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Conditional P.D.F. Approach for estimating the operating

characteristics of item response categories has been introduced

earlier. In this study , a variation of this approach is intro—

duced , which is called Weighted Sum Procedure, in contrast to

the previous one, which is now called Simple Sum Procedure. The

new method is applied to the same hypothetical data, i.e., the

maximum likelihood estimates of ability of the five hundred

hypothetical subject3 and their responses to the ten binary

items each of which follows the normal ogive model. The cri-

terion item characteristic function for each binary item is

obtained and compared with the one obtained in the simple sum

procedure to find out if the new procedure has possibilities

for a better estimation than the previous one. This is actually

done using “pseudo” criterion item characteristic functions which

adopt the approximated density functions of the maximum likelihood

estimate by polynomials of degree 3, 4 and 5 by means of the

method of moments. Also the Pearson System Method and the Two-

Parameter Beta Method are used for both Degree 3 and 4 Cases in

this variation of the Conditional P.D.F. Approach and the results

are compared. The mean square errors are adopted in evaluating

the resultant~~~timated item characteristic functions and proba—

bility density functions of ability . The two item parameters in

the normal ogive model are also estimated for each item, and

compared with the true parameter values.

~.
s .

~~~ ~~~~~~~~~~~~

S/ N OI02. LF.Ot ~ . 01
Unclassified

SECURITY CL. ASSI F ICA YIGH OF THIS PAG(IIPP..n Data Ent...d)

_ _ _ _  _ _ _ _  - _

______ - - .,~~~• — ~1 
~~ 

~~~~~~~~~~~



ESTIMATION OF THE OPERATING CHARACTERISTICS OF ITEM RESPONSE

CATEGOR IES V : WEIGHTED SUM PROCEDURE IN THE CONDITIONAL

P.D.F. APPROACH

AESTRACT

Conditional P.D.F. Approach for estimating the operating

characteristics of item response categories has been introduced

earlier. In this study ,  a variation of this approach is intro-

duced , which is called Weighted Sum Procedure, in contrast to

the previous one, which is now called Simple Sum Procedure. The

new method is applied to the same hypothetical data, i.e., the

maximum likelihood estimates of ability of the five hundred

hypothetical subjects and their responses to the ten
7
binary items

each of which follows the normal ogive model. T$
’ criterion

item characteristic function for each binary item is obtained

and compared with the one obtained in the simple sum procedure

to find out if the new procedure has possibilities for a better

estimation than the previous one. This is actually done using

“pseudo” criterion item characteristic functions which adopt the

approximated density functions of the maximum likelihood estimate

by polynomials of degree 3, 4 and 5 by means of the method of

moments. Also the Pearson System Method and the Two—Parameter

Beta Method are used for both Degree 3 and 4 Cases in this ‘wart—

ation of the Conditional P.D.F. Approach and the results are coin—

~ared.ç The mean square errors are adopted in evaluating the

resultant estimated item characteristic functions and probability

density functions of ability . The two item parameters in the

normal ogive model are also estimated for each item, and compared

with the true parameter values.

The research was conducted at the principal investigator’s labora—
tory , 409 Austin Peay Hall, Department of Psychology, University
of Tennessee, Knoxville, Tennessee. Those who worked for her as
assistants at various times include Robert L. Trestean, Philip S.
Livingston and Paul S. Changes.
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I Introduction

VariOus methods and approaches have been introduced for the

purpose of estimating the operating characteristics of item response

categories (Samejima, l977b , l977d, 1978a, l978b, l978c). In the

present study, a variation of the Conditional P.D.F. Approach, which

has been introduced earlier, is presented and tried on a set of

simulated data, and the results are compared with those of the earlier

study. The simulated data adopted here are the same ones that were

used in the previous studies, and their characteristics are summarized

in Appendix I. Again In this study ten binary items, each of which

follows the normal ogive model, are used , and the final goal is to

estimate their item characteristic functions. In so doing, as usual,

no prior mathematical forms are assumed for the item characteristic

functions . After the estimation procedure has been completed,

however , the two item parameters in the normal ogive model on the

dichotomous response level, i.e., the discrimination and difficulty

parameters , are estimated by a least square method , and the results

are compared with the true parameter values.

In addition to the item parameter estimation, in the present

study, the mean square error and its square rooted value of the

estimated item characteristic function from the true item characteristic

function is computed as an index of accuracy of estimation of each

item characteristic function. The same index is used in evaluating

the estimated probability density function of the latent trait, which

is obtained in the process, against the true density function.

The asymptotic property of the maximum likelihood estimate,

_ -_ L 1
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i.e.,  the normality of its conditional distribution, given the latent

trait 0 , with 0 itself as the first parameter and the inverse

of the test information function 1(0) as the second parameter (cf.

Samejima, 1975, l977a, l977b), has an important role. The probability

density function of the maximum likelihood estimate is approximated

by a polynomial of degree 3, 4 or 5 by the method of moments (Elderton

and Johnson, 1969; Johnson and Kotz, 1970), and these cases are called

Degree 3, 4 and 5 Cases, respectively.

— — a~ .~ ~~~~~~~~~~~~~~~~~~~ -
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II Conditional P.D.F.  Approach

The Conditional P.D.F. Approach has been introduced earlier

as the Conditional P.D.F.  Method , as a variation of the Two—Parameter

Beta Method (Samej ima , l978a) . Let ~( 0 I O )  be the conditional

density function of ability 0 , given its maximum likelihood estimate

We can write

-‘ A A —l(2.1) •( O I e ) — ~p (0I0) f(O) [ J ~,(e Ie) f(0 )  do]

— Ip (O J 8)  f (0 )  (g(O) ]~~ ,

where ~P ( O I 0 )  is the conditional density function of 0 , given 0 ,

f(0 )  is the probability density function of ability 0 , and g(a)

is the probability density function of the maximum likelihood estimate

a .
By virtue of the asymptotic property of the maximum likelihood

estimate and the constancy of the test information function of the

Old Test, the conditional density ~p (0I0) is approximated by the

normal density n(0,a2), where a2 (21.63)
_i — 0.046225 . Because

of this fact, although the density function +(e I~
) given by (2.1)

is not observable in the empirical situation, it is possible to

estimate the conditional moments of ability 0 , given the maximum

likelihood estimate § , provided that the density function g(6)

is estimated. That is to say, we can derive the following equations.

(2.2) E ( eI ô)  § + 02. -~~~~- log g(~) — + a2(~~~
_ g(~)][g(Ô)J~~.

(2.3) Var. (0I~) — ~2(l + ~2 
~~~ 

log g(é)]

— 02 (1 + ~~~~~~~~~~~~~~ — (.. .. g(6) J 2}{g(6) }
2].

r~~
9 ~~~~~~~~~~~~~~ 

.~~~
) . .
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(2.4) E[(O — E ( e f 0 ) } 3 ( ~ ] ~ _~~6~_~~~ log ~~~~~ 
2

_a 6[{g(ê)}2 ._~~~~g (O) — 3 g(~ )’-~~- g(G) •-~~~~g(~ )

+ 2{-~~- g(fl ) }~ ] {g(O) } 3]

(2.5) E E {0  — E(O~O)}kJ0] — + 6a 2 [_ ~~2 log g(6) } + 3o~ {-~1~ log g(Ô) )2

+ a~ (-~~~ log g(~ ) }]

= + 6a2{[g(~).~~~ g(~) — 

~* 
g(~)}2~ [g(~)]

2}

+ 3d’ ~~~~~~~~~~~~~~ — {.._
~~~~

... 
g (

~~~~) }2 ~~~~2 [ g ( ~~~~) ]
_l

+ ci~ [f g(~)}~ •-. g(~) 
— 4 {g(~ )}2 ._

~~_ g ( ~ ) ._. g(6)

— 3(g(~) }
2(_ ~~~ g(~~) }2~~ 12 g(~ ) {...~~

... g(~ ) } 2....~~~~ g(~)

— 6{-~~- g(e) } )[ g(~)J ] .

The density function g(~ ) is approximated by a polynomial of degree

3, 4 or 5 , using the method of moments , and its first through fourth

derivatives provide us with the estimates of the first through fourth

conditional moments of 0 , given 0 , by means of (2 .2)  through

(2.5) . If we choose to use all these four estimated conditional

moments, it leads us to the Pearson System Method, and, if we use

only the first two estimated conditional moments, we will end up with

using either the Normal Approach Method or the Two—Parameter Beta

Method. That is to say , in the Pearson System Method , we compute

Pearson ’s criterion K using all the four estimated conditional moments,

and , depending upon the value of K , one of the Pearson’S distributions

is selected to approximate the conditional density 4(0I9) ; in the Normal

Approach Method, the first two estimated conditional moments are used as

the two parameters of a normal distribution, and the resultant normal

density function is used as the approximation to the conditional

.

- ,.. ~~~~~~~~ .±_~~-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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density ~~0I 0 )  ; and in the Two—Parameter Beta Method the two parameters ,

which are the end—points of the interval for which the Beta density

function assumes positive values , are a priori given , and the other two

parameters are estimated from the estimated first  two conditional

moments , to approximate the conditional density 4(eI0) by a resultant

Beta density function.

The estimated item characteristic function ~~ (O) in the conditional

P.D.F.  Approach has been given by

N
(2.6) ~ (0) — E ~(e J~~)[  Z ~(0~~~)]~~g scG s1

where C is the group of examinees who answered item g correctly ,

N is the total number of examinees, which is 500 in the present set

of data, and 3(0I0~) is the estimated conditional density of U

given e~ . If we use the true conditional density 41(0 10 ) instead

of 3(0I~~~) in (2.6), which is observable only in the simulation work,

(2.6) will provide us with the criterion item characteristic function,

which is the maximal attainable estimate of the item characteristic

function we can hope for, using the same approach and set of data.

-T~~~~~
- 

~~~
• ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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III Weighted Sum Procedure

We generalize (2 .6 )  in the form

N
(3.1) ~ (U) ~ w(0 ) 3(010 ) [ Z w(0~) 3( O l 0 ~ ) ] l

sEG s l

where w(05
) is a weight assigned to the maximum likelihood estimate

of each examinee s . In this way , (2.6 ) can be regarded as a special

case of (3.1) where w(~ 5) 1 for every examinee s . To distinguish

the current procedure from the one based on (2.6) , however , we shall

call the present one the Weighted Sum Procedure, as distinct from

the previous one which will be called the Simple Sum Procedure, of

the Conditional P.D.F.  Approach .

We can define w(~~ ) in any appropriate way in order to make

the estimation of the operating characteristics, hopefully , more

accurate , or as accurate as the one in the Simple Sum Procedure

to provide us with more varieties of techniques . In the present

study, the weight is defined and used as follows .

(1) All the 500 maximum likelihood estimates are arranged in

the ascending order.

(2) To each maximum likelihood estimate, an interval of ~ which

starts with the midpoint between the maximum likelihood estimate

and its adjacent, lover maximum likelihood estimate, and ends

with the midpoint between the maximum likelihood estimate and

its adjacent, higher maximum likelihood estimate is assigned. For

the two extreme values of maximum likelihood estimate, the missing

endpoints are supplemented by extending, in each case, the same

distance between the maximum likelihood estimate and the available

endpoint to the other direction.

-

~

-.

~

—-‘..

~

---. - - . —

~
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(3) The interval thus defined is multiplied by the estimated

densi ty,  g(O~) . This estimated density is provided by the

polynomial of degree 3 , 4 or 5 , which has been obtained by

the method of moments applied for the set of 500 maximum likelihood

estimates.

