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ESTIMATION OF THE OPERATING CHARACTERISTICS OF ITEM RESPONSE

CATEGORIES V I I :  BIVARIATE P.D.F. APPROACH WITH NORMAL

APPROACH METHOD

ABSTRACT

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

characteristics of item response categories is introduced ,

and used in conjunction with the Normal Approach Method , assum-

ing a normal distribution for the conditional distribution of

ability , given its maximum likelihood estimate. In this

approach , the total set of the maximum likelihood estimates

is divided into the item score groups , and for each score group

the density function of the maximum likelihood estimate is

approximated by a polynomial, and the conditional moments of ability,

given its maximum likelihood estimate , are estimated accordingly.

The method preassumes no mathematical model in the process of

estimation . It is tried on the same hypothetical data, i.e.,

the maximum likelihood estimates of ability of the five hundred

hypothetical subjects and their responses to the ten binary items

following the normal ogive model. Three different degrees of

polynomials are used in approximating the density functions of

the subsets of the maximum likelihood estimates , and they are

called Degree 3, 4 and 5 Cases. The mean square errors are used
V

for evaluating the resultant estimated item characteristic functions ,

and the two item parameters In the normal ogive model are also

eq timated.
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I Introduction

There have been produced many approaches and methods for estimating

the operating characteristics of the item response categories in the

present research project , and we can summarize them as follows.

(1) Different Approaches :

(i) Histogram Ratio Approach

(ii) Curve Fitting Approach

(iii) Conditional P.D.F. Approach

(a) Simp le Sum Procedure

(b) Weighted Sum Procedure

(c) Proport ioned Sum Procedure

(2) Different Methods :

( i )  Two—Parameter  Beta  Method

(ii) Pearson System Method

(iii) Normal Approach Method

These methods and app roaches , wiih the results of simulation studies , have

been reported in the six technical reports , which are listed in References I

as [1) through [61 at the end of this technical report. Each combination

of a method and an approach has its relatively strong and weak points

in compar ison with the other combinations, and which one of these comb!.—

nations should bç adopted in a particular situation depends upon many

factors involved in it. There arc some essential points which are common

in these combinations , however , and they can be summarized as follows .

____
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(A) The estimation of the operating characteristics of the item

response ca tegories , and that of the ability distribution , are

conducted without assuming any p~rior mathemat ica l  form.

[B) A relativ~~y~ small number of subjects can be used in 
the entire

process of estimation.

There have been very few theories and methods developed for

estimating the operating characteristics of the item response categories

without assuming any prior mathematical form. Most of the research

conduc ted so far in this area is concerned with the estimation of the item

parameters of a specific model , like the normal ogive model or the three—

parameter logistic model , which is assumed to fit the data in question . Not

onl y is the usefulness of such methods limited , but there exists a

strong possibility that the adoption of these methods distort~ ychologiç.

reality ~~ mo 1din~ it into a specific model, which results in producing

nothing but artifacts. We must say that such a research is meaningless ,

as well as harmful for the progress of science. (This is well exemplified

by the fashionable , blind use of the three—parameter logistic model for

the multiple—choice test item.) The operating characteristics of the

distractors of the multiple—choice item, for example , can be approached

only through methods which presume no mathematical forms for the operating

characteristic of the correct answer , in the truly scientific sense of

the word . This will be attempted in a separate research, and , if it becomes

successful , it will lead us to an answet~ to the long existing question ,

“How can we make use of the responses to the incorrect alternative answers of

the multiple—choice item?” , and will enable us to estimate the examinee ’s

abili ty or latent trait more efficiently.



A I tt10LI ~~ll ce t .i in organ .~~., t i on s  I Ike Educa t i o u t  1 T e s t i n g  Sc rv it ~1~

may be able to use test Ing data ot severa l hundred  t housand examinees ,

many r esearch  p r o t e c t s  are handled en col lege campuses , wher e it is

e x t r e m e ly  d i f f i c u l t  to  c o l l e c t  such a large set ol data .  In add i t ion

to t h i s  f a c t ,  the i n c rea s i n g  r est  n e t  ion in us ins human s u b j e c t s  makes

it impossible  to depend upon the s t u d e n t s ’ coopera t ion  in psy cho log ica l  r
testing and experiment as we could in t h e past. It is a necessity,

c tore , tor us to invest I gate methods and app r oa c h es which ~1o not

require . I ar~~’ number et subjects. and vet  p~~sse~~s h i  ~h accur ac  ics

ot  .st m a t  i on .

il l  v .t r i .t I e I’ . I). F’. A~ pr oac I i  has been I nt r educed in a pr ey  i ous

paper  (Same j ima . H 77b) , f o r  es t  m a t  t u g  the operating c h a r a c t e r  i s t  li’s

th e  i tem res~ oi\se cat egor ies . a I though the exact name has not been

t y en  - The met hod t n t  r educed i n  t h a t  p aper  has ot t en  been cal  led Norm .t l

rex i m.t t ton Met t ie d . i t  i s  a procedure based on the above two p r i n c i p les ,

IA I .tnd [H , t Is these comb m a  I ions  o I a met hod .tti d an approach  d i scussi ’d

earl i.e r - Iii t h e  p r esent p ip ’ ~
. 
, t h e  comb i nat  ion  e t b i v ar  i at  e P.  D - t” -

\pp  rea h and Normal App roach Met tiod w i l l  be j u t  red uce’d , and t c S t  ed on

t ilL ’ s i m u la t e d  d.l t a • w h i c h  have been u sed In t he p r e c ed i n g  s t u d i e s  ,

.t hr I L ’ t l e s c  I i  p1 l oll ot  ~.‘It I ci t  i s  i yen .is A p p en d i x  1 - In t tic lot  I ow i

cti.tpte rs , t Ii is comb m at, ion w i l l  o t t  en be cal  led H i  van  i 5 t tc  N orma l Approach

Met hod • it the  r ’ i no pOSS lb i i i  t V et  con f u s i o n .

Li _ _ _  .~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



11 B i v a r i . i t e  P . D . F .  Approach

En th is approach , we shall try to approximate t h e  b i var i a t e

d i s t r i b u t i o n  of abilit y U and i t s  maximum l i k e l i h o o d  e s t i m a t e  i~

for  each subgroup of examinees c las s i f i e d  with respect to t h e i r  i tem

scores tor  each of the ten b inary  items . m i s  has been at t empted  ear l ier

(Same j ima . 1977b) . in the  Norma l Approx ima t ion  M e t h o d .  In t h i s  paper ,

however , we do this in a somewhat different way.

Let \ be an estimate of abilit y ~ , in such a r e l a t ionsh ip

th . it

~~~~~ \ — ~~~~~~+ ‘~ , ~~~~~~~~~~~~~~~~~~~~~~~~~~

where ni is the  e r ro r  of e s t i m a t i o n  which , I cr  a g i v en  ~ , distribut es

norma l lv . w i t h  :t ’ro and S as the two parameters. Thus th e  condi t lona l

d e n s i t y  I u n c t i o n , 
~ ( \ t~ ) , of \ . g iven  e , is u (i.~ •s ) , and we

have

~~~~~~~ 
E ( \ ~~1) —

and

( .~~. i t  V.i r. (\It ’i) 
~~

‘

Th e b I v . i n l . t t e  dens I t  v I u n c t i o n , ~, t. • i ) , is given by

(.‘ . ..) ( \~~~i) 1 (t5) -~ ( \ j t ~)

whorL’ t ( t i )  is t hit ’ d e n s i t y  t u n e t  ion  01 .ib ili tv t~ . The m a r g i n a l

