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COMPARISON OF THE ESTIMATED ITEM PARAMETERS
OF SHIBA'S WORD/PHRASE COMPREHENSION TESTS OBTAINED BY
LOGIST 5 AND THOSE BY THE TETRACHORIC METHOD

ABSTRACT

Stimulated by Lord's suggestion that Logist 5 can be used for
equating even when the number of linking items is small, it was
tested on Shiba's Word/Phrase Comprehension Test data. Combina-
tions of four tests and two tests, and also a single test with
different numbers of examinees, were chosen, for which Logist 5
was applied. The resultant estimated item parameters were com-
pared with those obtained by the tetrachoric method. Some con-
sistency was found in the results of certain tests in preference

to those of certain other tests.
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. I, Introduction

'i In applying latent trait theory, or iteﬁ response theory,

Zj perhaps two of the most frequently used models for binary test items

yJ are Rasch model (Rasch, 1960) and three-parameter logistic model

gg (Birnbaum, 1968). In particular, three-parameter logistic model has

i become more and more popular in the past decade because of the

:: availability of computer programs for estimating the three item

?f parameters which are represented by Logist 5 (Wingersky, Bar;on and

Lord, 1982).

gﬁ This computer program, Logist 5, can be used not only for the
item parameter estimation in the three-parameter logistic model, but

also in the (two-parameter) logistic model, by setting the third parameter
ii equal to zero. It is well known (Birnbaum, 1968) that (two-parameter)
logistic model provides us with a good approximation to the normal ogive
- model if we set the scaling factor D equal to 1.7,
q In the present study, using empirical data for which normal
) ogive model was originally assumed, comparison was made between the
estimated item parameters obtained by assuming the normal ogive model
and those obtained by Logist 5 assuming the (two-parameter) logistic

- model. In some cases, item parameter estimation was also made by

. Logist 5 assuming the three-parameter logistic model, and comparison

LGP AP

was extended to those results also.

Empir{ical data adopted here were taken from the test data

bz

provided by the courtesy of Professor Sukeyori Shiba of the University

P

of Tokyo. They are based upon the performance of fifth through ninth
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graders in Japan who took separate tests of Shiba“s Word/Phrase

Comprehension Tests.*

II. Three-Parameter Logistic Model and Logist 2

Let & ©be the latent trait, or ability, and Pg(B) be the
item characteristic function of the multiple-choice test item g , or
the conditional probability with which the examinee answers item g
correctly, given ability @ . In the three-parameter logistic model,
this item characteristic function is given by

(2.1) Pg(E) =c_ + (1~cg) Wg(e) ’

g
where vg(e) is the item characteristic function in the (two-

parameter) logistic model, for which we can write
- _ R -1
(2.2) ¥g®) = [1 + exp{-Da_(8-by)}] ,

with ag (> 0) and bg as the item discrimination and difficulty

parameters, respectively, and D as the scaling factor which is
usually set equal to 1.7 «. The third parameter, cg ,» 1n (2.1) is
the guessing parameter, which is originally defined as unity divided

by the number of alternative answers presented with the multiple-

C LR TR FCT UL S SN
*_{._.,_\Iu}\ ‘,\}'\w."x . -.-_s‘-{_‘, 5

* The author 1s obliged to Dr. Hiroyuki Noguchi of Tokyo Gakugei
University as well as Professor Shiba for providing her with these
data.
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fk choice test item g . The model was originated from the assumption
i‘ that the examinee either knows the answer to the question, or guesses
randomly. Thus Pg(ej » or the operating characteristic of the

:ﬂ binary item score ug = 1, given © , is greater than Wg(e) , which
.' represents the ~onditional probability for the "knowledge.'" The

. discrepancy between the two functions is also a function of O , i.e.,
oy (1~ Vg(e)] divided by the number of alternatives.

) Lord started calling this third parameter, Cg pseudo-

f? guessing parameter, after he had discovered that for many multiple-

< choice test items the estimated guessing parameter, cg >

-~ substantially differs from unity divided by the number of

alternatives, when the three-parameter logistic model was adopted for

f those items (Lord, 1968). This fact itself seems to be enough

éi evidence to invalidate the three-parameter logistic model with respect
o to those specific multiple-choice test items. Researchers who adopt
s this model claim, however, that there should not be any harm as long
! as the curve 1s used as an approximation to the true item

- characteristic function.

