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RESEARCH ON THE MULTIPLE-CHOICE TEST ITEM IN JAPAN:

TOWARD THE VALIDATION OF MATHEMATICAL MODELS

ABSTRACT

This monograph reports research, related to the multiple-choice test
item, which is conducted by psychometricians and educational technologists
in Japan. Sato's number of hypothetical equivalent altermatives is
introduced. The author proposes a new index, k*, which can be used, among
other things, for invalidating three-parameter models for the multiple-
choice item. Shiba's research on the measurement of vocabulary, which is
based upon latent trait theory, includes an eventual tailored test omn
vocabulary, utilizing information obtained from distractors as well as
correct answers. With this research in mind, the author has developed
basic ideas about a new family Oéhmodels for the multiple-choice item.
These are based upont both the information given by distractors, and the

correct answer and the noise resulting from random guessing.




PREFACE

In the symmer of 1979, I spent a few weeks in Tokyo under the
sponsorship of the Office of Naval Research (ONR). This monograph is
based on conferences with researchers in Japan, in the areas of psycho~
metrics, educational measurement, and educational technologies, and on
research materials and technical literature collected during this trip.
I thank Dr. Rudolph J. Marcus, Scientific Director, Miss Eunice Mohri,
and other ONR/Tokyo staff members for providing me with office space
and services, taking me to JICST, and helping me in many other ways.

I was invited to one of the bimonthly meetings of the Educational
Technology Group of the Institute of Electronics and Communication
Engineers in Japan, which was held at the Central Research Laboratories
of Nippon Electric Co., Ltd., on 23 July, 1972, and had an opportunity
to talk with the researchers who came to the meeting from many different
distficts of Japan. The author is thankful to Dr. Takahire Sato, the
representative of the Group, and other members for their kind cooperation
in collecting research materials and literature.

It was also a pleasure to have several conferences with Dr.
Sukefori Shiba, Professor of Education at the University of Tokyo and an
old friend of mine, during my stay in Tokyo, and to get to know a large
scale research project on the measurement of vocabulary conducted by him
and his students. The author is thankful to him and his students for

making copies of their research materials and sending them to Knoxville,

Tennessee, after I returned.
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PREFAGE (continued)

Because of the shortage of time, the author could not see all
the people she had wanted to; among them are Professor Takeuchi of the
University of Tokyo and Dr. Akaike of the Institute 2f Mathematical
Statistics, who happened to be out of town during her stay inm Tokyo.

The stimulation ¢«f these conversations, and of the research
materials and literature obtained in Tokyo, started new trains of
thought in the author's mind. Some of these concern the multiple-
choice item, which is the subject of this monograph. Others require
yet more work and further communication with Japanese colleagues. In
particular, the author feels it is worth trying to reanalyze the yocab-
ulary test data collected by Shiba and others, using theory and methods
which the author has developed and is going to develop.

The author is thankful to the Qffice of Naval Research for this
opportunity of visiting Tokyo, and hopes that the present report will

contribute to the development of mental test theory and science in

general.

Fumiko Samejima
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I Introduction

There will not be any doubt in the mind of psychometricians
that good mental test items are informative items, which make a
great deal of contribution to the estimation of the examinee's
ability, and, therefore, uncover the individual differences among
the examipees accurateiy. In the history of mental test theory,
the multiple-choice item arrived later than the free-response
item, out of the necessity of administering group tests and of
scoring their results speedily and objectively, in the sense that
there is no need for our subjective judgment and evaluation in
scoring. Today, an enormous number of multiple-choice tests
are administered to youngsters, and their results have been used
in many impsrtant decision-making situations, such as guidance,
selection, classification, and so on. To construct good multiple-
choice tesr items and to develop good mental test theory which
deals with the multiple-choice item are, therefore, most important.