Just as before , when we replace 3 (e I 0~) in (3.1) by the true

conditional density 4 1 ( 0 1 0 ) ,  we obtain the criterion item character-

istic function . It is also possib le that we use the theoretical

in the weight adopted for the criterion item characteristic

function, through

(3.2) g( O ) — 
1: ~p(65j0) 

f (0 ) do

where f (0 )  — 0.2 in the interval of 0 , (—2.5, 2.5), and f(0) 0.0

otherwise. Since the purpose of obtaining the criterion item

characteristic function is to provide us with the maximal possible

result obtainable from the current set of maximum likelihood estimates,

however, it can be said that the use of (3.2) in the weight w(~ 5) will

contradict our purpose. For this reason, we adopt the same weight

used for the estimated item characteristic functions for the criterion

item characteristic functions. Thus we have obtained a set of three

criterion item characteristic functions for each item, by using the

polynomials of degree 3, 4 and 5 for g(
~
) respectively. To distinguish

them from one another , we shall call them Pseudo criterion Item Charac—

teristic Functions of Degree 3, 4 and 5 Cases, respectively.

The three sets of weights used in Degree 3, 4 and 5 Cases are

presented in Appendix It .  The polynomials used as g(~ ) in these

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~:
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three cases are as shown below .

( g(O) — 0.22416 — 0.003510 — 0.0187302 + 0.O0O950~

g(O) = 0.19620 + 0.002380 + 0.0131902 — O.O0O620~ — 0.004270’
(3.3) ~ g(O) — 0.19539 — 0.006380 + 0.0144902 + O.004O50~ — 0.004490’

( — 0.000480~

As we have observed before (Samejima, 1977d) , the approximated density

functions are similar for Degree 4 and 5 Cases , but the one in Degree

3 Case is substantially different from the other two .

It should be noted that the weight adopted in the present study

has the meaning of the approximated probability assigned to each value

of the maximum likelihood estimate. In other v6rds, instead of taking

the area under the polynomial for the subinterval of 0 , it is

approximated by the area of the rectangle which is the product of the

width of the sub interval and the value of the polynomial at 8 —

For this reason , the denominator on the right hand side of (3.1)

can be considered as the approximation to the density function of ability

o , i.e.,

N
(3.4) 

~
(0) — E w(0 ) ~(OI0 ) .s l

This estimated density function of ability is the sum total of the .

numerator of (3.1) and E w( O ) ~( 0 l 0  ) , where G indicates
scG

the group of examinees who did not answer item g correctly . Here—

after , we shall call them the estimated shared density of 0 the

success group, and that ~~ the failure group, respectively .

— ~~~~~~~~~ •. ~ I — — _____________________________ __________________
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IV Two Methods Used for ~p~roximating the Conditional Density
Pearson System Method and Two—Parameter Beta Method

In the previous research, when we adopted the Simple Sum

Procedure of the Conditional P.D.F. Api roach, we used three diff erent

methods, i.e., Pearson System Method, N,rmal Approach Method, and

Two—Parameter Beta Method, and in each method we distinguished two

cases from each other, i.e., Degree 3 and 4 Cases (cf. Samejitna,

l978a , l978b , l978c). Since the same approximated density functions

can be used in the Weighted Sum Procedure, it will be meaningful to

review several problems which we encountered in the previous research.

All the 500 hypothetical subjects are numbered 1 through 500, and

in the following descriptions these numbers are used as the subjects’

identifications. F
(1) The estimated density ~(0) turned out to be negative:

Degree 3 Case : None .
Degree 4 Case: #2.

(2) The estimated conditional variance Var.(0IO ) turned out
to be negative : 

-

Degree 3 Case : None .
Degree 4 Case: #99 , 101, 201, 296 , 299 , 300 .

(3) The estimated fourth conditional moments E({0 — E ( 0 10 5) }” 1 65]
turned out to be negative:

Degree 3 Case: #2.
Degree 4 Case: (Note all the examinees in (2) are also here.)

• #1, 3, 4 , 98 , 99 , 101, 199 , 201, 296 , 299 , 300 ,
401, 500.

For these reasons , in the Two—Parameter Beta Method , seven examinees

mentioned in (1) and (2) are excluded in Degree 4 Case , whereas in

Degree 3 Case all the f ive hundred exaininees are used; in the Pearson

* ______ 
-

- TU - - - -  -- ——-—-- — --—----— J~7. -
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System Method , since we need up to the fourth conditional moments

to compute Pearson ’s criterion K (Samejima, 1977d), all the fourteen

examinees mentioned in (1) , (2) and (3) are excluded in Degree 4 Case,

whereas only one examinee is excluded in Degree 3 Case; and, in the

Normal Approach Method , although we need only up to the second condi-

tional moments and, therefore, the exclusion can be only for the

examinees mentioned in (1) and (2) , the fourteen examinees mentioned

in (1) , (2) and (3) are excluded in Degree 4 Case, and the one examinee

is excluded in Degree 3 Case , in order to make the results comparable

with those of the Pearson System Method .

It happened later that, in the Pearson System Method, for three

examinees, #100, 104 and 198, to which Beta density functions were

assigned because of the negative values of the criterion K , the

two estimated parameters, p0 and q0 , such that

(4.1) p0, q0 (r12) (l ± (r+~){81(81(r+2)2 + 16(r+l) ]
_ 1}l’2 1

where

(4 .2)  r — 6 (8 2 — 8i 
— l)(6 + 3B

i 
— 28

2
)
_i

and

(4.3) 8~ — {Efle — E(8 16fl 3 1ô)} 2 {E ( [0 — E(eI~)]2I6)r3 ,

(4.4) 82 — EUO — E ( 0 I Ô ) )~ IÔ) {E(0 — E(0l~)]2f~))
2

turned out to be negative values, which are very close to zero. For

this reason, these three examinees are excluded in the Pearson Systs.

Method , in addition to the fourteen subjects who were already szcludsd.

As the result , th. number of examinees used in each case of each method

~~ ~~~~~~ — 

‘ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 
— 
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is as presented in Table 4—1.

In the Pearson System Method , it turned out that only three

types of Pearson ’s distributions, i.e., the normal distribution,

Pearson ’s Type I distribution, and Pearson ’s Type II distribution,

are assigned to these examinees, as the result of the values of Pearson ’s

criterion K . The frequencies for these three categories are shown

as Table 4—2 .

As we can see in Table 4—2, in both Degree 3 and 4 Cases , the

majority of the examinees belong to the category of the normal distri-

bution . For this reason, it will be meaningless to use both Pearson

System Method and Normal Approach Method in the present study , since

we should expect that the results are practically the same. We shall

adopt , therefore , only two methods for approximating the conditional

density $(0I8~) , i.e., Pearson System Method and Two—Parameter

Beta Method. (For the detail of these methods, see Samejima, l978a ,

1978b.)

— 
~~~~~~~~~~~~~ 

— - 
— 
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TABLE 4—1

Number of Examinees Used in Each Case of Each Method

DGR. 3 Case 4 Case
Method \ 

________________________

Two—Parameter 500 493
Beta

Normal 499 486
Approach

Pearson 499 483
System

TABLE 4-2

Number of Examinees Assigued to Each of the Three
Types of Pearson ’s Distributions in Pearson Sys tem

Method

DCR. 3 Case DCR. 4 Case
Distribution\ 

_______________________

Normal 483 404

Type t 6 38 (41)

Type tl 
— 

10 41

Total 499 483 (486)

., ~~~~~~~ ..‘al.. .I.,l!..,, —
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V Results I: Estimated Density Functions of Ability

Figure 5—1 presents the three estimated density functions of

ability 0 obtained by the Weighted Sum Procedure, based on the

true conditional density function of ability 0 , given its maximum

likelihood estimate 
~ 

, which also are the denominators of (3.1)

for the Pseudo Criterion -Item Characteristic Functions of Degree 3,

4 and 5 Cases, respectively. In the same figure , the corresponding

estimated density function of ability 8 obtained by the Simple

Sum Procedure is drawn for comparison , together with the theoretical

density function of 0 . We can see that the estimated density

functions of 0 in Degree 4 and 5 Cases are almost identical, and

the closest to the theoretical density, f(0) , whereas the one in

Degree 3 Case is substantially different from these two and from the

theoretical density function. The mean square error , which is given

by

(5.1) —i— E [1(0 ) — f(~ )]2tm
j—1 j

where m — 25 and O
j
’S are —2.4 through 2.4 with the step of 0.2

was calculated for each estimated density function , 1(0) . It turned

out to be 0.00007 (0.00863) for Degree 5 Case, 0.00009 (0.00972) for
0

Degree 4 Case, 0.00060 (0.02450) for Degree 3 Case, and 0.00017 (0.01316)

for the Simple Sum Procedure. (The numbers in the parentheses are the

square roots of the mean square errors.) It can be concluded, therefore, -

that there is some improvement in the accuracy of estimation of the density

of ability 0 in Degree 4 and 5 Cases of the Weighted Sum Procedure,

in comparison with the estimation - by the Simple Sum Procedure, although

the same is not true in Degree 3 Case of the Weighted Sum Procedure.

Hi- L
L I - - - - 
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The above are the results when we use the theoretical conditional

density $(8~e5) in (3.4) in place of the estimated conditional density

~(OI~~
) , and are observable only if we use simulated data. Since

they indicate the maximal possible attainment that we can expect when we —

apply these procedures for the given data, however, we can say that

these results suggest a positive prospect of the current method.

Figure 5—2 presents the estimated shared densities of 0 by

the failure and success groups, which were described in Section 3,

for each of the ten binary items, using the theoretical conditional

density 41 (O~0) in the process. In other words , for each item,

the sum of these estimated shared densities by the failure and success

groups makes the estimated density 1(0) in each case, which is

presented in Figure 5—1. In these graphs, the actual frequency ratios

of 8 for the separate item score groups are also shown as histograms,

using 0.25 as the width of subintervals. The theoretical shared

densities are given by

( — 0.2 P (8) for —2.5 < 0 < 2.5
(5.2) f(O) P (0) ‘

~ g
g — 0.0 otherwise 

- . -

p
for the success group , and

( 0.2[l — P (0)] for —2.5 < 8 < 2.5
(5.3) f(8) [l — P (0) ] 4 g

— 0.0 otherwise

for the fa ilure group , where P
5

(8) is the item characteristic function

in the normal ogive model which is defined by

~ ( 0—b )
(5.4) P

g
(O) — [2iri~

1
~
f2 g exp [—t2/2] dt

The two parameters , a~ and bg 
for each item are shown in Tables

6—3 , 6—5 and 6—7 , and Tables 6—4 , 6—6 and 6—8, respectively .
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These graphs show , as was expected , that the estimated shared

densities are practically the same for Degree 4 and 5 Cases of the

Weighted Sum Procedure , and they are close to the theoretical shared

densities, in contrast with those in Degree 3 Case. Those obtained

by the Simple Sum Procedure are , generally speaking, not as close as

those in Degree 4 and 5 Cases of the Weighted Sum Procedure to the

theoretical shared densities , and there is a slight tendency that

the former are closer to the frequency ratios of 0 (cf. items 6 and

10)

The practically identical results produced by Degree 4 and 5

Cases in both the estimated densities of ability 0 and the estimated

shared densities of ability by the failure and success groups were

anticipated from the fact that the two polynomials of degree 4 and 5,

which approximate the density function , g(O) , are very similar

( c f.  Section 3). For this reason , when we adopted Pearson System

Method or Two—Parameter Beta Method to approximate the conditional

density ~~~~~~~ we dropped Degree 5 Case and dealt only with Degree

3 and 4 Cases . In these situations, the results obtained in Degree 4

Case by using the theoretical density 4p (0169) will be used as criteria

for evaluating the outcomes by these methods, representing the three

sets of results by Degree 3, 4 and 5 Cases of the Weighted Sum Proce-

dure. We shall call them those of Pseudo Criterion Degree 4 Case.

Figure 5—3 presents the estimated densities of ability 0 by

Degree 3 and 4 Cases of the Pearson System Method, together with those

obtained by the Simple Sum Procedure by using the theoretical density

$(e16 ) and by the Pseudo Criterion Degree 4 Case, and the theoretical

density f(0)  .

______  

______
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We can see in this figure that, unlike those other curves

which are obtainable only when we use simulated data , both results

show “tails” outside the interval of 0 , ( — 2 . 5 , 2.5) . We can

also see that these tails are more conspicuous for Degree 3 Case

than Degree 4 Case, although we must keep in mind that , in Degree

4 Case , seventeen examinees having extreme values of the maximum

likelihood estimate are excluded , while, in Degree 3 Case, only

one such exatninee is excluded. These results are similar to the

corresponding results obtained by the Simple Sum Procedure (see

Santej ima , l978b , Figures 5—2 and 5—3 , pages 47 and 48) . The curves

are visibly smoother in the present results, however, which reflect

the influence of the weight, w(~5) • It is also clear that, in

the present results, the curve obtained by Degree 4 Case is much

closer to the theoretical density f(8) than the one obtained by

Degree 3 Case.

The estimated shared densities of ability by the failure and

success groups are presented in Figure 5—4 for each of the ten binary

items, together with those obtained by the Simple Sum Procedure by

using the theoretical density •(0I~~) , the actual frequency ratios -
~~~

of 0 , and the theoretical shared densities. There is a conspi—

cuous tendency that the curves for Degree 4 Case are closer to the

theoretical curves than those for Degree 3 Case, in every item.