(It ’liS i t  V I u f lct  ion • gi, \ ) • o I \ can be writte n as

( .~~.
S ’ ) gt \) — ~, ( \ .i i )  Lii i

II. 
_ _ _ _ _ _ _  _ _

- - - - ~~~~~~~
- - — . . . , ..  - , a ~~~~~. —-—-._ .~~. -. - -“‘ 
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.IIILI t i l L ’ ~~O I t L t t t  i . . ’i i . t 1 ~ t L l i S  i t V  I L l n c t  i o u  • (~ 
, , ‘I  I i • 5 l V c i i  \

t~ . ~, tVe t ’ i  ~~

~~~~~ ~ ¼~1 \~ — 
~~~~~~~ ~g ¼ \ ~ -

We ob t a in t o  i the r o ~ I c  S ~. i s i t  01 on

d
~~~~~

. 
‘
~~ 

— 

~ 
l0~. ~~~~~~~~ ,

w h i c h  is not ut’cessarl lv 1 in e ar  . t i l L ’ con~i I t  lona 1 v.11 1 .W C t ’ ot  (~ , ~~ ly o n

• can be w r i t  t on  as

¼ : .  S~ Va t  - ~~ — ~~ log  ~~ \ )  F ~ ,

, i ti d  t he t hi i’d an d f o u r t h  ~-~‘ti d i t  i s i i. i  I m om ent s  s I t 1 .t t ’s i i t  t t ie ‘°  in •

t v t ’n \ , .1 i t ’ ci) t a t  iie~l by

— o~~~( d \  
Io~ gt ~~

¼~~~~
. I~ 5) 

~~~~~~ \~ o~~[ ~ ~~~ I L~~5~~~~~~(\ ~~ + 

~~~~~~~ ~1\ 
~~~ g~~\~

+ ‘‘ 

~ h \ ~ ~~~ ~ t \ ’I I •

t c S I ) t ’ ct  i~ ’ t’ lV .

Wh en t h e  den s  i t  V I un~’ t iou • • not L ’~~’S t ’ r v a b  i t’ • F ¼(~ j \ ~

C an ~‘o .L~’~ ’ t o x  i f l l . I t  OtI i ’v t i i t ’ i t  fle.t I t’ t ’t~. i t ’S sion • or  t ho best I i t t L’Li i i  ttt’at

i i i ic  t t en  ot  \ in t he SL ’11S~ ’ th at t i lL ’ dl  ~ • -p .k n c  i t ’s ot  t be co r i o  sp~’ud l ug

I rem t h i s  I i  n e ar  I unc t ion .t r , - mini m l :  ed by t ho I eas t  squa rt ’ s p i  1 U t ’ 1 ~‘ t o .

Thus th e  qu .in t  i t v  ~ t o  be’ m l i i  m t  .•ed is  g iv en  by

I l~ Q — l l (Vi  1
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wh o rt’ h ~ 
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( .~. I ~ F ( t ~~ \ ‘) — b ( \ ’) • 
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:‘~at  i su  t un c t  ion is sa t  i s t  i e d .
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In the No rmal Approx imat ion  Method , the b i v a r i a t e  d i s t r i b u t i o n

of 13 and A f o r  each i t em score group is approx imated  by a b i v a r l a t e

- 
normal distribution , and , using (2 .17)  and (2 .18 ),  the  frequency dist-

ribution of 0 for each item score group is es t imated accordingly

(Samejima , 1977b). The application of this method for the simulated

data of five hundred hypothetical examinees (cf. Appendix I) turned out

to be qui te  success fu l .

The assumption of the bivariate normality for the joint distri-

bution of U and A can be avoided , however , if we can estimate the

density function g(A) in an appropriate way, which enables us to

es t imate  the regression of 0 on A d i rec t ly  through (2.7), and other

conditional moments through (2.8), (2.9), (2.10), etc. Once this has

been done , then  we can approximate the conditional dens i ty ,  ~~ 0 I A ) ,  of

U , given A , and then es t imate  the  b ivar ia te  dens i ty  func t ion

~ (~~,0) through the re la t ionship

(3.1) ~ (A ,0) = ~~0~A) g (A )  -

The marginal  dens i ty  func t ion  f ( 0 )  can be es t imated , t h e r e f o r e , through

(c.~

(3 .2)  f ( 0 )  = ,J ~ (A ,0) dA -
-w

The above , procedure can be appl ied  f o r  each i tem score group

of the  i tem whose opera t ing  cha rac te r i s t i c s  are being es t imated , and