;? It should be noted that Samejima has pointed out (Samejima,

- 1973) that, unlike the normal ogive and the logistic models, three-~

2

R parameter logistic model does not satisfy the unique maximum condition
fi (Samejima, 1969, 1972), which indicates that for some response

- patterns the likelihood function LV(G) » L.e., the operating

i: characteristic of the response pattern, V , may not have a unique

:f maximum. This fact implies that the third parameter, Cg , can be a
.
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real nuisance, {n the mathematical aspect of theory.

The item characteristic function in the normal ogive model is

given by

a_(o-b_)
(2.3) 2,(6) = (2m)~1/2 jr 87 B exp(~t%/2) 4t

where ag (> 0 and bg are the item discrimination and the iten

difficulty parameters, respectively. When the same values of

parameters ag and bg are used in (2.2) with D = 1.7 , the curve

represented by (2.2) 1s very close to the one represented by (2.3) for

the entire range of 6 (Birnbaum, 1968).

Logist 5 18 a computer program developed by Lord and others
(Wingersky, Barton and Lord, 1982) for the purpose of estimating the

item dissrimination parametet ag , the 1item difficulty parameter bg

and the guessing parameter cg of each test item g (=1,2,...,n)

following the three-parameter logistic model, as well as the

individual ability parameter Gq of each examinee s (=1,2,...,N) .

The method is based upon the maximum likelihood estimation, with the

likelthood ftranetdion,
N n
(2.4) L(U[2,a,B,C) = T 1 P(0.) s (1-P (v )} s,
g8 g8
s=1 g=1 )

where ‘lg~ 1s a binary f{tem score of the examinee s for item g

?
a3

U 1is an (nxN) matrix of the binary item scores u 7 1s the

gs ’

vector of order N of the individual parameter '3g , A, B and C
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ag , bg and

respectively. Those (3n+N) parameters are estimated

are the vectors of order n of the item parameters

Cg »
iteratively through the four sets of likelihood equations, with

programming devices for efficiency in their convergence.

IIT. Empirical Dats Based upon Shiba’s Word/Phrase Comprehension
Tests

Shiba“s research on the measurement of word/phrase
comprehension has been introduced earlier (Samejima, 1980). The
battery of tests used for the construction of Shiba“”s word/phrase
comprehension scale consists of thirteen tests, APl, AP2, Al, A2, A3,
A4, A5, A6, J1, J2, S1, S2 and U. Each of these thirteen tests
contains thirty to sixty multipIe-choice items, each of which
has a set of five alternatives. These tests differ in difficulty, and
each is designed for a different age group of subjects, ranging from
four years of age to the ages of college students. There are subsets
of items included in two tests, which are adjacent to each other in
difficulty. For example, items 37 through 56 of Test Jl are also

items 1 through 20 of Test J2, There are 480 test items in total, and

their participation in different tests are shown in Table 3-1. The
number of examinees used for the ability scale construction varies
between 219 preschoolers for Test APl and 924 second graders of senior
high schools for Test Sl.

In the present study, four tests were chosen out of these
thirteen tests, i.e., A5, A6, J! and J2. The examinees who took these

four tests in Shiba“s original data are as follows.
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480 Test Items of Shiba's Word/Phrase

Item Pool among Thirteen Different Tests.

Distribution of the
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Test A5: 599 fifth graders in elementary schools
Test A6: 412 sixth graders in elementary schools
Test Jl: 614 first graders in junior high schools
Test J2: 758 third graders in junior high schools

Qo
g

S Y

"

¥y

For convenience, hereafter, we shall call these groups of examinees

o

5=

and their performances A5/0599 Case, A6/0412 Case, J1/06l4 Case and

P N

Te

J2/0758 Case, respectively. There are also 461 second graders in

junior high school who took Test J1 in Shiba“s original data. In
order to increase the number of examinees, this group of 461 subjects
and their performances were added to the J1/0614 Case, to provide us
with the J1/1075 Case. This case was further joined by an additional
group of 1,184 students of four different junior high schools in
Tokyo, to whom Test Jl was adminis: 1 in some other research of
Shiba“s. We shall call this larg: : group of examinees and their
performances J1/2259 Case. Thus we have six cases in total, with
three of them partly overlapping.