If we compare the results obtained by Degree 4 Case of the Weighted

Sum Procedure with those obtained by the Simple Sum Procedure using

the theoretical conditional density •(0I~~
) , we can say that they

are competitive , and around the interval of 0 , (0.5 , 1.5) , the former

- _
_ . _

•_
_

_—I-- 
- -—— -

. 
- - .--- --‘-—

- 5Lt~~~. — — Ii p~~~j ~~ i~
41;~1i~ ~~~~~~~~~~~~~



I

—29—

are even visibly closer to the theoretical curves than the latter

in most cases.

The “tails” outside of the interval of 0 , (—2.5, 2.5), are

conspicuous especially in Degree 3 Case. In relation with this ,

the decline of the curve within the interval of 0 , (—2.5, 2.5),

is substantial around the endpoints of the interval, and this is

more so for Degree 3 Case than Degree 4 Case.

The mean square errors and their square roots of the estimated

density functions , f ( O ) , which were obtained in the same manner

as described earlier in this section, turned out to be 0.00136 (0.03688)

in Degree 3 Case, and 0.00112 (0.03347) in Degree 4 Case , respectively.

Although these values are substantially greater than the corresponding

values for the Pseudo Criterion Degree 3 and 4 Cases , i .e.,  0.00060

(0.02450) and 0.00009 (0.00972), still we can say that they are reason-

ably small, considering that the theoretical density is 0.2 for this

interval of 0 .

The results corresponding to Figures 5—3 and 5—4, which were

obtained by using the Two—Parameter Beta Method for approximating

the conditional density $(0 1ö 5) , are presented as Figures 5—5 and

5—6 respectively . We can see in Figure 5—5 that the estimated

density functions of ability, £(0) , in Degree 3 and 4 Cases are

very similar to those obtained by the Pearson System Method , as was

the case with the Simple Sum Procedure of the Conditional P.D.F.

- Approach (cf. Sam.jima , 1978b, Figures 5—2 and 5—3 , pages 47 and 48).

Again the result obtained by Degree 4 Case is such closer to the

theoretical density f(O) , compared wi th the one ob tained by Degree

_ L~~— 
_ _ _
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3 Case. The estimated shared densities of ability by the failure

and success groups are also very similar to those obtained by the

Pearson System Method , and, therefore, the same comments made earlier

also hold for the present results of the Two—Parameter Beta Method.

The mean square errors and their square roots of the estimated

density functions, ~(0) , are 0.0136 (0.03684) for Degree 3 Case,

and 0.00050 (0.02237) for Degree 4 Case, respectively. Compared with

the corresponding values obtained by the Pearson System Method , they

are about the same in Degree 3 Case, and slightly less in Degree 4

Case.

The fact that we have obtained very similar results by the

Pearson System Method and the Two—Parameter Beta Method does not

strike us as a sut~prise. ft fact, it was expected, considering that

the same was true with the corresponding results obtained by the

Simple Sum Procedure (cf. Samejima, 1978b).
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VI Results II: Estimated Item Characteristic Functions

Figure 6—1 presents the Pseudo Criterion Item Characteristic

Functions of Degree 3, 4 and 5 Cases, which were described in Section

3, together with the criterion item characteristic function by the

Simple Sum Procedure, the actual frequency ratios of 0 , and the

theoretical item characteristic function , Pg
(O) for each of the

ten binary items. We can see that for all the ten items the three

pseudo criterion item characteristic functions are almost identical.

This is an interesting result considering that both the estimated

density function , 1(0) , and the estimated shared density functions

by the success and failure groups for the ten items- are substantially

different in Degree 3 Case from those in Degree 4 and 5 Cases. If

we compare these three pseudo criterion item characteristic functions

by the Weighted Sum Procedure with the criterion item characteristic - -

function by the Simple Suni Procedure for each item, it is diff icul t

to say which is closer to the true item characteristic function.

It may be said -that for items 1, 5 and 10 the former group of the

pseudo criterion item characteristic functions is closer, and for

items 2, 3 and 6 the latter is closer.

Tables 6—i and 6—2 present the mean square errors of these

criterion item characteristic functions which are given by

(6.1) E [~ g(0j) — Pg (Oj ) 12 
- 

-

where m — 25 and covers —2.4 through 2.4 with the step of 0.2 ,

and their square roots. Note that in this situation both the maximal

possible value of the mean square error and that of its square root

are unity. If we compare the three columns in these tables which

______

- I,’ — ‘T’ r~.r - —-—-

~ -- ~~~~ .-. - ~~~~~~~~~~~~~~~ 
I 

- ~~~~‘~~~_~~~~~~~~~ i _ -
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are labeled “PSEUDO” CRITERION DGR.3 DGR.4 DCR.5 with the column that

is labeled SSP (Simple Sum Procedure) CRITERION, the rough observations

made for Figure 6—1 are confirmed. In general, these values are

close among the four cases, although they tend to be slightly less

for the Simple Sum Procedure. We also notice that the fairly large values

in the column labeled APR (Actual Frequency Ratio) are somewhat amelior—

ated in these four columns for the criterion item characteristic functions,

even though there is a tendency that, if the value is large for the

actual frequency ratio it is also large for the other four cases.

The estimated item parameters, a
8 

and bg in the normal ogive

model are shown in Tables 6—3 and 6—4 for these four types of criterion

item characteristic functions, for each of the ten binary items. These

values were obtained using the least square principle, applied for , at

most, m — 25 values of ~g
(9) excluding those greater than 0.95

or less than 0.05 We can see that these four sets of results are

close, and there is a tendency that the estimates .of the difficulty

parameter , , are slightly better for the criterion item character-

istic functions of the Simple Sum Procedure than for the three sets

of pseudo item characteristic functions, whereas no such a tendency is

observed for the discrimination parameter estimates, 
~g 

Generally

speaking, the difficulty parameters are more accurately estimated

than the discrimination parameters in all cases. It is also noticed

that, when the discrimination parameter takes a large value, its -

estimate tends to be much less than the true value, no matter what

procedure is used. It is noted , moreover, that the parameter estimation

tends to be more accurate for the items of intermediate difficulties

than for those which are either very difficult or very easy.
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TABLE 6-3

Estimated Item Discrimination Parameter , ~ , Obtained from
the Three Pseudo Criterion Item Characteri~tic Functions of
Degree 3, 4 and 5 Cases of the Weighted Sum Procedure of the
Conditional P.D.F. Approach , with the One Obtained from the
Criterion Item Characteristic Function by the Simple Sum

Procedure (SSP) , for Each of the Ten Binary Items.
Estimation Is Based on the Least Squares Principle)
Using, at Most, 25 Points of 0 in the Interval,

I—2.4, 2.4], Excluding the Points for Which
P
g
(O) Is Less Than 0.05 or- Greater Th8~~0.95 a

NPS EIjCOU CRITERICI4 5SF

ITEM TRUE OGR.3 CGR.4 CGR.5 CRITERION

1 1.5 2.l13~ 1.c785 2.0145 1.400~
2 1.0 1.013 1.040 1.G3 1 1.024

3 2.5 1.707 1.711 1.710 1.788

4 1.0 0.856 0.902 0.902 C.8~8

5 1.5 1.~ 35 1.~~ 1 1.L43 1.368

6 1.0 C.76C 0.119 0. 775 0.895

2.0 1.530 1.!37 1.537 1.473
Ia.

8 1.0 0.880 0.510 C.S1C C.~ 86

S 2.0 1.775 1.114 1.123 1.716

10 1.0 C.92 1 0.888 C.BS B 0.725

THE NUMBER CF INTERVAL S USED IN ESTIMATION IS
SHCWN A S A SUBSCRIP T WHEN IT IS LESS THAN 6.

- ~~~~~~~~~~~~~~~~~~~~ __ ‘ ,V~~~~ - ‘ - ~~~~~~~
-‘

~~-
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TABLE 6-4

Estimated Item Dif f icu l ty  Parameter , £ , Obtained from the
Three Pseud-0 Criterion Item Characte~ lstic Functions of
Degree 3 , 4 and 5 Cases of the Weighted ~um Procedure of
the Conditional P.D.F. Approach , with the One Obtained
from the Criterion Item Characteristic Function by the
Simple Sum Procedure (SSP) , for Each of the Ten Binary

items. Estimation Is Based On the Least Squares
Principle, Using, at Most, 25 Points of 0 in the
Interval, [—2.4 , 2.4], Excluding the Points for
Wh ich P

g(O) Is Less Than 0.05 or Greater Than 0.95.

PS EUCC~ CRITER IC N SSP

ITEM TRUE CGR.3 CGR.4 CGR.5 CRITERION

1 —2.5 
- 
—2.3545 —2.385~ —2.3795 —2.6515

2 —2.0 —2.046 —2.C09 —2.C15 —2.002

3 —1.5 —1.491 —1.4e3 —1.483 —1.507

4 —1.0 —0.554 —0 .550 —0.952 — 1.005

5 —0.5 —0.503 —0.499 —C.451 —0.472

6 0.0 —0.100 —0.104 —0.105 —0.075

7 0.5 0.621 0.615 C.615 0.527

8 1.0 1.022 1.001 1.001 
- 

0.581

9 1.5 1.486 1.488 1.488 1.502

10 2.0 2.151 2.151 2.170 2.118

TIE NUMeER OF INTERVALS USED IN EST IMATICP IS
SHCWN AS A SUESCRIPT WI—EN IT IS LESS TI-AN 6.

a’ 4. - ~~~~~~~~~~~~~ ~~~~~~~~~~~
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The estimated item characteristic functions in Degree 3 and

4 Cases of the Pearson System Method for each of the ten binary items

are presented in Figure 6—2, in comparison with the true item charac-

teristic function, the actual frequency ratios of Q , and the criterion

item characteristic function by the Simple Sum Procedure. Just like

the case of their corresponding pseudo item characteristic functions,

these two curves for- each item are almost identical with each other

for the interval of 0 , (—2.5, 2.5). In addition to this, the

comparison of Figure 6—2 with Figure 6—1 makes us realize that these

two curves are practically the same as those of the Pseudo Criterion Item

Characteristic Functions of Degree 3, 4 and 5 Cases. We recall that

the same finding resulted between the set of estimated item character-

istic functions obtained by the Pearson System Method, and also those by

the Normal Approach Method and the Two—Parameter Beta Method as well,

- - and the criterion item characteristic function, for each binary item,

when we applied the Simple Sum Procedure of the Conditional P.D.F.