the ope ra t i ng  c h a r a c t e r i s t i c, 
~~~ 

( 13) , of the  graded response category
g

X
g 

of i tem g is es t imated by

m
(1.3) ~ 

(0) = N 
~ 

(1) ~g N I ( 0 ) 1_ I ,x x x S S

L ~~~~~ ~~ ~~~~~~~~ ~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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Wilt’ re’ N is  t itt’ nitinbe ’ r o I t ’ x,im h u t S  whose i t  em see F t  - a r t ’  x - • and
x
g

I (13) i n tile ’ est l n i a t e ’d  dent s  I t  V I wie ’t  Ion  ci lot t he’ group  ol - ii h t li t ’
x

S
o xani I f l O t’S W hlO lie i t  em score ’s a re I I I I  i t  ()l’flhl’9 X

In t ho present  roses r ch • I hit ? dens it V I t ii ic I I oil • ¼ ‘ ¼ )  . I t u i  Oae ’ii
g

I t  o lil Score 5 1 O t l ~~ I~ .ifl )’ lc ’X litia t e1 i~\~ pe) h \ ‘ l iOhl l  i a In cI de t, ’ ’S 1 , ‘~ an t i  ‘ by

the nit ’ t lied c ’ t  mOllle’il t s ( E ide rt on and Johns on , t~~~ t) , ,J ch l l l s cn  and Ket t

1970 , Same j  ima , 197 7c) , adopted ton [tie subset ol h it’ observed max [mum like -

I Ih oo th est Ins t en - Both h u t ’ dens it V t’ u n ct  i t l i l arid thit’ Opt ’ rat lug  t -h ~~i’~ c (I - h -—

ist u S  l i t ’ e’St m a ted  by  t i n  iug t’at ’lt i t t  t h it ’s,’ t h r ee  en t utated the’ i~ I t I lilhi l I t ’l lS
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these mean square errors Iir c ’ also given in Table 5—2 , w h i c h  a r e mo r e

di rect  measures of the discrepancies of the  estimated density I ; l I I C t  ions

f rom the  t rue  d e n s i ty  f u n c t i o n  of a b i l i ty  ~ . I t  is observed that

all these measures  of d i sc repanc ies  are between two and f o u r  t imes  5 r e a t e r

than  t h a t  of the c r i t e r i o n  dens i ty  f u n c t i o n  of the  S imple  Sum P r oce d u r e

- 
of the Condi t ional  P .D .F .  A pp r oac h , and yet  they are small enoug h compared wi ts

the t rue  dens i t y  of 0 .2  . There is no evidence to indicate  the s u p e r i o r —

i t v  of Degree 5 Case , nor to indicate  the i n f e r i o r i t y  of Degree 3 Case,

H in these r esu l t s .
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VI,1 Discussion and C c-lISt’ 11151  Ot t

Bivar i a t o  P .1) . F. A p p r o a c h  was 1st r oduc t ’d , and , combined with

Norma l Approach  Method , was t es ted  on t i t i ’ same s i m u l a t e d  d a t a , w h i c h

have been uset i in tes t  i~ tg  c - a r  iou s  combina t  ions of an approach  and a

method developed p r e v i o u s l y .  ‘[ ‘he cc--s t i l t s  t u r n e d  o u t  t o  be s u c c e s s f u l,

or j u s t  as good as t i t o t i t ’ ob ta ined  by the  ot h e r  c o m b i n a ti o n s  of an approach

and a me t h o d .  There  are ito i n d i c a t i o n s  t h a t  Degree 5 Cast’ provides

us w i t h  b e t t e r  r e s u l t s  t h a n  Degree 4 and 3 Casc-’s , nor t h a t  Degree 3

Case is i n f e r i o r  to Degree -~ and 5 Cases , in b o t h  t h e  e s t i m a t i o n  of

abilit y distributions and the estimation 01’ item ch ;uractt-r i st ic functions ,

as f a r  as t h e  p r e s e n t  sc-’t of simttlated d a t a  is concerned.

s t i c -’ cons  in t i l e  p re sen t  paper  shou i d  he e m p h a s i ze d  C OI lS  ( S c-’ r i n g

t h a t  Norma l Approach  l’lc-- t l i o t l  is used , in wh ich only t c - . c-~ V’S t i U ) a t t ’~l c- ’ c i t t d i~

t ional moments are ust’d and the app  r c - lx  I ttla t ion to t i l e  b i var i a t  I’ c-i c- ’ns it  y

f u n c t i on  b y a normal d e nt c -  i t v  f u n u t  to i l  Is apparent l y too crude , espi’c i a l l y

f o r  e x t r e me  v alu e s  of S . 1(1 511101 [o r a t e  th i ~; , Pt -ar t -ion S~’ste m Mc --t h o d

should  n a t u r a l ly he con s ide re d .  Un 1 j kt ’ i n  ConS i t  i on;t 1 I” . !). 1-’ . A p p r O ;t c -’ll

i t c - t w t - v c -’ r , I’ c- ’ , l  t’~ i c ) i t  Sy s t em ~‘ic ’ thlO t i  Would c a u s e  ‘401110 5 r ob  lc,’fll i t t  tI c-c -’ c,’St  iIfl~t t 1011

of t h e  p a r a m e ter s  w i t  Ii t h e  p rc -’ st ’tc-t ,  S I 111(1 1 St  etA c- i a ( a  , Si  ttc -’e 1101 011 1 1’ i’ o i  t’sOut ’ 5

1’ y p c -’1-; I anti  [I  d i  o t  i - i  b u t i o n s  and tilt, ’ norma I c-i 1 s t  F (b u t  ion b u t  also those

of ‘I’ypo s I V , V I  and V i i  , l l t ’ i n v o l ved , as I t i  c-’ Ieai- f r o n t  ‘t a b l e  ,\— C~- l  oh

A p p e n d i x  I I  . N o r m a l  A p i lrc -lac -- iI i’lothoc-l , oii t h c -’ c - ’U t t ’ i  hand , i s  cpu i t o  5 ( m p h ’

iii c-15~) Ii 0.1 t ion  I’ c- ’c ,~ - l u s t ’ it requ i t ’ c- ’S on I c- I wo o i l  i 11151 etA couid i I ion ;u  1 moment ,

even t i~oug1t it lh l ; IV s , t c -  r if ic -’c-’ sonie ;lc --c ur ;l t ’V 01 t S t  1 11151 (01) . it) avoid  the

com p l e x  n , l t u r & - of Peat-
~ oui S y s  t em N et  itot i  w i  t i t o u t  i t _ I c -_ r i  t i c i ng  t u e  accu racy

t I l t ’ ,- St  m at  i c- tn ot  I he h i var  i t t , ’ deli s I I v  t ( t I l t ’ 1 1 01) , t i l t ’ ac-lop I Ion ot

~ 0 l V t l i l l l I  I I I : ;  oht  ,t  i t i c --S l’s lI lt .’ met 1105 t l l mt lmt ’I l t  ~t (~~ hi,’ I u ’tg 005151 c-b red , t I l t 1

~.
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Sc-SlIt ’ I itt ’cir,_ ’I i c - S  I t n c - C t ;  I 1 ~~~l t  i t ) l i  c - i t  t i l t ’ p o t  \ ‘ l lOI l l I . I  I c - t I ’ t  .11 I i t , ’l,l I’v h it’ lt l t ’ t  i c - i c - I

01 mc - l l tc - - t t h s  i s  u i t dc -’u  w . ty  , W i l  i c - i t  N.’ l i i  I ’ , ’ p t i b l  l Silt ’d as o ur  R t ’s, ’ , l u ’ c- ’ i t R c -1’ - ’ t - t

-
- i t t  I i t c - ’ i l t ’, I I ’ I t i t  i l l ’ , ’ -

‘i_ i ll,’ R I  c - - u t  c i a  t e 5. 1) . F. A i) 1) t ’ c- ’, l t i l  p r op osec-I  i i i  t i lt ’ p r c - ’st ’i lt  p a p t’  r i s

SOtIlc-’Wit~l I. c - i t  t i c -’ t’t ’U t  f rotit t i t t ’ c-tic -c’ p resen t e d  p rev  i c- ’\ lS  I c- 1, 5511k’ ins , i ’-) 77 h )  ,

S jilt
_

c-’ t i l t ’ 50115 i t 5’ I sn ot  ion t ’ I  t i l t ’ IIIZ 1X 111111111 1 i k c -’ I iIit ’c-id c ’ 7 t ~~ 111151 c ’ S i n  ;i p l ~ u , t X ’ -
t
~

i m a t c -’ t,i by a 501 I-’ tlOIIl 1 , 1 1  c- tb I ~1 (nO t 1 by t i l t ’ me t  hod c-if IflotIlt’llt s • . I I I J  t i i c -’ rc-’sI) i t

is used in 051 [1115 1 tug thic -’ t’t)uidI l iO ns  1 u l iomet lt  s 01 . ih ( l i t  v S , g iven I1 .

It  is s&ispc-’c--ted t ha t  , if the da t ,I  arc-’ di l’I c-’rc -’nt I ronl t i l o n c -- c t s c - ’c- i UI

h i t ;  Sc-’c-lUell c-’e 01 t ’ t ’ t i c -~ ,l t’ol i • l I l t I  t h i t ’ I I 1) 0 , 1 1 ’  regl’t’ss I c-l I l t - arc-- t io t SO c-~ l c -~ S0

t o  t i l t ’ t r u e  r eg r e ssi o n s  of S c-in S , t he n the st l p t ’ 1 i c - ) l i t V  0 1 t i l t ’ I~

p resc-’n I t y p e  o t B iv  ,I F t a t  t~ I’ . 1). 1” . App u’ oac -- it c -w e t. No rmz i I Ap p r o x  im.t 11011

~‘l, - r I ’t ~ I t~a’, be nut irc -’ c- ’ c- l t t Sp  I c - t i c - S o t . Ac -Ic-I it i OI t ; i  1 t’ O S t ; l  I t ’ll iS  i l t ’c- ’ c- ’S’4 , I t c- 1 0