Since the multiple-choice item was introduced as a substitute
for the free-response item, it has been treated by mental test
theorists as something which is useful from che practical point of
view, but not quite as good as the free-response item. The three-
parameter logistic, or normal ogive, model, which is widely used
by psychologists and educational psychologists for the multiple-
choice item today, is nothing but 2 "blurred" image of the logistie,
or normal ogive, model for the free-response item. In other words,
there is nothing meaningful which is added to the original logistiec,

or normal ogive, model, byt there are additional noises caused

1i




by random guessing in the three-parameter logistic, Or pormal
ogive model.

We must stop and think, however, if the three-parameter
logistic, or normal ogive, model really fits psychological reality,
and if the multiple-choice test item cannot be more than a *blurred"
image of the free-response item. The author's answer to the first
question is negativz, to the second positive. 1It 1is clear in the
autyor's mind that we need a better mode] than the three-~parameter
logistic, or normal ogive, model for the multiple-choice item, and
that the multiple-choice item can provide us with a larger amount
of information which results in a more accurate ability estimation,
if we make use of the information given by irs distractors, which
the free-response item does not have.

It was interesting to discover that, while very few researchers
in the United States have ever questioned the appropriateness oflthe
three~parameter logistic, or normal ogive, model for the multiple-
choice item, and have tried to validade it for theilr research data,
the author’'s perception is shared by some Japanese researchers.

Some 0f these are members of a nation—wide research group called
the Educational Technology Group of the Institute of Electronics
and Communication Engineerse in Japan. Most of the members of the
group are engineers in computer science, and some of them are
educational psychologists. Tatsuoka has reported their names

and research activities (Tatsuoka, 1979), which are represented

by such topics as the S-P table (Student-Problem tablel,

12
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the number of hypothetical, equivalent alternatives*, Interpretive
structural modeling based on graph theory, and so forth. Some of
their papers, which the author has had the opportunity of reading,

are listed in Appendix IITI., Their standpoint concerming the multiple-
choice item is based on information theory (e.g., Goldman, 1953),
considering that an item is a good one if its expected uncertainty

in the selection of an alternative is high. As the measure of

the quality of an item, the number of hypothetical, equivalent
alternatives (Sato, 1977) is used, which will be introduced in
Chapter 2. One impressive feature of the activities of this group
of researchers is that they do nct use computers mechanically,

as many other researchers do, but they give teachers the feedback
information about the test items comstantly, and then they obtain

the teachers' feedback based on the content analysis of the items

in question, and so on. Another group is Shiba and his students of
the School of Education, University of Tokye. They have spent the
past several years for developing vocabulary tests, wyhich are

aimed at measuring vocabulary of subjects of a wide range of age,
collecting data, constructing an integrated vecabulary scale

(Shiba, 1978}, and then constructing a tailored test out of these
vocabulary test items, using the information given by the distractors,
as well as the correct answers, for branching examinees (Shiba,
Noguchi and Haebara, 1978). The theory and method used for analyzing
their data are basically the same as those adepted in the research

in which the author was involved (Indow and Samejima, 1962, 1966) -

, *Tatusoka translated the original word as the effective (or equivalent)
El{[c‘ number of options, but the author uses this translation.

1

.
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The cutline of the work accomplished by Shiba and others will be

given in Chapter 6.

With the research conducted by these people as incentives,
the author has integrated her own ideas about mathematical models
and the multiple-choice item. It resulted in proposing a method of
validating, or invalidating, the three~parameter logistic, or normal
ogive, model and the knowledge or random guessing principle, and
eventually proposing a new family of models for the multiple-choice
item, in which the information given by the distractors is fully

utilized.