Approach (cf. Samejixna, 1978a , 1978b). The mean square errors and

their square roots to evaluate these estimated item characteristic

functions , which were obtained in the same way that was described earlier, - 
-~~

using (6.1), are presented in Tables 6—1 and 6—2, in the columns titled PSM

(Pearson System Method) DGR. 3 DGR. 4 - A close examination of these

numbers confirms that they are very close to the corresponding values

for the Pseudo Criterion Item Characteristic Functions of Degree 3 and a

4 Cases a It should be added that the comparison of the present results

with those obtained by the criterion item characteristic functions by

the Simple Sum Procedure also provides us with the comparison with
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those obtained by the Pearson System Method in the Simple’Sum Procedure,

since, as was mentioned earlier, the latter two sets of results are

practically identical,

Tables 6—5 and 6—6 present the estimated item parameters, ag

and b
5 

, respectively. These values were obtained in the same

manner as described for the pseudo criterion item characteristic

functions. We can see that these estimated parameters are as good

as those obtained from the Pseudo Criterion Item Characteristic

Functions of Degree 3 and 4 Cases, and also those obtained from the

criterion item characteristic functions by the Simple Sum Procedure . -

Again , the estimated difficulty parameters, 
~g 

turned out to be

closer to the true parameter values , compared with the estimated

discrimination parameters, . Also there is a tendency that for

large values of the discrimination parameters , like those of items

3 , 7 and 9 , the estimated paramete r values are smaller than the true

paramete r values .

It is Interesting to note - that some estimated parameter values

are even closer to the true values than those obtained from the Pseudo

Criterion Item Characteristic Functions of Degree 3 and 4 Cases, We

should not put an emphasis on this faét , however, since the differences

are very small,

From the observations made so far , we can conclude that Pearson

System Method in the Weighted Sum Procedure with the weight described

in Section 3 works as accurately as the one in the Simple Sum Procedure ,

in both Degree 3 and 4 Cases , as far as the present simulated data

are concerned .

- ,r’ — - - -~~~ — 
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TARLE 6-5

Estimated Item Discrimination Parameter , ~ , Ob tained from
the Two Estimated Item Characteristic Funckons by Degree 3
and 4 Cases of the Pearson System Method (PSM) of the Weighted
Sum Procedure of the Conditional P.D.F. Approach , with the
One Obtained from the Criterion Item Characteristic Function
by the Simple Sum Procedure (SsP), for Each of the Ten Binary
Items. Estimation Is Based on the Least Squares Principle,
Using, at Most, 25 Points of 0 in the Interval, [—2.4, 2.4]
Excluding the Points for Which p (0) Is Less Than 0.05 or

Greater Than g 0.95

PSM SSP

ITEM TRUE DGR.3 OCR.’. CRITERICN 
- 

-

1 1.5 1.7875 1.461~ 1.4005

2 1.0 1.10’. 1.257 - 1.C24

3 2.5 1.133 - 1.U2 1.188

4 1.0 0.5C6 0.903 C.868

5 1.5 1 .649 1.650 1.368

6 1.0 0.179 0.903 C.855

7 2.0 1.539 1.541 1.473

8 1.0 0.906 0.816 0.886

9 2.0 1.704 1.630 1.716

10 1.0 0.894 0.527 0.725

TilE NUMBER OF INTERVALS USED 114 ESTIMATION IS
SHOWN AS A SUBSCRIPT WHEN IT I S LESS THAN 6.

- • 
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
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TABLE 6-6

Estimated Item Difficulty Parameter, ~ , Obtained from the
Two Estimated Item Characteristic Func~ ions by Degree 3 and
4 Cases of the Pearson System Method (PSM) of the Weighted
Sum Procedure of the Conditional P.D.F. Approach , with the
One Obtained from the Criterion Item Characteristic Function
by the Simple Sum Procedure (SSP), for Each of the Ten Binary
Items. Estimation Is Based on the Least Squares Principle,
Using, at Most, 25 Points of 0 in the Interval , ( — 2 . 4 , 2 .4 ] ,
Excluding the Points for Which P (0) Ii Less than 0.05 or

Greater Than g 0.95

PSM SSP

ITEM TRUE DGR .3 DGR .4 CRITERION

1 —2.5 —2.442~ 2.5945 — 2 .651~
2 —2.0 —1.557 —1.854 — 2.002

3 —1.5 —1.415 —1.453 —1.501

4 —1.0 —0.945 —0.548 —1.005

5 —0.5 —0.458 —0.459 —C.472

6 0.0 —0.103 —0.148 —0 .015

7 0.5 0.616 0.615 C.521

8 1.0 1.C0 1 1.021 C. 581

9 1.5 1.491 1.507 1.502

10 2.0 2.178 2.140 2.118

TIE t~UM8ER OF INTERVALS USED IN EST IMATICN IS
SHOWN AS A SU8SCRIPT WHEN IT IS LESS THAN 6.

____
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Figure 6—3 presents the estimated -item characteristic functions

of the ten binary items obtained by the Two-Parameter Beta Method of

the Weighted Sum Procedure of the Conditional P.D .F. Approach , for

both Degree 3 and 4 Cases , along with the criterion item characteristic

functions by the Simple Sum Procedure , the actual frequency ratios of

0 , and the theoretical item characteristic functions. We can

see that , although there are some discrepancies around the endpoints ,

the two curves provided by Degree 3 and 4 Cases are almost the same

for the interval of 0 , (—2 ,5 , 2.5) , for which the theoretical

density function, f(0) , assumes the positive constant, 0.2

Also a close comparison of Figure 6—3 with Figure 6—1 reveals that

the two estimated item characteristic functions ~~ the Two—Parameter

Beta Method are practically identical with the Pseudo Criterion Item

Characteristic Functions of Degree 3 and 4, for every binary item.

The relationship between the present results and those obtained by

the Two—Parameter Beta Method of the Simple Sum Procedure of the

Conditional P,D.F. Approach is, therefore, very similar to the one

between the Pseudo Criterion Item Characteristic Functions of Degree

3 and 4 and the criterion item characteristic functions by the Simple r
Sum Procedure , which was described earlier in this section ,

The mean square errors and their square roots are presented

in Tables 6—1 and 6—2 under the title TPBM (Two—Parameter Beta Method)

DCL, 3 DGR. 4 , which were calculated in the same manner as described

earlier , We can see that these values are very close to the corres—

ponding values for the Pearson System Method, and those for the Pseudo

Criterion Item Characteristic Functions of Degree 3 and 4 Cases , which

I
- 

- —~~~~~~ ~~~~ 
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are shown in the same tables .

Tables 6—7 and 6—8 present the estimated discrimination

parameters , ag , and d i f f icul ty  parameters , S8 , respectively ,

for the ten binary items, together with the true parameters and

their estimates from the criterion item characteristic functions

by the Simple Sum Procedure. Again these results are very similar

to those obtained by the Pearson Syatem Method , and also those

from the Pseudo Criterion Item Characteristic Functions of Degree 3

and 4 Cases , as was expected. It is also observed that these

estimated parzuneters are competitive with those obtained from the

criterion item characteristic functions by the Simple Sum Procedure .

This implies that they are competitive with those obtained by the

Two—Parameter Beta Method in the Simple Sum Procedure as well.

Again, it is observed that the estimated difficulty parameters are

closer to the true difficulty parameters , than the estimated disc—

rimination parameters to the true discrimination parameters . Also

it is noticed that the estimated discrimination parameters tend to

be less for high true discrimination parameter values , such as those

of items 3, 7 and 9, as we have observed ±n the results of the

Pearson System Method .

From these observations, we can make the same conclusion

as we did for the Pearson System Method earlier in this section.

I
- 
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TABLE 6—7

Estimated Item Discrimination Parameter, ~ , Obtained from
the Two Estimated Item Characteristic Funchons by Degree 3
and 4 Cases of the Two—Parameter Beta Method (TPBM) of the
Weighted Sum Procedure of the Conditional P.D.F. Approach , with

the One Obtained from the Criterion Item Characteristic
Function by the Simple Sum Procedure (SSP), for Each of
the Ten Binary Items. Estimation Is Based on the Least
Squares Principle, Using, at Most, 25 Points of 0 in

the Interval., (—2.4, 2.4],Exclucling the Points for
Which ~g(O) Is Less Than 0.05 or Greatér ThanO.95.

TP8M SSP

ITEM TRUE OGR.3 OGR.4 CRITERION

1 1.5 l.73O~ 1.!56~ I.40O~

2 1.0 1.C57 1.125 1.024

3 2.5 1.729 1.717 1.788

4 1.0 0.897 0.933 C.E68

5 1.5 1.662 1.663 1.368

6 1.0 0.763 0.157 C.895

7 2.0 1.545 1.545 1.473

0 1.0 0.901 0.€16 C.116

5 2.0 1.710 1.1CS 1.116

10 1.0 0.896 0.848 0.725

THE NUMBER OF INTER VALS USEC IN ESTIMATION IS
SHOWN AS A SUBSCRIPT WHEN IT IS LESS THAN 6.
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TABLE 6-8

Estimated Item Difficulty Parameter , ~ , Obtained from the
Two Estimated Item Characteristic Funkions by Degree 3
and 4 Cases of the Two-Parameter Beta Method (TPBM) of the
Weighted Sum Procedure of the Conditional P .D.F. Approach, wi th
the One Obtained from the Criterion Item Characteristic
Function by the Simple Sum Procedure (SSP), for Each of
the Ten Binary Items. Estimation Is Based on the Least
Squares Principle , Using, at Most, 25 Points of 0 in

the Interval, [—2.4, 2.43,Excluding the Points for
Which cg

(0) IsLessThan 0.05 or Greater Than 0.95.

TPBM SSP

ITEM TRUE OGR.3 DGR .4 CRITERIO N

1 —2.5 ~2.4495 ~2.!225 ~2.65t~
2 —2.0 —1.563 —1.939 —2.002

3 —1.5 —1.478 —1.483 —1.507

4 —1.0 —0.546 —0.522 —1.005

5 —0.5 —0.455 —0.500 —0.472

6 0.0 —O.C97 —0.094 —0.075

7 0.5 0.615 0.614 C.!21

8 1.0 1.004 1.022 0.581

9 1.5 1.490 1.491 1.502

10 2.0 2.101 2.246 2.11~

TIE MJN RER OF INTERVALS USED IN ESTIMATION IS
SHOWN AS A SUBSCRIPT WHEN IT IS LESS 114AM 6.
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VII Discussion and Conclusion

A variation of the Conditional P.D.F. Approach was introduced,

and called Weighted Sum Procedure , in contrast to the original one,

which is now called Simple Sum Procedure. As the weight, an

approximated proportion of the area under the density function of

the maximum likelihood estimate ~ , which is approximated by

a polynomial of degree 3, 4 or 5, using the method of moments, was

adopted. Pseudo Criterion Item Characteristic Functions of Degree

3, 4 and 5 Cases were def ined as the indicator of the maximal possible

attainment of the present method with the given data. Pearson System

Method and Two—Parameter Beta Method are used to approximate the

conditional density of ability 0 , given its maximum likelihood 6
The estimated density fun ctions of ability e and the estimated shared

density functions of 0 by the success and failure groups of each

of the ten binary items are observed, as well as the estimated item

characteristic functions. Both the mean square errors, and their

square roots, and the estimated item parameters were used in evaluating

the resulting estimated item characteristic functions, and the former

were also used in the evaluation of the estimated density functions -~~~

of 0.