iu i v c -s 1 t i~~.)  I c- (ii i S , i I c - ) W t ’vt ’ t~ , lit - I c - l i c -’ i c c - ’ t c -~ ac -  It , i t t ’ ,’ t’Ol t ,‘l us Ic -ill .
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A— I S imula ted  Data

The s imula ted  da ta  used in the  p resen t  s tudy  are charac te r ized

as fol lows.

(1) There are 500 hypo the t i ca l  exatn inees.

(2)  Their ability , or l a t e n t  t r a i t , d i s t r i b u t e s  u n i f o r m l y  f o r  the

i n t e r v a l  of 0 , ( — 2 . 5 , 2 .5) . A c t u a l l y ,  we use 100 d i sc re t e

points  of 0 , such as — 2 . 4 7 5 , — 2 . 4 2 5 , — 2 . 3 7 5 , — 2 . 3 2 5  ,

2.375 , 2 .425 and 2 .475 , i.e., the midpoints of the lCD subintervals

wi th  the w i d t h  of 0.05 , and at each poin t  f i v e  examinees are

located.

(3) There is a hy p o t h e t i c a l  t es t  of 35 graded  items , each of which

has tI t rec~ i t e m  score  ca tegor ies , 11115 which provides us with an

approximately c on s t a n t  tes t  i n f o r m a t i o n  f u n c t i o n , 21.63 , f o r

the interval of 0 , [ — 3 . 0 , 3 .0], fo l lowing  the normal ogive

model of the  graded response leve l ( Samej ima , 1969 , 1972) .  The ‘
1

te s t is called the Old Test , to distinguish it from the New Test

which w i l l  be descr ibed l a t e r .

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

Test , and h i s  response  pat  t e rn  on tic -c 35 gi aded i t ems  has beet ) ‘ -

c a l i b r a t e d  b y the Monte  Car lo  m e t h o d .  The score ca t ego rie s  of

each i tem i re  0 , 1 and 2 , and a t v p i,c-.’al response p a t t e r n

looks l ike :  (2 , 2 , 2 , 2 , 2 , 1, 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 c~ cit response pattern , the maximum likelihood estimate of tite

examinee ’s abil ity has been ob ta ined , us ing a c o m p u t e r  progra un

w r i t t e n  f o r  t h i n  p i t r p o u ;t ’ . In t h i s  p rocess . c - l i l t  of 105 b a s i c

“~ In R R — 7 8 — 2  , R R — 7 8 — ’  c • FR— 7 S — S  si c - I  K R —  7 9 — i  , I I i i  ii i l I I rnb t ’ r is  r ep o r t  &id to he
‘‘ f c - u i r ’’ by i - - i ~u r i k e . hut ‘‘ t’ i lrt ’t’ ’’ i s  t u e  co r r t ’ ct  n u m b e r .  F i l l od w i t h  t h i s ,
t hc-’r e are some c , r r c --t ’ t i o n s  to  be made in t i c - ’ f i r s t , fifth , inS six t ‘ u l ines
from b o i r  t(~11 lfl t h e  lt~ lf l f l ’  u ip p t i i id  ix  is ti c-is one in KR— 7R— -~ and RR—7 8—5

- - - - 
~~~~‘ - c  

~~~~~~~~~~~~~~~~~~~~~~~~
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f u n c t i o ns (S , i i t tc ’~~ima , 19b9 , lc-)72), an ap p r o p r i a t e  set of 35 bas ic

I c - t i c -C l ~~c- ’ l c - 5  . 11c-’ chcu ;c-’uc - c-IL’ p O f l c - I  i fl~’, l ; g c - l I l  the item s c u t c-- t ;  i i i  t h e

r ot ; l i c- ’t l sc  ~~~~~ torn , sac- i , u t i  ing t u t ’ Fc-’wLc -’it— l ( , i i l h t s O f l  )~ Uc -”Cc- ’ c-t Ll~~c-’ ,

111 0 “ o t u t t  o i l’ S at w h i c h  t i l t ’ sum total u t  t i c - u s c -- 35 b a s i c

fu n o t  L c -~fl , l equ~t 1.~ ‘~~~ r c-’ 15 sc ’,trch ,’c - i .

(6)  There c u t  a n o t u i e r  h l v l c - i t i l c -- t l c -’ ;t l  t c -’s t ot 10 bj n , i r ” ,’ item s , each

of w h i c h  follows the norma l og i c - c -’ mo del  of t h e  d i c h o tom o u s

t o  t ;p c -’ t ic - s t ’ lti v t� I , T b is  is ~ .t l  l c -’c-I t , h c -’ Fc- ’c-~’ Te st  . 0

) E,tch of the 50c-~ oxantinoos is j s s m t m c -- c - i  t s i h a v e  t a k en  the  Nc - it ,’

Tt -s .1 1 10 , ui ~~0 il l s  I c ’ t i ’ c - ’tit ’ c -’ P ’t t  c-’rn on t h e  Not,’ Test h a ;  h~~c- ’uc-

C c - i  ii ii r.ct ec - I iuv t i e  N c - n c -  to  Ca r ic -i iic-’ t hu d .  A t V ’  10111 r e sgo n se

~“~1t ~~c- ’r :1 I c -’ok :;  l i k e : iO , 0 , 0 , l , 0 , 0 , 1 , O , 1, l ) .

(8)  The i t em  c-’ hc - i r a c -- t c - - r i s t i c  t’ ii u l c - - t  ~c - n c - t t  c_c- f  t h e  l o St  l t c -~115 o f the

New Vt ’u ; t . lre , t S S t l t ’lc - c - l  t c - ’ ho t u i i L 5 c - tc - n , ,m c - l  t l ; c -”: arc-- t 1 ; c -’ t ar g e t  V

01 ‘t ; t  k i ’ t a t  (c - c -t I . I’~~ t5t ‘lo t hoc -I c i t  c - t t t (tltul t lc -’Ic- is ova  l u _ t i  c-’d t ”v  t h e

t i l t ’ “ 0 i c - i t i c- ,’ I l c - l S ’ i ” of t ti c -’ resu ltan t c - t i t 15511 t’d i t & ’in ch ; l r a c -- t  c - u  i st Ic

I t i n t ’ I I c - il l s to  t h e ’ I c - c - t e  itc- n c- i c - I t t _ i c -- t c -’i l O t  i c - i  11110 t i c - ” U t ’

( t  (0— li )
P ~S)  ( ) . ~) _ t / .~ F 2

c- c-i t,

_-
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TABLE A-2 -1

The Four tstimatt,-d Conditional Moments of the A bi l i t y  d • given the Maximum L i k c -’i i ~~~ odSt mare ~ , the First of Wh ich Is About  the  Origin and t he  O t h e r  Three  of Which AreAbout the Mean , Together with the Coefficients arid ~ , and Pearson ’s criteria0in ~egree 3. 4 and S Cases for the Failure and Succe~s Groups of Each of theTen Binary i c - c - -ins. The Integers in the Column “Type” Indicate the Pearson ’s Dis-tribut ion type Numbers , Except for 8 Which is Used for the Normal Distribution .

DECREE 3 CASE: Item 1
Sub— Conditional Moments
ject Q Mean Var. 3rd 4th Bu 82 r Type
(Failure)
3 3  — 2 . c-’000 - 2 , - I c - I l  0 . 0 9 1 9 5  — 0 . 0 0 2 5 1  3 . 0 0 2 , 7 ’. 0 .193 2.191 — 0.012 1

- ..._ — 1 .  ‘1 , c - 0  ~ ..- ,7 . i l ’ - ’  — 0.03”i ,,,,,,,_~.Q,QQt 33__ - ,, 0.00300 _ ,,_..,_.O .O l I —‘ _,,_O . (1i~,,, .,_,,_,rQ.O51
I S  —0.0000 - .,, o c - , , ,  ,l .c- ?)c -t oj  —0. 00312 3 .02’. l c -  0 .2 0 9  3.062 -0 .02 3
16 — 2 , 5 ( 3 0 0  — 2 ’ , 52 1 0  0 . 0 3 9 3 8  ‘ - 0 . 0 0 0 31  0 . 0 0 4 4 ,  0 . 0 0 2  0 . 9 1 6 — 0 . 0 1 0  0
I T _ _- 1 , i 2 0 ; - 0 3 .  ( 6 6 9 0  ,_,__. 0.039’i,,,,,,,,,,90.00013 _.._ 0 . 0 0 4 8 3  .__,,__ .0 .000

9 — 2 . 3 5 0 0  — 2 .  ‘ ‘c - IS ’ ,  9 . 0 3 9 7 5  0 .000 09 0 . 0 0 . 6 3  0 .0 0 0  2. 0 ) 9  ‘0 . 30 1  2
9 — 2 , 2 0 0 0  ‘ 2 ,  i ’ c - ” -O ’l o . 0 I ’ 3 2 ’ c- - 0 .000 35 0 .00 44 9  0 .0 02  2 .911  — 0 . 0 3 8  2

70 ‘,, 1030 - ‘ S . l I  1) _ - 0 . c - I l l  F ~,,, _,,,,Q,0Q07~_,,,_ _ 3.0~t’c-1L,,~~~ 0 .00’ ,,,,__ _ 0.8 ,9 __, ,,,,__~0.0ZL,,,,_ _.,__.2,
2 1  — 2 , 0 0 0 0  —2,0 3 371 0 . 0 3 5 9 7  0 . 0 0 3 3 3  0 . 0 0 3 4 5  0 . 0 4 1  2 .6 6 8  — 0 . 0 4 0  I
‘2 — ( . 030 — 1 . 9 5 7 2 4  0 . 0 3 1 6 3  0 .08 283 0 . 0 0 1 9 9  0 . 2 5 3  1.989 —0.019 I

(Success)
— 2 .  1 0 ,40 — ,‘, l I - c - ,  0 . 04 1 1 ’  —0.110 0 66 0,0,, S o)  0 , 00 6  2 . 9 20  — 0 . 0 2 6  1

4 ‘ 2 . 1 , - c - I )  — 2 . ,4’ 3 1  1 . 1 , 7 5 4  - 0 . 1 0 0 4 3  0 0 0 c - I S  0 . 0 0 2  2 . 9 5 7  ‘0 . 02 0  2
I S —  - 7 ,  o”0 0 — — ,‘ “ l , ’, ’ O  - 0 , 0 , 1  3 .  - — 0 . 0 0 0 30 —. 13 , 0 9 9 , 4  — - 0.001 2. 4 7 6  - - — 0 . 0 1 5  — - 2
16 — 2 , 6 - 3 0 0  — 0 , 5 ) - l I  0 .0 . 1 0 - I  — 0 . 2 0 0 2 2  0 , 0 1 ’ ) —  0 .0 0 1  2 . 0 0- .  ‘0 .0 : 1  3
I I  - 2 . 4 3 00 ‘ 2 .  1 6 2 6 1  0 , 3 . 42 0  — 0 . 0 0 0 16  0 . 3 0 6 ( 0  0 .0 02  701 3 — 0 , 0 : . ,
I6 .2. c - c - c - C O — ‘ . 2 6 0 4 0  0 .0 4 . ’, l  - — - - — 0 . 0 0 0 l 2 - - --- .- - - - 0 . 00 5 9 5  _._