II Sate's Number of Hypothetical, Equivalent Alternatives

Let g (=1,2,...,0) be a multiple-choice test item, In the
present paper, however, this symbol g is omitted, whenever it is
clear that we deal with only one item, lLet 1 (=1,2,...,m) be
an alternative, or an option, of the multiple-choice item g , and

pi be the probability with which the examinee Selects the alternative
i, The entropy H 1is defined as the expectation of -1og:2pi
such that

m
(2.1) H=~1
i=1

p; log,p,;
for the set of m alternatives of item g . It is obvious from
(2.1) that the entropy H is non-negative, and, if one of the m

alternatives is the sure event with umity ag its probability, then

H=0. Sato's number of hypothetical, equivalent alternatives

k , is defined by

(2.2) k=20,

and is used as an index of the effectiveness of the set of m

alternatives for item g in the context of information theory,
Since the éntropy H indicates the expected uncertainty of the
set of m events, or alternatives, the set of alternatives is more
informative for a greater value of k .

When the probability Py iz replaced by the frequency ratio,

Pi , We can write for the estimate of the entropy such that

. A n
(2 . 3) H. = - E P = 108 P ')
j=1 & 274




and for the estimate of k we have
(2.4) % = 2

We notice that we can obtain the number of hypothetical,

equivalent alternmatives Lk without using the entropy, for we have

In
-Zp, log,p
=1 1 273 m -p, m o p, _
(2.5) L = Tp "= [Tp, it
i=1 i=1

The quantity in the brackets of the last expression of (2.5) is

a kind of weighted geometric mean of Py - Equation (2.5) alse
implies that we can use any base for log P; » instead of 2 .
For convenience, hereafter we shall use e as the base o§ log Py o
anpd use H* instead of H such that

m

* = -

(2.86) H L Py logepi >0 ,

i=1

which equals zero when one of the alternatives is the sure event, and

2.7) ke=el 5,

and simply write log Py instead of logepi .
To find out the value of p; which maximizes H* , and hence

k , we define Q such that

In In
(2.8) Q=-1I p; log p, + Al L pi-ll ,
i=1 i=1 *

where } 1s Lagrange's multiplier, Thus the partial derivative of

Q with respect to P; is given by

3
(2.9 ag = -[log py + (I/pi)pi] + A = =log p; + A -1) .
1

1.
- )
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Setting this derivative equal to zero, we obtain
(2.10) log P, = A-1,
which is a constant regardless of the value of i . Since we have

n
(2.11) Lp =1,
i=1

we obtain
(2.12) Ei = 1/m .

Thus it is clear that H* , and hence k , is maximal when all the

m alternatives are equally probable, and we can write
(2.13) max (HX) = log m
and

(2.14) pax (k) =m .

Since in the present situation the m events are alternatives,
the values of H* and % are affected by the difficulty level of
item g . Let R be the correct answer to item g , which is given
as one of its alternatives, and Pp be the probability with which
the examinee selects the correct answer R . Figure 2-1 Presents
the relationship between the probability P and the number of
hypothetical, equivalent alternatives k - In this figure, the
area marked by slanted lines indicates the set of k's which are
less than max (k|pR) and greater than max[lpr. min (k[PR)I, and

are considered to be reasonable wvalues of % by Sato and others,
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In practice, Figure 2-1 is used by replacing the probability
Pr by the proportion correct, PR » and the number ¢of hypothetical,
equivalent alternatives, k , by its estimate k - It is well-knowm
that the frequency ratio is both the least squares solution and the
maximum likelihood estimator of the corresponding probability,
It is interesting to note that, in addition, it is the estimator

which minimizes the chi-square statistic, Let us define Q such

that
m m ,
(2.15) Q= I {(vp, - Npif?(Npi)] +A Tp, - 1]
i=1 i=1
where N is the number of examinees and A 1s Lagrange's multiplier,

Then we have

R 2 _ p2y/p2 =
(2.16) 3, N{(p] Pi)fpi] + X 0,

and

(2.17) B, = [1+ o/ 172 P, .