It is interesting to note that, in spite of the decline

in accuracy of Degree 3 Case in estimating the density function of

ability 0 , it provided us with just as good estimated item

characteristic functions as Degree 4 Case, in all the situations.

This is the same finding that we obtained in the previous study in

which the Simple Sum Procedure was adopted, and it looks as if the

— 

— 
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precision in approximating the density function of 6 were not

very important. We should not jump to the conclusion, however,

since these are the results on one set of data, and the use of

different types of data may contradict this finding. It should

also be pointed out that, in spite of the difference in approximating

the conditional density 4(O~~) ,  Pearson System Method and Two—

Parameter Beta Method provided us with almost identical results.

We should not generalize this fact too far , however , and wait until

more results have been accumulated on different types of data.

From the present study, we cannot say which procedure , Simple

Sum or Weighted Sum, gives a more accurate estimation than the other.

At this moment, all we can say is that the present procedure has

provided us with more varieties of methods which are useable in this

type of estimation. They will be tested when we use these varieties

of methods in estimating the operating characteristics of graded item

response categories (Samejima, 1969, 1972) , which are more complicated

than the item characteristic functions of binary items. The concept

of weakly parallel tests (Samejima, 1977c) will make it possible for

us to compare the results obtained on different types of data

directly.

d
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A—I Simulated Data

The simulated data used in the present study are characterized

as follows.

(1) There are 500 hypothetical examinees.

(2) Their ability, or latent trait, distributes uniformly for the

interval of 0 , (—2.5, 2.5). Actually, we use 100 discrete

points of 0 , such as —2.475, —2.425, —2.375, —2.325 

2.375, 2.425 and 2.475, i.e., the midpoints of the 100 subintervals

with the width of 0.05, and at each point f ive examinees are

located. -

(3) There is a hypothetical test of 35 graded items, each of which

has four item score categories, and which provides us with an

approximately constant test information function 21.63, for

the Interval of 0 , [—3.0 , 3.0], following the normal ogive

model of the graded response level (Samejima, 1969 , 1972). The

test is called the Old Test, to distinguish from the New Test,

which will be described later.

(4) Each of the 500 examinees is assumed to have taken the Old

Test, and his response pattern on the 35 graded items has been

calibrated by the Monte Carlo method. The score categories of

each item are 0, 1, 2 and 3, and a typical response pattern

looks like: (3,3,3,2,3,3,2,2,2,2,2,2,1,2,2,2,1,2,1,1,1,0,1,1,

1,0,1,0,1,1,0,0,0,0,0).

(5) From each response pattern, the maximum likelihood estimate of the

examinee’s ability has been obtained , using a computer program

written for this purpose. In this process , out of 140 basic

functions (Samej ima, 1969, 1972) , an appropriate set of 35 basic
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functions are chosen depending upon the item scores in the

response pattern , and, using the Newton—Ralphson procedure,

the point of 0 at which the sum total of these 35 basic

functions equals zero is searched.

(6) There Is another hypothetical test of 10 binary items, each

of which follows the normal ogive model of the dichotomous

response level. This is called the New Test.

(7) Each of the 500 examinees is assumed to have taken the New

Test also, and his response pattern on the New Test has been

calibrated by the Monte Carlo method. A typical response

pattern looks like: (1,1,1,0,1,0,1,0,0,0).

(8) The item characteristic functions of the test items of the

New Test are assumed to be unknown, and they are the target

of estimation. Each method of estimation is evaluated by the

the “closeness” of the resultant estimated item characteristic

functions to the true item characteristic functions.
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TABLE A-2-l

Weights, W(6 ) , Assigned to the 500 Examinees Arranged in

the Ascending Order of Their Maximum Likelihood Estimates,
Which Are Used in the Weighted Sum Procedure of the

Conditional P.D.F. Approach

5U~ J ECT WEIGHt

10 8 MLE OGS.3 DG R.4 DGR.5

~ 2 — 2 . 4 2 5 C  —3 .C555 C . C 0 5 2  0.0 0.0
2 201 — 2 . 4 1 50  —2. 14 17 0.01 15 0.0120 C.01!0
~ 101 — 2 . 4 P S C  —2.74 17 0.0013 0.0011 0.0011
4 ~ — 2 .3 2 5 0  —2 .7C6 1 0.0014 0.0013 0.0012
~ 401 —2 .4 150 —2.7057 C.0003 0 .CCO3 C.0002
t 1 — 2 .4 1 5 C  —2 .6585 C.00 13 C.0012 0.0012
7 3 —2.3 150 — 2 . 6 7 2 3  0 .C053 C.O C SI  C.CC4S
e 104 — 2 . 32 5 0  — 2. 5688  0 .CCT7  0 .CC24  0 .CCIO
~ 107 —2 . 4 2 5 0  —2 .5014 0.004 1 0.0046 0.0044

10 302 — 2 . 4 2 5 0  —2.4 6 75 0.0016 0.0019 0.0018
it ICS — 2 . C 1 S C  —2. 4 76C 0.0008 0.0009 0.0009
12 202 — 2 . 4 2 5 0  —2. 47 26  0 .O C C S  0 .CCC5 C.C OC S
1! 105 — 2 . 2 7 5 C  —2 .4612 C . C C 12  C.C0 14 0.0013
14 204 — 2 . 3 2 5 0  —2.4 500 0.0025 C.c030 c.cozc
t~ 2~~ — 2 . 2 2 5 0  —2 .4 193 0 .C043 0.005 1 0.0045
16 404 —2 .32 50  —2.3713 0.0032 0 .0C39 0.0037
17 5 — 2 . 2 7 5 C  — 2 .3 634 C.00 11 0.C013 0.001!
18 402 — 2 . ? 2 5 C  —2.3525 0 . CCC7  C . C C C O  C.CCC$
19 205 — 2 . 2 7 5 0  —2 .3 5 17 C. O CC6 C . C C C T  C .CCC7
2C 3C2 — 2 . 1 25 0  —2 .3423 0 . C C I 7  0.0020 C.0020
21 2C9 — 2 . 07 5 0  —2.2230 0.0013 C.0O 1S 0.0015
22 108 — 2 . 1 2 5 0  —2.3210 0 .0005 0.0006 c.occs
23 4CS — 2 . C 7 5 C  — 2.31 53 C .CCC S 0.0006 C. OO Cb
24 303 —2.3 150 —2 .3129 C.CC O3 C.0003 C.0003
25 2 10 —2.0250 —2.2 110 0.CC34 C.004 1 C.0040
22 208 — 2 . 1 2 5 0  — 2.256 9 0 .0042 C.0051 0.0049
27 6 —2.22 50 — 2 . 2 4 4 8  0.0011 0.0013 0.0013
28 110 —2.02 50 — 2.2402  0 .OCC6 0 .0CC? 0.COC7
29 301 — 2 . 4 7 5C  —2 .23 54  C.CC O3 0.0004 C.0004
30 405 — 2 . 2 7 5 0  —2 .23 5 2  C . C C C 7  C . C C C 8  C .CCC $
31 203 — 2.315 0 — 2 . 2 2 5 1  C . O CC S C .O C C 9  C.OCC9
~~ 403 — 2 . 3 1 50  —2.223 5  C.0d02 0.CCC3 C.CCC2 -

33 10 — 2 .02 50  —2.221 9 0.0002 0 .00C2 0.COC2
34 12 — i , S 2 ’c  —2.2 2 07 0.OUO1 0.0002 C.0002
35 4C7 —2.1 150 —2 .21 ST C.CCC5 C .C C C 6  C.CCC *
32 306 — 2 . 2 2 5 0  — 2 ,2 1 35  C .C C C S  C.O010 0.C010
37 112 — 1 . 22 5 0  —2.207 0 C. OCC6 C . C C C 7  C .CC C7
32 7 — 2 . 1 7 5 0  —2.204 8 0.C0 15 0.0018 0.CC1S
39 113 —1 .27 50  — 2 .1842  0.0035 0.0043 0.004 2
4C 13 — 1.2 7 5 0  —2 . 1519 0.C043 0 .OOU 0.0051
41 14 —1. 8250 —2.1213 0.0021 0.0026 0.0028
42 107 —2.17 5 0  —2 .12 10 0.0016 0 .0020 C.0C 19
43 11 —1 .975C —2 .0 9 80 C.C02 5 0.0C3 1 0.00)0

—-~~~~ - _ _ _ _ _ _ _ _
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TABLE A-2—l (Continued)

SUPJECT WEIGHT •

ID I MLE DGP..3 0G7~.4 DGR.3

44 103 —2.3750 —2.0247 0.0014 0.0017 O.CCZ7
45 106 —2.2250 —2.C 80 0.0CC? 0.CCC9 0.00C9
46 313 — 1 . 2 7 5 0  — 2 . 0 74 3  0.CCC3 C .CCC3 C .CCC3
47 205 — 2 . 2 7 5 0  — 2 . C 7 4 3  0.0 0.0 0.0
48 408 — 2 . 1 2 3 0  — 2 . C 7 4 0  0 .00 13 0.0016 0.0016
49 304 — 2 . 32 5 0  —2.0 554  0 .0045 0.0055 0.0054
50 402 — 2 . 42 !C  —2.01 13 0 .C0?3 0.0041 0.0040
51 211 — 1.5150 —2.0102 0.CCC6 C.CC (7 C.CC (7
52 114 — 1 .2 2 5 0  —2 .CC36 0.CC14 C.OCI? 0.0017
33 307 —2 . 1 150 —1.9910 0.C014 0.0016 0.0016