~~~_ _ 0 . 0 0 0  — ~
_ 2 . 9 9 3  — - ‘03.008- -—-—*

19 - 2 . 1 3 ) 1 0 0  — 2 6 ’ ’  I I3~~)’.’.-1 ,’ - ( 3 . 0 0 010  0 . 0 0 9 3 2  0 . 0 0)  2. 99 5  - 0 .0 0 7  8
7(5 ‘2 . 1 0 ( 0  — 0 , 0 7 1 9 1 1  ( . 0 0 5 0 1  — 0 . 1 3 0 0 1 ) 8 0 . 0 0 6 0 7  0 . 0 0 0  2 . ’tO ,  — 0 . 0 3 6  8
2 1  — — 2 . 0 c - 0’i - - .1.  7 0 9 0  0 . 0 6 5 1 6  —0. 00006 —— .  ~~. O O 6 , I — - - 3 , 2 0 0  — —_ -  2 . 0 0 7  —_ _.0 .005- - . - -_ — 8.
22 - 1 . 1 10 0  — 1 . 1 7 7 1 9  0 . 0 4 , 9  — 0 . 0 0 0 0 5  0 , 0 0 6 1 5  0 . 0 0 0  2 . 9 4 7  — 0 . 0 3 ’ .  0 7
2 3  7 . h l OO 1. 7 7 9 0 9  0.0. ’, l )  — 0. 00004 0 . 1 0 5 1 7  0 .0 00  2 . 0  — 0 . 0 3 - .  8
2 .  - — — 3 . 7 3 0 0  ,—_—~ 1. 0 0 0 4 —  _0 . 0 ’ , 5 4 5._ _ _ _ .0 . I l 0 0 0 3  _ __ _ 0 .0 0 6 3 0  —_ 0 . O U O  _-~~~~~ :0-1.1 __ _ _ — u . 0 0 3  — -
‘ 9  - 1 . 9 00 0  ) , ‘, ‘ c - 2 4 ’  0 . 0 4 5 52  — 0 . 0 0 0 0 3  0 . 0 3 9 ,  - 0 .00- )  2 . 9 9 9  -0 . 0 03  11

2 ’ - — ( . 5 0 0 0  — I,,0 111 1 3 ,01. 5 5 10 — 3 . 2 0 0 3 2  0 , 0 3 4 2 1  0 . 00 0  2 . 0 9 1  ‘0 . 00 3  33
2 3  - — . 1 .. c - ’ c - O  — 1 . 1 8 9 2 1  — 0.0’ ,,- . —‘-— — 0 . 0 0 002  — 0 , 0 0 6  - — 0.0 ,c- ) - .-, 2 . 9 3 9  - - 2 . 0 3 2  - - 8
23 — 1 0 1 - 0 0  — I ’ ll ’ . ) 0 . 0 4 9 6 )  — 0 . 0 0 0 0 2  0 . 0 0 6 2 4  0 . 0 0 3  2 0 1”  — 0 . 0 ( 5 2  9
27 — 1 . 2 ( 1 , 1 — ( . 1 1 4  0 .2 - 0 3 7 0  ‘ 0.3000 3 0 . 0 0 8 2 3  0 .000  1. 0 1 0  ‘c-1. ,01 3
1 9 ”  . l . 1 ’~~’1 - —- ‘ 1 . 0 (3 (17 )  — 0 . 0 . 0 3 — ---.“ —0. 0 0 0 0 1_ - -- 0 . 1 O o .’ l . __  - - 0 .00 0 -- - —-— - 3 .00 0 - — _ - — C . , C I  - - 8
3 1  0 , 0 1.3 — 0 . 0 3 06  0. 0 4 5 7 6  — 0 . 0 0 0 0 1  0 . 0 01 , 0 4  0 . 0 0 0  3 . 2 00  ‘ 3 . 0 2 )  0
32 ‘,) •

. ‘I,,)) ‘3. -c - ’ l 7 7 S  0 , 3 4 6 7 8  — 0 . 0 0 0 0 1  0 .02 6 2 9  0 .0 , 1 0  3 .0 ,0 0 — 0 . 0 0 3
3 3 — .0 . 1 1 4 40  - 0 , 7 , 1 1 0  - 0 .01. 0 30 .. _—— O . 0 0 3 3 l  - - 0 . 006 ,19 - — 0 . 0 0 0 —. 0 .0 00  — . 2 . _ 2 i  — 4
‘ 4 — 0 .  7 .10 )  — 0 . 6 9 2 5 9  0. 045,1 3 - 0 . 0 00 0 1  0 .0 0 6 3 0  0 .0 0 0  3 . 0 0 0  ‘3 .  0 2 1  8

• 7 -  ‘ 0 . 1 , 100  — 0 . 5 9 3 4 7  3I , . I ’ . 5 0 1  — 0 . 0 000 1  0 . 00 8 3 0  0 . 00 0  3 . 02 0  -10.0 00 3
I6 __ , .C ,. ’,, II - ‘11 . 4 0 4 32 _, 0 .~~ 4 5 0 , .  - 0 . 0 C000 . ._.. 0 .0 06 ( 2 . . . —  _ .0 . 002 — —. 3 . 003  ‘ . , 0 , 2 ,,,,_. 8