When the item parameter estimation was made by Logist 5, in
some cases two or more tests and the corresponding samples of
examinees were combined, in order to increase the number of test items
and hence to improve the accuracy of estimation. Table 3-2 presents
the resulting combinat’ons of tests and the numbers of examinees, as
well as other additional information. Since there are overlapping
test items between two adjacent tests, such as Tests A5 and A6, for
example, the total number of items is less than the sum of the numbers
of items in the separate tests, when two or more tests are combined.
As for the numbers of examinees, in all the combined cases they are

the direct sums of the separate cases. Thus when Tests A5 and A6 are

o, R P TR IR Rt s CR R L LR PR SR
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TABLE 3-2

€. Tests, Numbers of Items, Numbers of Examinees And Other Information
52 for Thirteen Different Cases.

Original No. of
i Method Test(s) No. of No. of Excluded Items
o' Examinees  Items Items Included
o Tetrachoric A5 599 48 3,13,17 45
g Method A6 412 56 - 56
. (Shiba) J1 614 56 38 55
- J2 758 60 2 59
[ (
Tetrachoric J1 1,074 56 38 55
il Method J1 2,259 56 38 55
e (Samejima)
!l Logist 5 0.0 A5,A6 1,011 88 -- 88
" 0.0 J1,J2 1,833 96 -- 96
.. Cq! 0.0 | A5,A6,J1,J2 2,844 168 - 168
e 0.0 J1 1,075 56 38 55
" free J1 1,075 56 38 55
2.0 J1 2,259 56 38 55
= free J1 2,259 56 38 55
%
L,
[
.

>
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combined, the 1,0ll examinees are the sum of the two subject groups of 599
and 412 examinees in the A5/0599 and A6/412 Cases; when Tests Jl and

J2 are combined, the 1,833 examinees are the sum of the two subject

groups of 1,075 and 758 examinees in the J1/1075 and J2/758 Cases;

and, when Tests A5, A6, Jl and J2 are combined, the 2,844 subjects are

the sum of the four subject groups of 599, 412, 1,075 and 758 examinees

in the A5/599, A6/412, J1/1075 and J2/758 Cases.
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IV. Tetrachoric Method
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It has been observed that, when the group of subjects is an

R T

unselected sample from, say, an age group of subjects, in a certain

PR Y
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geographical area, normal assumption tends to fit well for the joint

[
g
L

E A

distribution of response tendencies (e.g., Samejima, ONR/RR-84-1),

Thus we can use the (nxn) tetrachoric correlation matrix based upon

.‘. Ky 1 3 N :
ALY

the response tendencies behind the n test items and factor analyze

AN,

the result to confirm the unidimensionality of the underlying latent

-
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e

trait. If it is confirmed, then the estimates of the item
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T

discrimination and item difficulty parameters, a_ and b in the
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normal ogive model will be given by
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4. a_ = -
(4.1) ag = pgll=pg

L]
.

. b )
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4. b =
(4.2) bg Yg Pg
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where g is the factor loading of item g on the first common
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L)
factor and YQ is the normal deviate corresponding to the proportion-

correct sg of item g , or we can write
TS P
(43)  yg = o7l-py)

with ¢~! representing the inverse function of the standard normal

RS distribution functionm.

m For brevity, we shall call this method for estimating the item
i v parameters ag and bg in the normal ogive model Tetrachoric Method..

Eé It has been shown (Samejima, ONR/RR-84-1) that this method can be used

N in selecting 0ld Test items in the non-parametric estimation of the

E: operating chafacteristics, with additional procedures for validating

’ the normal assumption and so forth.

:: V. Estimated Item Parameters Based upon the Tetrachoric Method

In his original research (Shiba, 1978) Shiba used the
!! Tetrachoric Method in estimating the item parameters. Tables 51
;} through 5-4 present the estimated item parameters of each test item of
” Tests A5, A6, Jl and J2 obtained by Shiba. Those values were based
;j upon the four separate scales of §, whose origins and units are
i adjusted to the means and standard deviations of the separate ability
:% distributtions of the A5/0599, A6/0412, J1/0614 and J2/0758 Cases,
ff respectively. In these tables and throughout the rest of the paper,
- in order to avoid confusion, each item number is preceded by the name
E‘ of the test. Thus item ASOl indicates item 1 of Test AS, item A604
.
&
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TABLE 5-1

Estimated Item Discrimination Parameter 39 And Difficulty Parameter
59 of Each of the 48 Items of Test A5 Obtained by the Tetrachoric
Method. (Results Provided by the Courtesy of Professor Shiba.)