8 —2.1250 —L .6255 0.0016 0.0C19 0.0019
55 119 —1 .57 50  —1.969? 0.u0 18 0.0022 0.0021
56 312 —1 .52’C —1.9620 C.CCO8 0.0010 0.0010
57 412 —1.9250 —1 .9591 C.CCO5 0.CCC7 0.00C6
52 309 — 2 .07 5 0  —1.9549 0.CCCS C.CCC6 C.CCC6
Sc 116 —1.72 50  — 1.9525 0.C05 1 0.0022 0.0021
60 3’t —1 .9 750 —1.8880 0.0051 0.0061 0.0060
61 413 —1.8750 —1.2279 0.00C5 0.00C6 C.000!
22 207 —2.115c —l,ee2i C.00 13 0.0016 0.0012
63 115 —1.77 50 —1.8711 C.00C9 C.0010 0.CO1C
24 18 —1 .22 50 — 1.2711  0.0 C.0 0.0
65 111 —1.5750 —1 .1710 0.C009 0.0010 0.0010
62 412 —1.6250 —1.8603 0.CCC9 0.0011 0.0011
67 216 —1.7250 —1.2593 C.CC 8 0.0022 0.0022
62 219 —1.315C —1.2372 0.0C20 0.0(23 0.0023
69 310 —2.025C —1.8350 0.COC9 C.0Oi0 0.0010
70 5 —2.0150 —1.2263 0.C044 0.00’2 0.0C32
11 212 —1.9250 —1.7808 0.0052 0.0060 0.0020
72 416 —1.7250 —1. 1*41 0.0022 0.0031 0.0032
73 411 —1.S75C —1.7420 C.CC2O 0.0024 0.0024
74 414 —l.tZSC —1.14CC 0.00C6 0.0CC? 0.COC?
19 215 —1 .7750 — 1.7 341 0.0CC? C.CCC8 C.CCCI
1* 3 15 — 1. 5 150  — 1.7 316  0 .0004 0.0005 0.OO C S
77 315 — 1 . 7 7 5 0  — 1.72 54 0.00C6 0.0CC? 0.0007
78 415 —1.7 130 —1.7249 0.0007 0.0009 0.CCCS
79 321 —1.4 15C — 1 . 7 2 C 7  C.CCO4 C.0003 0.0005
80 15 — 1. 1750  —1.7199 0.COC5 C.CCC5 C.COCS
21 314 —1 . 8250  — 1. 7 1 5 2  0.0045 0.0052 0.0052
22 17 —1.8730 —1 . 666 9  0.0047 0.0053 0.0054
23 19 —1.575 C —1.6614 0.0006 0.0006 C.CCC6
24 120 — 1 . 5 2 5 C  — 1.6604 0.0013 0.0015 0.0013
29 212 —1.22! C  —1 .64 *2 0 .0C 13 C.0C 14 C.0014
22 ‘18 — 1 . & 2 5 C  — 1.24 * 1 C. O CC S 0.CCC S C .OO C S
27 123 — 1 . 3 1 5 0  — 1.24 0 9  0.C009 0.0010 C. O C IO
II 3 1 7  —1 . 613 0  — 1.1360 0.0023 0.0028 0.0026 H
89 16 —1 .729 0 — 1.8 149 0.0019 0.0022 0.0022
90 410 —2. 02 5C —1. 614 1 0.0015 C.001è 0.C C Z *
91 316 — 1 . 1 2 ’ C  — 1.3 923  0.0015 C .0017 0.0017
92 217 — 1 . 6 7 5 C  —1. 597)  0.0010 C.0012 0.CC I 2
6! 222 — 1 . 4 2 3 0  —1 .3 2 6 8 0.0016 0.0012 0.0018
54 124 —1 .3230 —1.3754 0.0013 0.0014 0.0014
9 417 — l.6 73C —1.372 S 0.0023 0.0026 0.0026
9 416 — 1.37 50  — 1.33)4 0.0040 0.0049 0.0043
9 213 —1.S1SC — 1.520 1 0.C 027 C.C 024 C.CC 3 C
6 117 —1.6750 —1.524) 0.CCCS 0.0010 0.0010
5 112 —1.9250 —1.5181 0.0013 0.0013 0.0013

IC 121 —1.4750 —1.3096 0.0022 0.0C24 0.0025
10 214 —1.2250 —1.4541 C.0042 0.0046 0.0047
102 20 —1 .9230 —1.4238 0.CCZI 0.0031 0.0022
10 42’ — 1.21St —1.4*32 C.C001 C .OO C I  0.0001
10 22~ —1.323 0 —1.46w C.C 0.0 0.0
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TABLE A—2-1 (Continued)

5U2JECT WEIGHT

ID I NLE DC~.3 DGR.4 0 . 5

IC! 24 —1 .3230 —1.4*32 C.C002 C.0002 0.0002
*06 420 —1.5250 —1.4613 0.00)2 0.0013 0.0013
iC? 3 2 2  —1.1250 —1.4507 0.0020 0 .0022 0.0022
102 23 —1.315C —1.4352 0.0017 0.0018 0.0018
109 127 —1.1750 —1 .4231 0.0C13 0.0C14 C .CCI4
11 0 22 —l.42!C —1.4255 C.0014 C .CC15 0.0013
lii 2? —1 .11 50 —1.4183 0.OCIS C.0016 0.CCI6
112 422 —1.4250 —1.4104 0.CCO9 0.CGCS 0.0010
113 423 —1.31’0 —1.4090 0.0016 0.0012 0.0018
11 4 - 424 —1.325C —1.3931 C .CC7I 0.0C7? 0.0078
11! 122 — l .425C —1.3340 C.C090 0.CCSS 0.CCS7
116 231 —0.9150 —1.2997 0.CCS7 C.C059 C.CC6O
11? 430 —1.0250 —1.2759 0.0029 C.0030 0.0021
11 8 125 —1.2130 —1.2699 0.0012 0.0012 0.0013
11 9 322 —1.4250 —1.2639 0.0012 0.0013 0.0013
12 0 129 —1. O15c —1 .2576 0.0C19 0.0020 0.0021
121 324 —1.2250 —1.2442 0.CC17 0.CC1E C.CCI8
122 323 —1.3150 —1.2403 C.CCI? C.0C17 0.OC1O
123 38 —0.6250 —1 .2274 0.0022 O.0C23 C.CC23
124 131 —0 .5750 —1.2182 0.0010 0.0011 0.0011
125 29 —1.0750 —1.2171 0.000? C.0002 0.0002
126 30 —1.C250 —1.2159 C.0003 C .OCC3 0.000!
127 221 —1.415C —1.2141 C.C009 C.0010 0.0010
128 2! —1.2750 —1.2066 C.0014 0.0014 C.CCIS
129 32! —1.27!C —1 .2000 0.0010 0.0011 0.0011
120 334 —0.8250 —1.1963 0.C008 C .OCCO 0.CCOS
131 32C —1.3230 —1.1618 0.C008 0.OCC8 0.0008
122 324 —1.325C —1. 1280 C.0032 0.C032 0.0033
133 21 —C.975C —1.1601 O.CCSO C .C051 0.0032
134 21 —1.475C —1.1387 0.CC2S C .0C22 0.0028
13! 421 —1.47 50 —1.1329 0.C020 0.0021 0.0021
134 130 —1 .0250 —1 .1123 0.C023 0.0023 0.C024
137 126 —1.225C —1.1100 C.C017 0.0017 0.0017
138 331 — c. s i s C  —1.1020 0.0C30 C.CCIO C.0030
135 428 —1.1 25C —1.0802 C .COIL 0.CO3L 0.0032
140 437 —0.6130 —1.0714 0.0C15 0.0015 C.CCLS
141 223 —1 .3150 —1.0*64 0.CCC7 0.00C7 C.00C7
142 230 —1 .02’C —1.C650 0.0021 0.0021 0.0021
143 224 —1.225C —1.0452 C.0021 0.CC21 0.0021
144 220 —l.1 25C —1 .0443 C.0003 C.OCC3 C.00C3
145 227 —1.1750 —1.0431 0.0014 0.0014 C.0C14
14* 330 —1.0250 —1.0312 0.0024 0.0024 0.0025
147 232 —0.5230 —1 .C193 0.0013 0.0012 0.0013
142 233 —0 .875C —1.0190 0.0026 0.0026 0.0026
149 35 C .775C C.6941 0.0026 0.0023 0.0026
150 33 —C .8190 —C .5941 0.OOCI C.OCCI C.COCI
131 234 —0.2250 —0.9931 0.0005 C.00C5 0.OOCS
132 220 —1.S250 —C .5290 0.0009 0.0009 0.0009
153 229 —1~ c7sc —C .6144 0.0021 0.0021 C.0021
134 429 —1.C1SC —C.9614 C.C02? 0.0026 0.0026
ISS 32? —1 .1750 —C.6590 0.0025 C.0C24 C.0025
156 33! —0.775C —C.9441 C.0033 C.0032 0.0012
137 237 —0.6750 —0 .9275 0.0025 0.0024 0.0024
152 240 —C .5250 —C .~ 2i2 0.0025 0.0024 0.0024
159 34 —C .123C —0.5043 0.0O’l 0.0029 0.0030
160 13* —0.7230 —0 .1623 C .CC2S 0.0022 C.0020
I I I  725 —1 .2150 —C.1773 0.CC26 0.0024 0.C02S
1*2 122 —1 .1250 —0.0601 0.0022 0.0021 C.0C22
1*1 4 34 — 0.229 0 — 0 . 1363 0.0014 0.0013 0.0014
164 913 —0.073 0 —0.2530 0.0004 0.0004 0.0004
113 422 —0.5230 —0.0329 0.0006 0.0003 0.0005
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TABLE A—2-l (Continued)

SUQJECT WEIGHT

10 8 MLE 0G~ .3 OGR.4 OGR.5

*26 32 —0 .7250 —C.6456 0.0009 0.0009 0.0009
167 426 —1.2250 — 0 .843 5 C.0019 0.0014 0.0015
168 139 —0.5150 —0.6356 0.0040 0.0037 0.0038
169 4*1 —0.5750 —0.1064 0.C040 C.0038 0.0035
170 427 —4 .175 0 —( .7681 0.0028 C.C026 O.C027
171 132 —0.92’0 —0.7 801 0.0019 0.CC18 C.C01S
172 32 —C.9250 — C.780 1  0.00 13 0.3012 0.00 13
113 133 —0.2750 —0.7678 0.0022 0.0021 0.0021
114 26 —1.2250 —0.1593 C.CC15 0.0014 0.0014
173 442 —C.4230 —0.1537 0.C024 0.0022 0.0023
116 232 —0 .6250 —C.1372 0.CC22 C.0C21 C.C021
117 244 —0.2250 —C.7330 0.C018 0.0017 0.0017
178 ~~~ —0.6750 —0.7203 0.0018 0.0C17 0.0017
jrc 28 —1 .1230 —C.7163 0.C005 0.0005 0.OCCS
180 436 —C .625C —C.71!3 C.CC28 0.0026 0.0027

~~~ 436 —0 .7250 —C.6904 0.C052 C.0C42 C.CC4S
162 137 —C.675C —0.6673 0.0025 C.0023 0.0024
183 ~“ —0.8250 —0.6672 0.0017 0.0013 0.0016
184 ~~~ —C .575C —0.6521 0.0020 0.C0i6 0.0019
765 33~ —C .3P’C —0.648? 0.0013 0.0012 0.0012
186 235 —0.715C —C.6400 0.0026 C.0024 0.0024
187 43! —0.7750 —0.6247 0.CC17 0.CC15 0.0016
168 140 —0.5250 —0.2247 0.0C04 C.OCC4 C.CCC4
189 336 —0.4250 —C.12C7 O.C024 0.0022 0.0022
190 332 —0.5250 —0.6022 0.0024 0.0022 0.0022