9 7  O L c - l ’c- ’) ‘ 0 . 3 9 5 ( 5  0 . ) c - ’,il ” — 0 . 20 0 0 0  0 .0 0 6 10  0 .022  0 . 0 0 0  - 0 .2 1 )
38 — 0 .  ‘ “ - c - l i  — ‘ 3 . 0 9 9 ’ 0 3  0 , 1 . 9 , 9  — 0 . 0 0 000 0 . 0 0 6 3 1  0 .0 03  3 . 0 0 0  “ 0 . 0 00  3
( 0  — 0 . 2 0 0 0  - — 0 . 1 9 6 2 7  - 0 . 2 0, 4 0  — — .0 .0 0 0 00  -  0 . 0 0 9 l ) —-..— 0 . 0 00 _ _ _ _ -3 . 0 0 0  - - . 0 . 3 0 3  8
40 ~ 0 , 7 ’ o )  -0. 1 0 3 5 6  0 . 0 . 5 3 6  -0 .00000  0 .0 0 6 3 1  0.000 3 . 0 00  — 0 . 0 0 0  8
- l~~~~~~~~~ , . ’00  0. c - c - c - I ’ ’. 0 . 0 - - ’- , - l  0 .0 0 000 0 . 3 , 9 ( 1  0.0,10 3 , 0 0 2  — 0 . 0 0 )
4 2 -  - I’ , “ I .O  — - 6 , 0 , , ’’ - . 0 0 l . ’ 1 1 9 - ’ - — — — O.000I13 — 0 . 0 0 6 3 1  — — - - 0 .000  ‘ - - 3 . 000 ’ 0 . O o c - ,  - - — 8
I I  0. 2 )130 0 , 0 0 0 0 4  0 . 1 0 9 , 7 9  ‘1. 10000 0 . 0 0 6 ) 3  0 .0 )0  1 .0 0 0  - 0 . 0 3 0
4 4  0. ’ ’ 1OO 0 . 2 9 9 2 3  11 , 0 . 9, 9  0 . 0 0 0 ( 1 1 3  0. 2 0 9 ( 1  0 . 0 0 0  ‘ . 1 0 . 4 — 0 . 0 c - 0  3
‘S - 0, 4 117 0 ‘0 0) 9 41  —- 0 . 0 6 4 1 4  —- 0 .00001)  - — 0 . 0 0 9, 0  - 0.000  - - 3 .2 0 2  — — 1 0 . 0 23 -—

0 . ’ .lOli 0 . 40 3 56  0 . ,I , 5 1 1 )  0 .000 0 3  0 .3 0 8  0 0.0,12 3 . 0 0 0  ‘ 0 , 100 8
.7  0 , 6 1 ’ )  0 0 . 596 9 9  0 . 0 . 1 1 ’  0 . 2 0 00 1  0 . 0 0 6  30 0 .0 0 0  ‘ . 0 0 )  - 2 . 1 0 3  3
4 9 — - — - 0 . h ’ u ) - - — 0 . # 4 4 , c - 0  - ‘ I , J ’ . 5~~,l — 0 . 00 0 0 1  0 . 0 0 6 2 9  0 .000  - ‘ 3 .2 0 3  - ‘0 . 0 01  8
49 0 . ’0 00 0 l9~~86 0 . 0 4 5) 3  0 . 0 1 , 9 0 1  0 .0 0 6 2 9  0 .0 0 0  3 . 0 0 0  ‘ 2 , 2 , 13
‘0 0.9960 0 ,10 ’ , - ”  0 , 0 4 9 7 3  0 . 0 7 00 , 0 , 0 3 6 2 8  0 .0 02  1 . 00 0  -0 . 2 3 1  8
9 3  3 , 1 6 - 0 9  - 0. 99 2 6 7  - 0 , 3 9 6 ( 4  ‘- - ‘—- — 0. ”3’00l 0 . 0 0 9 1 1 ( 3  -— — - 0.I1, ’c- )  - — 3 .0 0 0  - .0.0 01 —
9’ 1 . 1 0 0 ,) 1 . 0 9 1 ) 9  0 . 0 4 5 ) 1  0 . 20 0 0 1  0 , 0 0 9 ’ ’  0 . 0 . ’ ’  2 . 9 5 9  .0.302
4 1  I . ? - ’ ) ) i _ I ’ - , , , ’  8 .0 4 5 9 ,  0. 00 0) . ’ 0 . 0 1 1 2 6  0.0-10 2. 739 — 0 . 2 0 2  8

( . 1 00 - - — — 3 . 2 0 , 4  I — 0 .04 9 6 , —’— — 0 .7 0 0 7 7 2  0 . 0 0 9 1 4  - — — 0 . 0 , 1 0  — - — 2. 094  ‘c- l~~ c - , . d  S
~ 9 3 c - . ( J )  1, 1-0’)’ , 0 ,,( .’,’, -t 0 .1)0 0 2  0 . 00 9 , )  0.00’)  2 . 9 4 9  ‘ 3 . 0 0 2  3
5’ 1.93 ,00  L 4 9 9 4 6  0 , 0 . 9 5 4  0 , 0 3 7 0 0 3  1 3 . 0 0 6 2 2  0 .0 ,10  2 .9 9 9  3 . 0 0 1  3
9 ’  - - 1. 4 , 11’) - , ‘ - 3 4 ) ’ I  3 . 1 . 9 . 2  - ,3 . nv ,3  1 0 . 00 6 2 1 0  ‘ ‘ 0.003 3. 998 0 . 00 3  -
‘N 3 . 3 . 0 0  1 . 6 1 3 ) l ’ I  1 . 0 , 9 ( 9  u , o I , c - ’ O ’ . 0 .0 0 1 , 1 4  0 . 0 , 1 1  2 . 99 9 — 0 . 0 0 4
“~ 1 . 7 ) 1 , 1  ( . 1 7 1 , 9  0 .1’.” )  0 0 .30005 0 .0 0 6 ) 5  0 . 0 0 0  2 . ’98 .0 .0 0 4  I
‘ - 0 — - - 3 , 4111 ,3  - - ..,,. ( , ,I’036 0 1 0  - ,1 . 0 . ’ 0 ’ 4 , ,  0 . 0 0 6 3 2  - - - 0 . 00 0  - — 0 . 9 0 1 - — - 0 . 00 5  —
‘ I  2 , ’ (1’ 3 , 7 1 6  0 , 1,9 0 4  0 , 1 0 7 , , ) 0 .0 2 0 08  0 . 0 . 0  2. 196 — 0 . 0 0 ~
‘7 .‘, “I 2 , 0 ) 4 ’ ? 0 . J , .’ 1 ’  0 ., c - 0 , l , I , 0 .0 1’ ’) ’  0 . 0 0 0  2 . 4 0 ’  — 0 . 0 0 1  3
6 3  1 . 0 , 613 1 . 1 1 1 ) 4  II . 0- ..’ c- “ , - O O l d  0 . ,,04.’ ’, - - 0.16,0 - 1. ’ ” ’  0 . 0 0 I  8
“4 . ‘ ‘ 0 0  1, 1 4 ) ’ ,’ 0 . 0 , . ,’ .  0 . ‘ ‘ 0 ~~9 0.00534 0.0 110 2 . 4 9 0 — 0 . 0 1 0
‘- 9  .4 0 , 1  ‘ , 39 ,03 7 ,0. ’’0 -I , ’~

,
~o 7 Q  0 . 0 0 5 3 7  0 . 0 0 0  2. 4 , 5  — 0 . 0 1 2

‘ 2 . 2 , .~~ l 4 3  ‘ - ‘ . 1 1 9 3 ,  • 1 .- l O u / c -  0 . 009 6 2  - 0 .0 0 3  - 2. 4 7 ?  - — 0 . 0 1 4
‘c - F  2 . ? ‘101 2. 6’1 7’  0 4 2 3 /  ,1,.10u4.) 0 . 0 1 0 5 . 3  0. 0 3 3  2 . 9 6 1  ‘ 0 , 0 ( 4  8
6’ 3 .  “ l~ i.,, 2 0 1  0 . 0 . 1 6 9  7 ,101,11 0 .0 0,0 8  0. , 1 ) S  ,‘ ,- l’ ,I ‘ 1 .2 . ’.