Item g ag bg Item g ag bg
A501 0.643 -1.737 A541 0.547 -0.042
A502 0.467 -2.882 A542 0.436 -0.675
A503 --- - A543 0.555 -0.619
A504 0.571 -1.412 A544 0.755 0.780
A505 0.664 -1.881 A545 0.709 0.346
A506 0.437 -1.349 A546 0.218 2.068
A507 0.424 -0.077 A547 0.289 0.505
A508 0.683 -1.135 A548 0.416 1.015
A509 1.061 -1.360

A510 0.593 -0.020

A511 0.461 -1.481

A512 0.594 -1.273

A513 -—— -—-

A514 0.777 -1.190

A515 0.450 -1.682

A516 0.380 1.830

A517 -—- -

A518 0.339 -1.995

A519 0.639 -1.282

A520 0.350 -2.636

A521 0.569 -1.275

A522 0.444 G.296

A523 0.075a 7.376A

A524 0.392 -1.451

A525 0.810 -1.398

A526 0.777 0.130

A527 0.076 A 0.925

A528 0.416 1.015

A529 0.494 0.429

A530 0.543 -1.069

A531 -0.050a -26.4764A

A532 0.477 1.184

A533 0.686 -1.096

A534 0.791 -1.467

A535 0.520 -0.520

A536 0.656 -0.146

A537 0.468 -0.755

A538 0.930 0.103

A539 0.658 -0.146

A540 0.378 0.226
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TABLE 5-2

Estimated Item Discrimination Parameter ig And Difficulty Parameter
Bg of Each of the 56 Items of Test A6 Obtained by the Tetrachoric
Method. (Results Provided by the Courtesy of Professor Shiba.)

Item g 2 bg Item g CH by
A601 0.664  -1.862 A641 0.628 0.564
A602 0.517  -2.699 A642 0.673  -0.967
A603 0.776  -1.028 A643 0.707  -0.520
A604 0.581  -1.115 A644 1.132  -0.040
A605 0.596  -0.664 A645 0.472 0.117
A606 1.143  -0.877 A646 0.501  -0.447
A607 0.745  -0.653 A647 0.566 0.792
A608 0.564  -0.204 A648 0.733  -1.590
A609 0.558  -0.431 A649 0.458  -0.432
A610 0.492  -1.132 A650 0.579 0.040
A611 0.660  -0.200 A651 0.611  -0.595
A612 0.794  -0.466 A652 0.281  -0.740
A613 1.085  -0.272 A653 0.572  -0.363
A614 0.519 0.564 A654 0.232 2.918
A615 0.310 0.067 A655 0.833  -0.031
A616 0.570 0.242 A656 0.498  -1.099
A617 0.818  -1.422
A618 0.499  -0.919
A619 0.561  -0.920
A620 0.925  -0.206
A621 0.803  -0.639
AG22 0.546  -1.524
A623 0.452  -1.238
A624 | 0.552 -2.028
A625 | 0.402  -1.607
A626 | 0.508  -0.728
A627 | 0.325  -0.097
A628 | 0.215  -2.900
A629 | 0.626  -0.264
A630 0.631  -0.656
A631 0.591  -0.491
A632 0.597  -1.189
A633 0.383  -0.894
A634 0.923  -1.504
A635 0.707  -2.217
A636 0.635  -1.455
A637 0.475  -0.816
A638 0.421 1.341
A639 0.0344  22.634a
A640 0.561 0.245
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TABLE 5-3

Estimated Item Discrimination Parameter ig
.g of Each of the 55 Items of Test J1 Obtained by the Tetrachoric
(Results Provided by the Courtesy of Professor Shiba.)

Item g

>

a')

rats an etk Madt Salt Sod e Soll sutr MaBculc Sl Salt bl Sndh Sl

Ty NN OO TN Wy YW, wrey .

