these three statements hold. Scat':tered evidence so far is favorable, as
suggested below.
1. ILord (1970) shows good agreement between estimates of item
characteristic curves obtained from two rather different

groups of examinees. (It is of interest that the two sets

on
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of curveé were obtained by t‘wo‘ differént methods,l one of
which does not involve any of the usual aésﬁmptions of item
cha_racteristic» curve theory.) { |
Ab‘.ilivty pémmeters for 2,857 examineeé were estimated from
fheir responses to items 41-90 of a 9YO-item iverb_al aptifude
test (a parallel form to the test that was'm-?.s'timed). The
same parameters weré reestimated from the saxéae ansier

shéets, this time frém_’items 1-29; 41-75\.. .Alvj'ter "'replacibng: .
ali (3 < -3 by @ = -3 (for 39 values of © ), the pro-
duct moment correlation between. fhe two sets of estimates was
found to be OQ9M}. This .val'ue‘ should be cbmpared.to the cor-

relafion of 0.957 from the same answer sheets between number-

right score on items 41-90' and number-right Score on .items

11-29, h1-75. (Thé correlations considered in this paragraph

are. high because much of the same data is used to dete‘ﬁninev
l:)o@;h“of-the'variab.].-es.‘corzv'elated. vThis does not invvali_date.' |
the present li_né o.f reasoniﬁg, » since a simiia‘r overlap- is
in\foived w.hen‘we esbtim.até the © Hof a.mistimed indivivdual
for the whole test from his performance on items to which

he responded.)
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D« The product moment correlation betueen 2 P (G ) and
number -right score on a 60- 1tem arlthmeticlleasonln" test
was found to be O. 981 for 2 9ho eAamlnees, vhere n o is thev
last item answered by examinee a . On a 90-item verbal
aptitude test (parallel to ‘the mistimed test), the cor-
lelatlon was found to be O. 992 for 2 ,926 ezamlnees. 'The
scatter plot for each of these shows a h1gh]y llnear“
relatlonshlp, with the polnts grouped closelJ around a
stralght line g01ng through the origin. The plot for
the 90-item verbal test is shown in F1gure 1. |
These last results support the conclus1on that number-rlwht scores
for a set of data can be reproduced w1th h1gh accuracy from 1tem parameters
and ability parameters est1mated from the same data. Results cited

earller support the conclus1on that,when necessary, the parameters for

these data can be approx1mated by est1mates obtalned from other sets of

 data. Thus, power scores can be estimated for examinees who do not have

time tovfinish the test.

Under the mathematlcal model used the reason 1nd1v1dual polnts 1n

Flgure l fall to fall along a perfectly stralght line is that some examinees

are lucky and some are unlucky in answering the particular n questions
administered. The model is a probabilistic one, encompassing these chance
fluctuations. The fact that parameter estimates have been used for pre-
dicting number-right score instead of true values tends to decrease the

scatter of points, since the estimates were made to fit the data.
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4. Estimated Power Scores

Table 1 shows for each of the 21 mistimed students his number-right
score Zy s his last item answered n o his estimaﬁed ability level 6a s

‘and his estimated power score

90 L, . -
Z  P.(0) AR /-
i=n +1 ' L
a /
on the verbal aptitude test. The él studenta/are arranged in order of
estimated ability. , . /

X+
a

Since 5 of the students completed the entire test‘in spite éf thev
_shortened testing time, the estimated pgwer scores are of ihtergst‘only
for the remainihg.l6 étudents. No empifical check is avéilable for these
16 estimaﬁed power scores. The estimates should»bé vélid, however, as
Long as the students wouldJnot use additi§nal testing time to cﬁénges
résponses they hévg already given‘ér to.answer questions they have
omitted. | | | | |

The main evidence.suppoffing this last assertion is provided by’
results such as appear in Figure 1. 'Thé predictidns for the 16 students
should be as accurate as the predictions in Figure 1, except for the fact

that the for these 16 students were estimated from only n, of the

90 test items.




Estimated Power Scores for Mistimed Students

38“

Table 1

Estimated

Number- Last '

right item Estimated power .
score answered ability ' score
68 90 L5 68
67 L 1.51 61

52 85 "ok 55.6
N7 72 .93 59.8
25 90 .89 25
55 90 .69 55
48 81 63 53.7
51 88 .60 5.4
45 82 A7 19.8
b 8 Q1 47.8
43 85 .20 45.7
39 88 .03 .2
37 i -.07 41.h
38 82 -6 41.8
39 871 -.39 4o.2
32 79 -h1 36.9
32 90 -2 32
31 8k -.76 33.2
29 85 -.78 30.8
25 85 -1.36 oh.h
24 87 -1.46 24,7
10
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