‘ s - n c - )  — I. I ) , l 4 I - ,) . 3 l ~~~ q - 3 , .,, ) ,14) C . 0 0, 5 l  — .~~ .— 0 . c - 1 c - u  •‘ , 3~ I — . 4 ,3 3 4  - -
I, ,‘, c -’ )) ,‘ , A ) 4 ~~9 0 . 0 3 , 2 0  0 .3- 0 (30 0 . 0 ( 3 3 6 3  ( 1 , 1 . 6  2 . 6 9 1  ‘ V . 0.) I

- - .‘.l 00.. ’, ”1’S 10~~~ 9,0r’.0~~~~~ 1”.” .‘_9
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TABLE A— 2-1: Four Estimated Condttio~saI Moments of 0 , Together with the
Coeffic ients and 82 , and Pearson ’s criterion e (Continued)

DECREE 3 CASE: Item 3
Sub.- Conditional Moments
ject Q Mean Var. 3rd 4th Si 52 K Type

(Failure)
16 — 2 . 5300 — 2 . 4 3 6 7 2  0.03380 —0.00290 0.0026 ’. 0.1*9 2.330 —0.0 66 I
U_ ~

_ .2. 4b00__ - ~
_
~~2 . 3 S O 0 S _ _ - - 0 . 0 I 7 9q ’——-—-— 4. OOI28- - ——- 0.00368-—O.030 - —  - - — - 0 . 73 5  ——0.009-—-——— )

18 -.2.3100 —2.21328 0.03967 —0.00072 0.00434 0.006 2.516 —0.005 1
19 —2 .21.00 — 2 .  1080* 6 . 1 )4066  — 0.0 00*3  0.00*’.) 0.00 3 2.939 —0.0 16 2
2f0__~~ 2.l000—

_—).09lIS - _ ----0.0’.16U————--- O.~
1002S-- -- 0.003l3_~—~___l).UU1- -- ———2 .960 - ---——— .-2 llI13 .--——-2

23 -2.0)00 —2.00823 0.04202 —0.20013 0.OOSZS 6.006 2.973 —6.003 2
22 —3 .9000 —1.91112 0.03220 —0.0000* 0.00330 0.000 0.915 12.000 I
?i— ———-l. I , )00—— 1 . S 0 5 1 0 - ----0.0*123 - ——0.,3000*- - -—- - - - - - -  0 . 00931— -—-’--O.llUO - — 2 . 9 0 8 -  ~-~~~~O.0,30—I
2* —1. 7000 —3.7 3*62 0.0*204 0.0011)) 0.00326 0.003 2.977 —0 .003 6
2% .3.7.11)0 —1 .6443’. 0.04161 0.00022 0.000)6 0.00) 2.971 —0.000 2
2* - —  ‘-I .4. ’l’0 — — — 1.13*’ .’. - 0 .0.101 _— -_~ O_ )’0l~39 0.00490 —_ ----- 0.1100 2.357 — —--—0.Ot .  -— 2
21 — ) . * , o 0  -1 .4866 ) 0 . 0 * 0) 3  0 .0 00 30  0.00*71 0.005 2.926 —0.022
26 — 2 . 11.1 — 1.36136 0.23639 0.00066 0.00*2* 0.01* 2.564 “0.013 1
29 — 2 . 0 1 1.0 —3.300)’. - 0.03606 —-——0.00191 - - 0.00330 — -—— 0.046 — 0.693 ———0.040 —
30 — I .  3000  — 1.21163 0.03137 0.00265 0.00203 0.050 2.0*2 —0.083 1

(Success)
~‘3 — 2 . 3 0 0 0  — l . * )~~’9 0.02’.?? “0.00*’7 0.00061 0.163 1.012 —0.278 I
0) —0.0030 -1.30209 0.C056* —0.00200 0.003?? 0.094 2.507 —o.0~~o I

— — 3 . 99)0  - l . l,’04~ — 0.t)c20 __—0.O0I l .._ ... 0.00*32 _ 0. 023 _ 3. 8 ) 4 _ — J . ) 3 6_ )
2 ’  ).l ’l” — 1 .7 1 1 * 1  0.04113 —0.00070 0.0049) 0.007 2.933 —0.077 I
2* — 3. 1000 —l .0*’03 2.3.23? —0.000*6 0.00930 0.003 2.933 —0.020 2
‘3 — I . ’ .” — — l  . 4 3  *8  3. ,.))’. _,.~-3.’)0)3l -- ~~~~~3. :,,’,*_ _ ,2.9’l _ z. 9 ? ;  _ —0.0 1 6_ Z
2 ’, —1. 30)0 — 2 . . 4 ’ . ,  0.0.??’. —0.00027 9.00331 0.001 2.9)3 —0 .012 8

— 1 . 6010 ‘,127 0 .26*38 ‘.0.000)7 0.00983 0.59) 7.989 .-3.010
‘8 -’), 30 10 _,,~~ l .28S1 C
79 — 2 .2 000 — 1.10819 3 . 3 . 4 7 7  0. 000)0  0.00399 0.000 2 .994  —0.003 8

- , — 1 . l ’ ’ 2  —I. 17 )01 1. 4 * 9 .’ —1 .00000 0.0030’. 0.000 2.996 —0.006 9
2 ) _ — 3 . 0050 1.’)l’.*l. - 0.C.’, fl l “0.00003 - - - - O.00609 _ j.000 _ _ 3’.’707 ~~Q. 00~ _ I
‘2 — 0 . 3 3 ) 0 — 3 . 2 7 6 3 ’ .  ~. ,..‘,I0 — 3 . 1)3)39 1.2-7812 0.113 2. 950 — 0 . 3 1*
‘3  -.0.9010 —0. 7 7 9 9 ?  0.0*920 —0 .000 3 ’. 0 . 0 06 3 ’ .  0.00,) 2. 998 — 0.00 *  8
1* — 0 . 1010 — 0 . 8 8 0 9 7  0 . 0 * 7 3 6  0.00003 — 7.0067 ? ,_ , ,0.000 ,_ _ Z,~~ 39 _ ,, — I ,33) 

,,, ~~~~~R
3 ’  — 0 . 8 0 0 0  — 0 . 3 6 2 ? )  0 . 04 5 * 1  —0 .0000 )  0 .00619 0.003 3.99* —0.007
1’, —0.3030 —0.60331 0 . 0 6 5 6 0  — 0 .0000 ? 0.00620 0.000 2 .999 —0.00 ? 8
7 7  — ,* .•‘ .7 . 3 8 3 9 )  0 . 3 * 3 3 0  — — 0. ’1040Z — — 

1.9)927 — _ _0.000 — -  - _ , 0 .999 - —  —0.002 -
38  —0,131 0  ‘0 . 2) 7 * 1  0 . 0*4 5 6  —0 .00002 0 .0062)  0.000 2.399 — 0 .00 3  S
39 -0.7030 — 3 . 3 8 0 0 )  0.04159 —0. 0000 1 3 .01623 0.303 2. 999 — I . ) ) )  8
.0 — — 0 .  3 0 ) 0  - — 0 . 0 9 0 ) 5  0 .0 .383  —0.0000)  0.00624 _ 9.000 ,_  2. 999 _ ,,, ~~~ 0.00l ,_ 8