Since
m m -
(2.18) 1= Top = ([1+ amrT M se = 1+ Y2
i=1 1=1
we obtain
(2.19) A=0,

and from this and (2.17) we can write

(2.20) 31 =P .
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The translation, "“the number of hypothetical, equivalent
alternatives,"” indicates the number of alternatives in the
hypothetical situation where the entropy H is provided by the
alternatives which are equivalent in the uncertainty of occurence.
Although it is not the direct translation of the origimal word,

it is used for k d1in rhe present paper, for it seems to the author

to be the best describing word of the original.

o
Tl
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IIT Information Given by Distractors in the Mulriple—Choice Item
and Random Guessing

Sato's number of hypothetical, equivalent alternatives has
been uged mainly by the members of the Technical Group of Educational
Technologists in Japan (cf. Tatsuoka, 1979) for the purpose of
analyzing the effectiveness of alternatives in relation with

a relatively small group of examinees. The basic idea behiad

this index is that the expected uncertainty of the m events, or
alternatives, he large, and, therefore, the number of hypothetical,

equivalent alternatives be close to m . We notice that:

(1) this concept ig strongly population~oriented, unlike those

concepts in latent trait theory,

(2) it is assumed that each examinee tries to answer the item

seriously, without depending upon random guessing,

and,

(3) relative to the population of examinees, the existence of
too attractive a2 distractor is not desirable, since it

tends to reduce the value of k .

Thus as long as this index is used for the analysis of test items
which are given with careful guidance and supervision to samples
of examinees from a well-defined population, and the findings of
the analysis are not generalized across populations, it will serve
its purpose.

If we gemeralize this concept and the resultant findings

beyond these restrictions, however, we may be led to completely

ERIC 21
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=12- TKR III-2

false conclusions. To give an eXtreme example, suppose that pone
of our examinees took the test seriously, and selected one of the
alternatives at random, for each item of the test. In such a case,
regardless of the difficulty level of the item, the pumber of
hypothetical, equivalent alternatives, k , will be very close to

m for every item! In spite of this superficial success, we have
obtained no information about the individual examinees' ability
levels as the result of testing.

It is also noted that, if the examinee’s behavior follows
the knowledge or random guessing principle, i.e., he will answer
correctly if he knows the answer, or guess randomly otherwise, the
value of k tends to be large. In this case, too, OUr Success
of obtaining a large k dis only superficial apnd meaningless.

In addition to the above facts, it is obvious that the value
of the number of hypothetical, equivalent alternatives varies for
different Populations, i.e., the same item may have a value of

k which is very close to¢ m for one population ¢f examinees,

and may have a very low value for another population. This may~

be due to the difference in the mean ability levels of the two
populations, or to the different forms of two ability distributions,
or both. Thus while the index may be useful for a fixed population
of examinees and If we discuss "how good an item is" in relatiom to
that specific population, it cannot be considered as a parameter

of the item per se. This limitation of the usefulness Of- k

is of the same kind that is applicable for the reliability coefficient

of the test, i.e., in spite of wost psychologists’ belief that

Q 22;&
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the reliability coefficient is one of the most important and solid
properties of the test itself, it heavily depends upon the specific
population of examinees for which the test is administered, and,

therefore, is a dead concept since the population-free test information

wfic

function is sufficient to servée the purpose (Samejima, 1977a).

As a whole, there is no single answer to the question: "Are
items which have high values of the number of hypothetical, equivalent
alternatives good items?" even if we control the testing situation
with respect to the purpose of testing, such as guidance, selectionm,
etc, This is true even 1f we restrict the populations of examinees,
and it is mainly because of the noise induced by random guessing.
That is to say, in a general situation of testing, it is hard for
us to determine whether we have accomplished the work by obtaining
a high value of k . In fact, the largest possible value of k
may imply no accomplishment at all, as we have seen in one of the
preceding paragraphs of the present chapter!