And Difficulty Parameter

J101
J102
J103
J104
J105
J106
J107
J108
J109
J110
J111
J112
J113
J114
J115

0.668
0.599
0.664
0.727
0.686
0.475
0.497
0.809
0.470
0.678
0.901
0.521
0.553
0.513
0.767

.072
.817
.013
.799
.301
.815
.090
.051
.011
.517
.329
.714
.930
.657
.279

Item g

J141
J142
J143
J144
J145
J146
J147
J148
J149
J150
J151
J152
J153
J154
J155
J156

.549 -0.894
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TABLE 5-4

Estimated Item Discrimination Parameter 4  And Difficulty Parameter
59 of Each of the 60 Items of Test J2 Obtained by the Tetrachoric
Method. (Results Provided by the Courtesy of Professor Shiba.)

Item g ag bg [tem g ag l:sg

J201 0.607 -1.485 J241 1.024 -1.174

J202 --- --- J242 0.764 -0.939

J203 0.517 0.327 J243 0.411 -0.789

J204 0.374 -0.941 J244 | 0.360 -0.266

J205 0.526 -2.126 J245 0.866 -0.122

J206 0.557 -0.904 J246 0.278 0.112

3207 0.754 -1.329 J247 0.541 -0.210

J208 0.415 -2.009 J248 0.404 -1.762

J209 0.859 -0.936 J249 0.743 -0.285

J210 0.609 -1.883 J250 0.717 -0.378

J211 0.681 -0.906 J251 0.906 -0.938

J212 0.671 -1.041 J252 0.591 -0.059

J213 0.593 -1.079 J253 0.598 0.019

J214 0.596 -0.899 J254 0.613 -0.038

J215 0.937 -0.263 J255 1.146 0.066

J216 0.662 -0.598 J256 0.582 0.477

J217 0.515 0.262 J257 0.538 -0.317

J218 0.685 -0.106 J258 0.454 0.121

J219 1.008 -0.310 J259 0.825 0.189

J220 1.174 0.131 J260 0.0914  1.773

J221 0.430 0.341 |

J222 0.721 -0.650

J223 0.462 -1.551

J224 0.697 -0.682

J225 0.689 -1.234

J276 0.688 -0.653

J227 0.663 -0.995

J228 0.667 -1.387

J229 0.653 -1.098

J230 0.603 -1.065

J231 1.195 -1.213

J232 0.890 -1.309

J233 0.354 0.540

J234 0.386 0.028

J235 0.972 -0.631 ?
J236 | 0.917 -0.533 .
J237 0.283 -1.212 f
J238 0.986 0.709 -
J239 0.539 -0.190 s
J240 .92 0.246
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means item 4 of Test A6, and so forth. We can see in these tables
that the estimated item parameters are mostly’ reasonable with a few
exceptions. In these tables, @& 1is attached to each of the estimated
discrimination parameters which assume values less than 0.100 , and
to each of the estimated difficulty parameters which exceed 3.000
in absolute value. Those items which are marked for both estimated
parameters are A523, A531 and A639. We must conclude for these items
that not only the information provided by them for measuring the
ability in question is limited, but their estimated parameters may
include substantial error. The closest to this group of items is {item
J154, whose estimated difficulty parameter exceeds 3.000 in absolute
value and whose estimated discrimination parameter is just 0.100 .
The other group consists of items A527 and J260, whose estimated
discrimination parameters are small, but whose estimated difficulty
parameters are reasonable. There 1s less problem for these two items.
For J1/1075% and J1/2259**% Cases, we followed the same
procedure of Tetrachoric Method independently, and obtained the

corresponding results. To start with, Tables 55 and 5-6 present the

* There was a mistake in the tape sent to us and one subject’s
response pattern (Subject No. 231 of the second grader group) was
missing. Thus actually 1,074 subjects are involved in the whole
process of Tetrachoric Method, as Table 3-2 indi-~ates. In order

to avoid confusions, however, we call it J1/1075 Case, instead of
J1/1074,

** Since J1/2559 Case was analyzed later, the response pattern of the

missing subject had been supplemented, and J1/2559 Case in the
Tetrachoric Method consists of exactly 2,259 subjects.
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