*3 0.00 10 0 .00853  0 .04 3 6 )  — 0 .0000 1  0.00625 0.000 2.999 —0.000 8
47 0 .3030  ‘7 . 107 28  0 . 0 * 9 6 5  — 0.00000 0.006 05 0.000 2.000 — 3.03 0  5
65 . 2’”  ‘ 1 .2 983*  - 4 . 4* 3  - —0 .0000 0 — —  0.006Z5 ,, _ 0.000 ,._ - 3 .000 _~~~~0.000 - 8

4 ’ . 0.7050 9 .3 C480  0.0.366 —0.00000 0.00*2’ .  0 .000  3 .030 —0 .000 5

4’, 0. 4300 1.40750 , J . ,6 S*8 0.00 103 3.33621 0 .131 1. 3?)  —1.3) 0  6
4 6

, ,
,_ 0.3000 ,,, _ 0 . 5 0 2 3 5  0 .0 *945  0.0000’) 0.0067S , .,,,,,_ 0.000~~~___ 3.000 ,—0.000 8

‘.7 0.6030 0 . 6 0 3 3 0  0 .04 5 0 4  0.00001 0.00675 0.000 3 .13)  —3.91 ))
48 1.71 ’ 3 .6150 ) 0.04360 0.0000) 0.0062’. 0.030 0. 999 — 0 .0 00  I

*9 - 0.8010~~~~ _0. 76832 0.0*501 _,,,,0.00003  — 0.00824 _ ....0.200 __- 2 _ 999 - — _ 7 ~0 .00) ~~ ,. 0

~~~~~ ‘- .9 3 7 ’  I . 8 9 ? I 1 1, . ,499 ’7 0. 00,1)  -— 3.3011?) 0.000 2. 999 — 0 . 0 0 )  3
3% 3 .00)0 0.193?) 0.04936 0.0000’ 0.00623 0.000 7_ 998 —0 .001 8
32 3 .3 09 0  3 . 0 9 *2 8  0.045’ .? 0.003 2 1.0161) 0 .3 0 1  7 • ’.99 — 3 . 5 2 7  8

31 1.2010 1.192?) 0.0*546 0.00002 0.00620 0.000 2. 999 — 0 . 0 0 2
34 1.30)0 1.29303 0.C4147 0.00007 0.00839 0.000 7•999 —0 .003 0
73 — 3 . 4 ’ , ,. -- 3.3512) - - , , . ,*3)9 0. 330813 —— 0.0061? _ ,_ _ 0.000 2.~~98 ~~_,~~0.Q03 8

3’, 3 . 5 0 ) 0  1 . 6 9 ) 2 4  0 . 0 * 5 2 1  0 . 3 0 ) 14  . 0 3 6 3 4  0 .303  2. 990 — 3 . 3 ) 4  9
91  1.6030 1.38904 Q . 0 * S ) f  0.00003 0.00811 0 .000 2. 9 9 7  — 0 .0 0 4

— - 
3. 70)0 - 3 .8026 *  - - 0.03’,0* ,_ 0,00006 0.00600 _ 0.003 — 2. 99?  ._,....,.—3.005__5

3’) ) . 9’ .  3 . 11’)’ .? 3 .  ‘.‘.79 .3 ’3 . ) , j 9  0.00602 0.003 2.996 —0.006 8
6)3 3.1010 3.51701 0.04*68 0.000)0 0.00398 0.000 2.994 —,3.30) S
6) 2.0030 ) . 9 1 ’ .’ L 1. 4 0 4 3  9.00,1) 9. 7)39 -3 0.091 2. 993 — ).)~~5 I
62 2.10)0 ‘.3 6 3 , ’ .~~~~~~~~~ .C4 . . 0’) 0.000)8 0.00361 
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TABLE A— 2—l : Four Estimated Conditional Moments of ‘1 , Together with the
Coef f i c ients  d~ and 812 . and Pearson ’ s cr i ter ion ~ (Continued)

DECREE 3 CASE: Item 1 
*Sub- Conditional Moments

ject Q Mean Var . 3rd 4th IC Typ s

(Failure)
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“ 7  1.1* 100 0. 1 ( 5 4 0  0 .04 0*6  0.300* ) 0 . 0 04 9 *  0 .005,  2.3,16 — 9 . 0 2 6  1
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(Success)

- , 4 1 199 ‘ 0, 9 1’ . .’  0 , 4 4*4 7  -0.1.04.)? 0,08305 0 , 1* 4  ( .00* -0 .406 I
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TABLE A—2—i : Four Estim ated Conditio nal M*,ments of 11 
• Together with the

Coefficients and 
~? 

and Peerison ’s ctjt~ rt on ~ (Continued)
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TABLE I \ - 2—1:  F7sur Est inated Condl t l,1:13 1 Moments ol ~ I Together with the
Coef tico,onts ‘md 3., . md Pearson ’s criterion (Continued)
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TABLE A-2~ 1: Four Esitima red Condit ! ~~~~~ Moments of 0 , Together with theCoelfjcj,’nts 3
~ 

and 1 , , and Pearson ’s criter ion ,‘ (Continued)
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TABLE A—2.-1 : Four Estimated Conditional Moments of B Together with theCoe f f icien ts B
i and 82 and Pearson a criterion IC ( Co n tt h ue d )

DECREE 5 CASE: Item 10
Sub- Conditional Moments

• Ject ~ Mean Var. 3rd 4th 8t K Type
(Failure>
.1’.’ • 0 ,A - l - I I 5  ./ ,1.969 7 0.0211) — 0 . 0 0 * 1 ?  0 .00 ) 00  0,631 1,510 0 . lS I  I
IS .1 3 1 0 1 1  ‘0 ,40469 5, 0 ) 4 1 4  ‘0,50201 0 .0 0) 3 ?  0.004 2 ,339 — 0 ,0 96
I?  ‘l.s,’”O ‘.‘. 11260 0 3311)9 — 0 . 0 0 5 ) 2  - 6.004)0 ,_ , ., 0.020 ,, , , Z . 0 2 3  —0 .0)7
10 ‘2 ,1100 ‘,‘,“.315  0 .04129  —0 .00069 0 ,00497 0.001 2,916 —5. 0 07  1
I’ -3 . 1000 ‘1, 161. 4 1  0.134290 — 0.000 4 ’, 0.00 54*  0 ,003 2 .900 — 0 . 0 2 0  2
07 -— -2 ,10 00  ‘0 , 17154  - — 0 . 0 4 9 1 )  ,,,, , ,_ — 0. 0 0031 0.00950 __0.00I , -‘ 

_,_ 2 .97 3  - , - ~~~~~~ ,
II — 7 ,0109 .1.1 4 7 1 1 4  4.,14)0l —0 ,00020 0 .00* 70  0.001 2, 905 ‘0.01) 0
1) — 1 . 9000 ‘1 .06176  0 .044)1  —0 .000 17 0 .00991 0.000 2.909 — 0 .011  6
23 ,,,-I.0000 ‘1.79593 - 0 ,34463 ,,_ _ ,0.C00I) - — _0.00996 ..,_0.000_,_Z.992 ___ —O.004, — $
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,‘6 ,_ , I. S0I)0 — 1. 49)00 0.04529 ,,,,,_ ,,,,rO.0000 ? — 0.50414 
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‘ 7  — 1 , 4210 ‘l,)9”61 0 . 0 4 3 1 0  —0 .00006 0 . 0 0 6 3 6  0,000 2.990 .0.006 0
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0
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