In spite of the above limitations, however, the introduction
of the number of hypothetical, equivalent alternatives and its use
by Sato and other researchers of the Technical Group ¢f Educational
Technologists should be well credited, for their vision is

oriented toward the full use of the information given by all the

alternatives of the multiple-choice item. It seems that they

are quite successful in using the index in the small group situatiom,
such as school classeg where instructions are well conveyed and

random guessing is eXxtremely discouraged. This orientation is in
quite a contrast to the attitude of many researchers who are accustomed

ERIC 2,
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=14 TKR III-4

to the blind use of the three-parameter logistic model For the

multiple-choice item, without ever stopping to think if the model

can be validated for their data.
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IV Three-Parameter Models in Latent Trait Theory and the Role
of Item Distractors

Let 6 be ability, or latent trait, that we intend to measure
with our.test. The three-parameter logistic model, or normal ogive
model, is based upon the knowledge or random guessing principle, i.e.,
the examinee either knows the answer or guesses randomly. Let wg(e)
be the item characteristic function of item g , which is the
conditional probability with which the examinee answers item g
correctly, given 9, in the free-response situationm. This is given
by
6.0 ¥ (O = (am /2 ]ag(e-bg) U2 gy

-

in the normal ogive model, and

-1
5.2 ¥ () = [1+ {-pa_(8-b )}
(4.2) g( ) =1 exp g( g ]

in the logistic model, yhere as is the item discrimination parameter
and bg is the item difficulty parameter (Lord and Novick, 1968,
Chapter 16), and D in (4.2) is the scaling factor which assumes
1.7 (Birnbaum, 1968) when the logistic model is used as a substitute
for the normal ogive model.

The item characteristic function, Pg(e) , for the multiple-
choice item in the three-parameter normal ogive, or logistic, model

is defined by
- _ - 1-¢ 1¥ (8) ,
(4.3) PS(B) wg(e) + [1 wg(e)]cs < + [ cg} g( )

where wg(e) is given by (4.1) or (4.2) and ¢_ is a constant which

g

Yy -
25
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is called the guessing parameter, and equals lfmg ,» 0F 1l/m .

It should be noted that, following these models, there is
noe information given by the altermatives other rhan the correct
answer, for all the respounses to the wrong answers are the result
of random guessing. Should one of these models be valid for the
item in question, the multiple-choice item would be nothing but
a poor image of the binary, free-response item, which is contaminated
by the noise caused by random guessing.

Let J be an individual examinee, and uy be the binary
item score for the multiple-choice item g - The conditional
expectation and variance of the binary item score u , given 6 ,

¢an be wyricten as

(4.4) E{ulf) = Pg(e) = ¢+ (l-c)Tg(B) = (1/m)[1 + (m-l)Yg(G)],
where ¢ 4s the simplification of cg , and

(4.5) Var.(u{@) = {Cm-l)fmzl[1-?3(8)][1+(mr1)Tg(8)] .

Let uij be the binary alternative score for the alternative 4
obtained by the individual j , for the multiple-choice item g .

Thus wWe can write

(4.6) Upy = Uy -

The conditicnal eXpectation and variance of the binary alternative

score u, (i#R) , given O , are given by

(4.7 E(uile) = cfl-wg(e)] = (1fm)[1-?g(8)]
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and

(4.8) Var.(uile) = (1/m2)[1—?3(9)][(::;—1)#8(9)] .

Let X be either u or u, , or any other discrete randem variable,
and p{A) and p(AlB) dencte the marginal and conditional probability
functions of X , respectively. Then the relationships among the

conditional and unconditional expectations and variances are given

by

(4.9 E(A) = £ Ap(A) = ZA f_: p(A|8)£(B)d0 = f_: T\ prle)£(e)de
= f_: E(A|8)£(8)de = E[E(A]D))

and x

(4.10)  Var.()) = S[A-E())%p(0) = T-EM)]? f_: p(A|0)£(8)d0
- )'_: LIA-E(A|8) 12p(A|B)£(B) db
+ [ 2 EOo=0 1220 0)E () a8
= E[Var.(A|8)] + E[E(A|®)-E(X))2.