~~~ 3~~ —0.2250 —0 .5990 0.C023 0.0021 0.0C22

~~~ 
247 —0. 1150 —C.3!16 0.0023 0.0021 0.0021

193 141 —0.4150 —0.5783 0.CC14 0.0C13 0.0C13
194 133 — 0.7 150 —C.5686 0.0016 C.OOiS 0.0015
iS! 343 —0.3150 —0 .5633 0.0022 0.0020 0.0020
ico 241 —0.4730 —0.5486 0.0017 0.0015 0.0015
197 325 —i.C~~ C —C.!480 C.C024 0.0022 0.0022
ice 236 —0.7250 —0.5268 0.0C24 C.CC2I C.0022
199 443 —C.27!C —C.!265 0.0 C.0 0.0
200 433 —0.6750 —C.5265 0.0 0.0 C.0
201 145 —0.2730 —C.!263 0.0 0.0 0.0
202 ~~~ —0.4250 —0.5265 0.0003 0.0002 0.0002
203 242 —0.4230 —0 .5242 0.OCOO 0.0C08 0.OCC8
204 44~ —C.O7!C —C.5188 0.CC2O 0.0025 0.0026
203 ~~ —0.5730 —C.4S25 0.CC!1 C.0C45 C.0046
20* 40 — C .52 30 — 0 .47 3 0 0.0044 0.0039 0.0040
207 244 —0 .3230 —0.4527 0.0025 0.0022 0.0022
2CS 446 —0 .2230 —C.4 9C7 0.0042 0.0030 0.C036
209 41 —C .475C —C.42C 7 0.CC3I 0.0034 0.0034
210 336 —0.7250 —0.4164 0.CCC9 C.CC (6 C .CCC$
2 11 ~~ —0.2150 —C.4129 0.0012 C.0011 0.0011
212 243 —0.21’O —0.4033 0.0033 0.0029 C.CO3C
213 243 —C.375C —C .3131 0.0030 0.0027 0.0C27
214 340 —C.!2!C —0.3760 0.0012 0.0011 0.0011
215 130 —0.0250 —0 .3724 0.OCC6 0.CCC6 t.CCC6
212 3? —C.b7SC —C .3724 C.CCO4 0.0004 0.0004
217 42 —0.4250 —0 .3604 C.0C17 0.0C15 0.0019
218 146 —0.2230 —C .3314 C.C013 0.0012 0.0012
215 441 —0.4150 —0.3964 0.0002 0.0002 0.0002
220 440 —0.5250 —0.3992 0.0019 0.0016 0.0C17
221 141 —C.1190 —0.9397 0.0022 0.0019 0.0020
222 444 —0.3230 —C.3356 C.CC17 0.CCIS C.C0i6
223 2’O —C .C25C —C.3241 0.CCSÔ C.OCSO 0.0030
224 198 —0.2250 —0.2231 0.0053 0.0C47 0.0047
22! 342 —0.4230 —0.2764 0.0020 0.0017 0.0CR?
226 145 —0.0730 —0.2673 0.0021 0.0015 0.0019 

-
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TABLE A—2—l (Continued)

SU2JECT WEIGHT

ID I MLE DGR.3 0G~ .4 DGR.5

227 256 0.2790 — 0.2373 0.0017 0.0015 0.0015
226 341 —C.4150 —0.2319 0.C008 0.0007 0.0007
729 46 —0 .2250 —0.2501 0.0003 0.OCC2 0.0002
230 144 —C.32!C —0.2494 0.C002 C.OOGZ 0.0CC?
231 44 —0 .3230 —0.2484 0.CCC7 C.COC6 C.CCC7
232 239 —0.5730 —0.2426 0.0039 C.C0!L 0.0052
333 344 —0 .3250 —0.1961 0.0021 0.0071 0.0071
234 351 0.02!C —C.t?C4 0.0033 0.0047 0.0047
23! 240 —C .129C —C .L415 0.CC4S 0.0043 0.0043
236 447 —0.i75C —C.1268 0.C033 0.0025 C.C029
237 490 —0.0250 —0.1189 0.CCI3 0.0011 0.0011
238 345 —0.2730 —0.1153 0.C006 0.0005 C.0005
239 446 —C.1230 —C.1139 0.0013 0.0011 0.0011
240 452 C.075C —0.1030 0.0019 0.0017 0.0017
241 443 —C.373C —C.0969 0.C020 0.0C17 0.0CR?
242 352 C.C7SC —C.C161 0.0016 0.0014 0.0014
243 41 —0.1750 —0.0022 0.CC0I 0.0CC? 0.0CC?
244 48 —0.1230 —C.C194 0.0003 0.3003 0.0003
245 148 —0 .1250 —0.C763 0.0022 0.0019 0.0019
246 291 0.0250 —0.0602 0.0036 0.0033 0.0022
247 143 —C.375C —C .0456 0.C025 0.0022 0.0022
248 252 0.C730 —O .C3?9 0.0022 0.0019 0.0C19
245 57 0.3250 —0.0261 0.CC2O C.OCIS 0.0016
250 347 —0.1130 —0.0200 0.0011 C.CGt0 C.C01C
251 56 C.2150 —0.C159 0,0009 0.CCOI 0.OCCC
252 151 0.0250 —0.0121 G.0C09 0.0006 0.0002
253 353 0.125C —0.0078 C.CCO6 0.OCC5 0.0005
~!4 SC —C.025C —0.CC66 C.COC6 0.0003 C.COCS
235 253 0.1250 —0.0027 0.0010 C.CCCS C.CCC9
256 454 0.11!C 0,0023 0.0012 0.0011 0.0011
257 348 —0.1250 0.0083 0.0008 0.0CC? 0.0007
258 152 0.0750 C.CC94 0.0013 0.00C9 0.OCCS
259 153 C.1250 0.0175 C.CCC9 C.CCCI 0.0006
260 55 0.2230 0.0176 0.0010 C.CC09 (.00(6
221 355 C.4250 0.0264 0.0010 C.0009 0.0009
262 43 —0.3750 0.0266 0.010 ! 0.CCS2 0.0Cc?
223 51 C.0250 0.1203 0.0109 C.CC%b 0.0063
264 354 C.173C 0.1241 0.0015 0.0013 0.0013
265 359 0.2250 0.1339 0.C011 C.CO1C C.0010
26* 349 —C.C75C 0.1339 0.0010 C.0009 0.00C9
267 ‘3 0.1250 0.1431 0.0047 0.0042 0.0041
266 194 C.1750 C.1762 0.0057 0.0050 0.0049
269 1’6 0.2750 0.1939 0.C045 0.0040 0.0039
270 157 0.3230 C.2167 0.C063 0.0036 0.0055
271 254 C.115C C.2503 C.0043 C.0C39 0.0036
272 2’S 0.4250 0.253? 0.0010 C.000S C.CCCS
273 120 0.4150 0.2594 0.0016 0.0014 0.0014
214 25 0.7250 C.2702 0.0016 0.0014 0.0014
275 2’S 0.2250 0.2736 C.0011 0.0010 0.0010
276 59 0.429C 0.2803 0.0012 0.0010 0.0010
277 497 C.C2SC C.2143 C.GCCS 0.0CC? 0.0007
278 433 0.1250 0.2176 0.CC17 0.0d b 0.0015
275 245 —0 .0750 C.3000 0.0010 C.0016 0.0016
220 49 —0.0790 0.3030 0.0010 0.00Cc 0.0000
261 98 0.3750 C.3007 0.COCb 0.CCC6 0.000!
202 435 0.2250 0.3094 0.0013 0.0012 0.0012
223 330 —0.0290 0.’209 0.0010 0.0016 C.OCI6
204 456 C .2 1!C 0.3235 C .O C L S C .0016 0.0016
223 69 0.5250 0.1169 0.0016 0.0014 C.0014
222 1*0 0.4150 C.3)90 0.0012 0.0011 0.0011
207 262 0.3150 0.1470 0.0015 0.0014 0.0014
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TABLE A—2-1 (Continued)

SU2JECT WEIGHT

ID 0 NLE DGR.3 DGR.4 DGR.5

-

288 252 0.3750 C.3538 0.0023 0.0021 0.002C
289 457 .0.3250 0.3686 C.0019 0.0017 0.0017
290 425 0.7250 C.3711 0.OCC4 0.C004 0.COC4
291 63 C.423C 0.3723 C.0C02 C.CCCZ C.COCZ
252 25? 0.3250 0.3729 0.COC3 C.OCC2 C.C002
293 139 C.4230 C.3748 0.C306 C.0006 0.COC6
294 5? 0.0750 0.3186 0.0020 0.0016 0.0018
295 161 0.3250 0.3529 C.0029 0.0026 0.0022
296 436 C.315C 0.4051 0.CC17 0.0016 0.0015
297 336 0.2750 0.4083 0.CG!1 0.0046 0.0045
zce 155 0.2230 C.4!14 C~C056 C.00!L 0.0050
299 1SS 0.3750 0.4598 0.0028 0.0026 0.0025
30C 261 0.5250 C.4771 0.C028 0.0025 0.0025
301 461 0.!25G C.4652 0.C009 0.OCC8 0.0008
302 356 0.3750 0.4652 0.0011 C.0C11 0.0010
303 357 C .32 50 0 .4957 0.0011 0.0011 0.0010
304 54 0.1730 0.4657 0.COC4 0.OCC4 C.CCC4
305 17C C.9750 0.4596 0.0007 0.0CC? C.C006
306 62 0.5150 0.3022 0.0003 0.0003 0.0003
207 162 0.?75C 0.3026 0.0013 0.0009 0.COCS
308 269 0.6230 0.5114 0.CC27 0.0C25 0.0024
‘09 462 0.5150 C.5275 0.C022 C.0C20 C.CC2O
210 265 0.1250 0.3313 0.0005 C.CCC3 0.00C5
311 26C 0.4730 0.5325 O.OCOO 0.0005 0.0005
212 459 0.4250 C.5366 0.0042 0.0039 0.0030
213 460 0.4PSC 0.5714 0.C0~~ 0.0034 0.0033
214 61 C.52!C 0.5905 0.0031 0.CC2S 0.0029
215 462 0.7ISC C.6005 0.0023 C.0C22 0.CCZI
316 266 0.7130 0.6121 0.CC15 0.0014 0.0014
317 247 0.8230 0.6142 0.0008 0.OCCI 0.0007
216 260 0.0750 0.6197 0.0015 0.0014 0.0013
215 162 C.0750 0.6278 0.0017 0.0016 0.0016
320 221 C.!25C C.6357 0.0013 0.0012 0.0012
_21 314 1.1190 C.6400 0.0C14 0.0C?~3 C.CCI3
322 60 0.4150 0.6487 0.0014 0.0014 0.0013
223 16! 0.7250 0.6535 0.0110 0.0104 C.0102
324 244 C.615C 0.1516 0.0122 0.0118 0.0113
323 162 0.5150 0.1691 0.C022 C.CC22 C.C022
.22 362 C.575C C.7735 0.0CC? C.CCC7 0.COC6
fl? 270 0.9150 0.1755 0.0005 C.OCCS C.COC5
222 271 1.0230 C.7787 C.CCOS 0.00C4 0.COC4
329 144. 0.6730 0.7799 0.0007 0.CCC6 C.CCC6
230 463 0.623C C.?849 0.0009 0.30C9 C.CCCS
22 1  216 1.2 1’C - 0.7689 0.0028 0.0028 0.0027
332 263 0.6250 0.8120 0.0112 C.01C9 0.03C6
‘33 364 C.6JSC C.6954 O.CCS4 C.CCS4 0.CCSI
334 464 0.6750 0.6030 0.CC56 0.0055 C.0054
335 362 C.175C C.S463 0.0056 0.005? 0.0035
316 64 0.6130 0.9378 0.0011 0.0011 0.0010 I
337 163 C.625C C.9396 0.0006 0.00C6 C .COC6
330 74 1.17’C C.U39 0.C004 0.0CCS 0.0004
339 343 0.2250 C.U40 C .OCC7 C .CCC? C.CCC7
)4C 479 1.2230 0.9706 0.0005 C.CCCS 0.00C6
141 344 0.7750 0.9719 0.0006 0.0006 0.00C6
242 171 1.0250 C.6761 0.0013 0.0013 0.0013
143 471 1.0230 0.9042 0.0C19 0.0019 0.0019
944 42 C.175C 0.544? C .CCR2 0.0012 0.0012
343 145 0.7250 0.9462 0.0002 0.0002 0.0002
146 16 1.2150 0.1462 0.0017 C.CC17 0.CCI7
147 347 0.1250 1.0,26 0.0021 0.0021 0.0021
948 66 0.7130 1.0166 0.0010 0.0019 C.001I
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TABLE A—2—1 (Continued)

5U8JECT WE IGHT

ID 8 NL E DGR.3 DGR.4 DGP..5

349 ~~ q 0 .9250 1.0306 0.0024 0.0024 0.0024
350 172 1.C150 1.0401 0.0011 0.0012 0.0011
351 167 0.8250 1.0419 0.0018 0.0018 0.0018
2 5 2  477 1.325C 1.0575 G.CC4S 0.0051 0.0050
233 41C 0.9,50 1.0910 0.CC3S C. CC4O 0.0039
334 462 0.875C 1.C562 0.0310 C.0C10 0.0010
335 169 0.9250 1.1006 0.0022 0.0023 0.0023
356 271 1.0250 1.1183 0.0026 C.0027 0.0027
35? 467 C. 12 5C 1.1269 C.CCC S 0 .CCC9 0.0009
358 67 C.8250 1.1270 0.CCCL C.COCI C.COCI
259 47’ 1.1250 1.1275 C.COC4 C.0004 0.0004
360 369 0.9250 1.1307 0.0011 C.0C 12 C .CCII
22 1 372 1.C750 1.138? 0.002) 0.0021 0.0020
262 416 1.2150 1.1506 0.0013 0.0C14 0.0014
363 273 1.1250 1.1’24 C.C002 0.0003 0.000 !
324 373 1.125C 1.1531 0.0002 C.CCO3 0.0003
365 472 1.0150 1.1349 C.C031 C.0C33 C.00!3
246 272 1.0PSC 1.1150 0.0029 0.0031 0.0031
367 72 1.0 750 1.1230 0.0011 0.0012 0.0012
368 177 1.3250 1.1964 0.0012 0.0013 0.0013
369 71 1.025C 1.1574 C.C015 0.0016 0.0015
.70 317 1.325C 1.2115 C.0C19 C.0C21 0.0021
371 372 1.21!C 1.2174 C.CCC7 O.CCC8 C.COC7
272 273 1.2230 1.2181 0.0014 - 0.0015 0.0015
212 375 1.2230 1.2315 0.0013 0.0014 C.CCI3
374 13 i.225C 1.2310 C.C017 0.0015 0.0018
315 102 1.6250 1.2496 C.0C19 C.CC2I C.C021
376 70 (,913C 1.2320 C.CCC4 C.0C04 0.0004
3?? 383 1.6250 1.2537 C.CCO3 C.0C04 C.CCC3
378 174 1.1750 1.2354 C.CCO4 C.OCC4 0.00C4
379 379 1.4250 1.2575 0.0005 0.0005 0.0005
280 73 1.1250 1.2606 C.OO10 C.0C20 0.0030
301 277 1.225C 1.2166 C.C025 0.0028 0.0027
122 370 C.975C 1.2272 0.0021 C.0C23 0.0C23
223 17* 1.2150 1.2413 C.C034 C.CC3S 0.0037
224 279 1.4250 1.2234 0.0044 0.0040 0.CC4S
2(5 82 1.5150 1.3451 C.0024 0.C026 0.0026
386 452 1.575C 1.3466 0.C017 0.0015 0.0019
367 23 1.6230 1.3237 C.0014 C.0016 0.00)6
308 75 1.4250 1.3631 0.C01S C.0020 0.0020
~~5 151 1.5250 1.3633 0.COII 0.0C20 C.C020
390 es 1.7250 1.3133 0.0020 0.0022 0.C022
391 280 1.415C 1.4040 0.0037 0.0042 0.0042
292 275 1.2250 1.4230 0.0024 0.OC?7 ~I .CC27
259 47S 1.4230 1.4909 0.00)1 0.0013 u.0013
394 263 1.6250 1.4361 0.0031 0.0034 C.0034
355 274 R.113C 1.4642 0.0043 0.0049 0.0049
‘64 180 1.4750 3.4832 0.OC!2 C.C036 C.CC36
367 152 1.3730 1.4991 0.C025 C.0029 0.0029
298 901 1.3250 1.!11I 0.0013 0.0015 0.0019• 399 ie~ 1.6730 1.9137 0.0017 0.0019 0.0019
400 7? 1.9230 1.529? 0.0021 0.0026 0.0027
4C1 480 1.4750 1.3195 C.0010 0.0011 C.CC11
40? 401 1.5230 1.3407 0.0001 C.C001 0.0001
403 17$ 1.3150 1.540? 0.0017 O.0C14 C.CCI4
404 403 1.6230 1.9545 0.0023 0.0027 0.CC27
403 406 1.7130 1.3660 0.002* 0.0074 0.0024
406 

~.• 1.1730 1.9776 C.CC2S 0.0034 0.0094
407 176 1.4230 1.6001 C.0C26 C.0030 0.0030
404 26 1.7190 1.6069 0.0011 0.0016 C.C016
404 •~ 1.4130 1,1133 0.0011 0.0016 0.0016
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TABLE A—2—1 (Continued)

— 

S7JPJECT WEIGHT

ID I NLE DGR.3 064.4 OGR.5

410 - 227 1.8250 1.6222 0.CCC7 C.CCCS C.CCC$
‘11 282 I.575C 1.6234 0.C005 0.0006 0.0006
412 201 1.5250 1.6283 0.00C6 0.0CC? 0.0007
41! 75 1.3750 1.2301 0.0003 0.00C3 C.0003
414 444 1.675C 1.6315 C.0011 0.0013 0.0013
413 4? 1.8250 1.2430 C.0C13 C.CC18 0.0018
414 472 1.3150 1.6490 C.CCO? C.CCC8 0.CCC8
417 376 1.31’0 1.t506 0.0003 0.0004 0.0004
(Ii 250 1.9750 1.6529 0.0C09 0.0011 0.0011
419 28! 1.723C 1.6615 0.0020 0.0024 0.0024
420 383 1.7230 1.6163 G.0C15 C.CCI7 0.0016
‘21 173 1.125C 1.6789 0.C01? C.CC2O 0.0021
422 380 1.4150 1.6966 0.0023 C.0C27 0.0C27
423 226 1.7750 1.7056 C.0008 0.CCCS 0.0010
424 284 1.6150 1,7061 0.001? 0.0020 0.0020
42! 474 1.1150 1.7252 0.0022 0.0026 0.0026
426 322 i.575C 1.7324 C.COl0 0.0011 0.0011
42? 445 1.7250 1.7366 0.0012 0.0015 C.0015
420 388 1.8750 1.7472 0.OCOO 0.0011 0.0011
429 19 1.9250 1.7478 0.0002 0.0002 C.00C2
430 484 1.9250 1.1493 C.0006 C.CCC8 0 .CCC8
431 490 1.515C 1.1555 - 0.0011 0.0013 0.0013
432 155 1.1250 1.7626 C.00C6 0.0(07 C.CCO?
‘33 24 1.615C 1.1(27 0.0010 0.0012 0.0013
434 274 1.3150 1.1753 - 0.0011 0.0C13 C.CCI3
43! 407 1.0250 1.1759 0.0004 0.C005 0.0005
436 02 1.2150 1.7799 0.0013 0.0013 0.0013
437 190 1.9750 1.7912 C.0013 0.0016 0.0016
430 II 1.3250 1.7S58 0.CC35 0.0042 0.0042
439 91 2.0250 1.e339 0.0039 0.0C47 C.CC48
440 297 2.3230 1.5449 0.0020 0.0C24 0.0025
441 384 1.6150 1.2591 0.0027 0.0022 0.C023
442 19o 2.2150 1.57(4 0.0023 0.0028 0.0020
443 9C 1.S7!C 1.8224 C.C012 0.0015 0.0015
444 306 1.7750 1.0943 C.CCC5 C.CCC7 C.OCal
445 191 2.0250 1.2954 0.0004 C.OCC5 0.C0C6
446 206 1.9250 1.9000 0.0025 0.0042 0.0043
44 ?  290 1.5750 1.9401 0.0070 C.CC(5 0.0027
445 422 1.013C 1.5516 0.0042 0.0031 0.0053
449 309 1.9250 1.9566 C.CCCS 0.CCC6 C.00C*
430 109 1.92!C 1.5978 0.0CR? C.0C14 0.0C14
451 301 1.5230 2.0121 0.C013 0.0016 C.CCI*
412 291 2.0250 2.0156 0.0CC? 0.0008 0.CCCS
453 193 2.1230 2.0212 0.OCCO 0.0010 0.0010
454 195 2.2250 2.0269 0.0018 0.0022 0.0022
43! 127 i.12’C 2.C455 0.C017 0.0020 0.0020
436 26! 2.2230 2.0494 0.0C03 0.CCO4 C.COC4
457 394 2.1730 2.C457 0.0001 0.COC1 0.00C1
450 93 2.1210 2.0506 0.0029 0.0035 0.0036
459 292 2.0730 2.C093 0.0037 0.0044 0.0046
460 351 2. C 2SC 2.1021 C.CCO9 0.CCII 0.0011
461 19? 2.3230 2.1021 0.0002 C.CCC2 C.CCC2
422 s7 2.0150 2.1047 0.CCCI C.OCIO 0.0010
463 95 2.22’O 2.1136 0.0021 0.0025 0.0026
464 49~ 2.2730 2.1341 0.0018 0.0022 0.0C22
46! I$6 1.775C 2.1356 C.C025 0.0029 0.0030
466 