In particular, we can write
(4.11)  E(u) = E[E(u{®)] = f_m B, (8)£(6)d6 = pp
and

(4.12) var.(u) = E[Var.(ule)] + E[E(u|9)—E(u)]2

® - ® [P (8)~p.1%£(0)d0
f_m P (8){1-_(8)1£(8)d0 + f_m [P, (8)-pp12£(0)d

Lad 2 = -
pg ~ Pp = ppll-pp)
for the binary item score u , and, for the alternative score us s

2/
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(4.13) () = E[E(u{0)]) = /w f_: [1-¥ (8)}2(8)de

{1/(m-1)] f_: [l-Pg(B)]f(B)dB = [1f(m-1)}(1-pR)

and

(4.14) Var.(u)) = E[Var.(uilﬁ)] + E[E(ui|6)-E(ui)]z

(1/2%) f_: [1-¥_(8) 1 [(a-1)+¥ (®) 1£(8)ae
+ @md) [T (v () }np, 12660 ds
(1/m) (“’ [1-¥_(8) 1£(8)do

-0

- 2p, (1/m) (_: [1-¥_(8))£(8)d6 + p]

pi (l‘Pi)

We notice that E(u) given in (4.11) is the item difficulty parameter
in classical test theory, which depends upon the specific population
of examinees as well as the test item.

It should be noted that both the expectation and the variance
of uy for 1i#R , which are given by (4.13) and (4.14), respectively,
are equal for all the wrong answers, and are determined, solely, by

P and the number of the alternatives, m . This is the logical
consequence of the fact that the responses to those wrong answers
are completely the result of random guessing, and provide us with
no information about the examinees' ability levels.

We must remember, however, that most of the conscientious

test constructors try to avoid the contamination of the quality of

items, by finding incorrect, but plausible, answers and including

them as distractors in the set of alternatives. This indicates

28




that the responses to these alternatives are not the regult of random
guessing, and may contain useful information about the examinee's
ability level. The adoption of gne of the three-parameter models
for such multiple-choice items is not Justifiable, since in so doing
the researchers distort psychological reality and will produce
nothing but meaningless artifacts as the result of their research.

It is strange to the author that many researchers have ignored
the contradiction which was described in the preceding paragraphs,
and have applied the three-parameter models to their data for years,
which, obviously, are based on the tests containing many distractors.
As far as they continue repeating this mistake, their conscientiousness

as researchers has to be questioned.




¥V Iundex k* for Invalidating Three—-Parameter Models

It has been pointed out in Chapter 3 that Sato's number of
hypothetical, equivalent alternatives takes on a high value, if
every examinee in the group has selected one of the m alternatives
at random, This fact implies that, although the index was introduced
for quite an cpposite purpose, it may also be useful in detecting
the examinee’s random guessing behavior in the multiple-choice
item.

To materialize the above, we need the following considerationm.
When the examinee follows the knowledge or random guessing principle
and the item characteristic function assumes the three-parameter
logistic, or normal ogive, model, the index k is solely affected
by the probability with which the examinee knows the answer, as is
obvious from Figure 2-1 and (4.3) and (4.11). This fact provides
some inconvenience, however, for the probability of knowing the
answer heavily depends upon the specific population of examinees, in
addition to the item characteristic function of the item in the

l‘?Eree-'resl:aa:.“.'1se situation. it will be more convenient, therefore,

if we can modify Sate's index k 1in such 2 way that it is unaffected
by the ability distribution of a specific population of examinees,
and can be considered as a pure property of the item, With this

aim in mind, we shall introduce 2 new index in this chapter,

Let A be the event that the examinee does not know the
answer to item g , and consider the probability space which
consists of such a subpopulation of examinees. The conditional

probability, p(ilz) » with which the examinee selects the alternative
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i1 of item g in this conditional probabiliry space is given by