~~~ 2.3250 2.1692 0.0023 0.0021 C.0C28
467 393 2.12’C 2.1127 0.C003 C.0006 0.OCC6
46$ 49~ 2~02!0 2.1761 0.0015 0.CCR7 C.CCZO
4*9 497 2.C7!C 2.1940 0.C013 0.0015 0.CCL4
470 443 1.7250 2.1931 0.0001 C.0002 0,0001H -_ __ _ _ _
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TABLE A—2—1 (Continued)

$UCJ ECT WEIGHT

ID I NLE DGR.3 004.4 DGR .5

411 399 2.4250 2.1959 0.C016 0.0C19 0.0019
472 298 2.37’C 2.2188 0.C01l 0.0021 0.0022
413 200 2.4150 2.2231 C.C013 C.CC15 0.0012
474 220 l.07!C 2.2381 0.0020 C.C023 0.0024
475 97 2.’2’0 2.2527 0.0012 C.0C14 C.0014
472 400 2.41!C 2.2563 C.CCC8 0.0C09 0.CCCS
47? 356 2.2110 2.2645 0.0070 0.0012 0.u012
478 94 2.175C 2.2?20 0.0014 0.0016 0.001?
479 495 2.2210 2.2(66 C.0C46 C.0052 0,0054
480 392 2.0750 2.3434 0.C036 0.CC3S 0.0041
481 494 2.175C 2.3440 0.0009 0.C009 0.0010
482 5* 2.2750 2.3570 0.0~I10 0.0011 0.0011
403 293 2.125C 2.3599 0.0017 0.0018 0.0019
404 295 2.22’C 2.3841 0.0024 0.0C25 0.0026
403 294 2.1150 2.3904 0.0026 C.CC2O (.0029
486 499 2.4250 2.4271 0.0022 C.0023 0.0024
487 490 2.3150 2.4361 0.0016 0.0016 0.0017
488 350 2.315C 2.4535 0.0012 0.0012 0.0012
489 194 2.1130 2.4563 0.0028 0.0020 : 0.0029
490 192 2.C150 2.501? 0.0032 0.0031 0.C032
491 367 2.3230 2.5133 0.0(09 O.CCC8 0.OCCS
492 100 2.4150 2.3177 0.000! C.OCC3 C.CCO3
493 198 2.3150 2.5108 0.0065 C.0061 0.0062
494 500 2.4150 2,4346 0.0066 0.0050 0.0049
499 199 2.4250 2.6483 0.0C07 0.00C5 0.C005
496 90 2.375C 2.2483 C.0033 0.0024 0.0024
497 296 2.2750 2.113? 0.0022 C.OC1O C.CCI7
458 99 2.4250 2.1142 0.OC6S C.0040 0.0073
499 30C 2.4 150 2.0364 0.0066 0.0C09 0.0
500 299 2.4250 2.5718 0.0006 0.0001 0.0
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