=p,lZp + pﬁ]’l "i¥R
- i¥R .
(5.1) p(i|a)
: -1
=px{ L p, + p2] ", i=R

where pa denotes the probability with which the examinee guesses
correctly for item g - The new index, k* , is defined in terms

of these conditional probabilities, in such a2 way that

m m -—
(5.2) Kt = expl~ L p(i|B)-1og p(iD)] = [ 1 pi| PR
i=] i=1l

It is obvious that p(i]ﬁ) for i#R is proportional to P; > for
every examinee in the population who has selected one of the wrong
answers does not know the answer, and, consequently, he is also

in the subpopulation A . On the other hand, examinees who have
selected the correct answer R are not necessarily im the

subpopulation A s 50 we can write

(5.3) PR € pg -

Note that, if the examinee's behavior follows the knowledge or random
guessing principle and the item characteristic function ¢f the
multiple—choice item g is of one of the three-parameter models,
pﬁ equals Py for i¥R , and, as the result, all the mn p(i[ﬁ)'s
are equal and k* = m .
In practice, we need to use some estimates for p(i|§)'s ,
to obtain the estinate of k* . Since we have the frequency ratio,

P, , for the estimate of p, for i#R , all we need ro do is to
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find out an appropriate estimate of pﬁ . Let PE denote such

an estimate of pﬁ , and PI be such that

- P 1#R
(5.4) p* i
= P4 i=R .

Then we can write for the estimate of p(ilA) such that

- n oo
(5.5) p(i[a) = P#[ I P3] © .
i=1

We are to take the strategy of finding PE vwhich makes k* maximal.

Define H* such that

m
(5.6)  H* = log k* = - L p(i|Z)*1log p(1|B)

i=1
m -1 m m m

= - ZP* [ L P¥olog P¥ - (I P#)log {t P;}] .
s=1 i=1 is] s=1

Then the partial derivative of H* with respect to P can be

written as

a nm 2 m m
I P*]7°[ I P*+log P* - ( I P*)+log P%]
=1 % a1l 1 g ® R

(5.7 P = |
arg

and, setting this equal to zero, we obtain

1™ orp

(5.8) log P = [ L P *slog P
R g & ggr 1t 1
and then
Pl I 1>s]"1
(5.9) PE = J] Pi s¥#R

i#R

Thus we can use (5.9) in (5.4), and, therefore, obtain ﬁ(i|ﬁ)
< i
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through (5.5). The estimate of the new index, k* , is given by
o m A o T

(5.10) &% = expl- T p(1|B)log pG1|D)] = [ 1 pa|DFEINT
i=l i=1

A necessary, though not sufficient, condition for one of the three—
parameter models to be wvalid is that k* should be equal to m
within sampling fluctuations, regardless of the population of
examinees from which our sample happened to be selected. 1f this is
not the case, we must say that the three-parameter model does not
fit our item, i.e., the invalidation of the model.

Although the invalidation of the three-parameter logistie,
or pnormal ogive, model is easy, its validation is more difficult.
We recall that Sato's number of hypothetical, equivalent alternatives
is used as a measure of the desirability of the item for a specific
population of examinees, If all the distractors are equally probable
for a specific population, then the index k* will also equal m ,
in spite of the fact that the two cases are completely different
in nature. This problem can be solved by administering the same
test to a different group of examinees, yhich has a different
ability distribution from that of the first group. If the large
value of k* is due to the knowledge or random guessing principle,
then it will also be large for the second group of examinees Pecause
of its population-free nature. On the other hand, if the large
value of k* 1s resulted from the optimal quality of the item for
the first group of examinees, then it will not be as large as that
for the second group, unless the operating characteristics of all

the distractors are identical.

3o




It should be emphasized that k* takes om a large value even

if the knowledge or random guessing principle does not work behind

~ the examinee's behavior, but the item is "suitable" for the group

of examinees to which the test has been administered, in the same

" sense that a high value of Sato's number of hypothetical, equivalent

alternatives is meant to indicate. This fact means that, when we
need to use only one set of data for validating, or invalidating,
the knowledge or random guessing principle and the three-~parameter
logistic, or normal ogive, model, we must use, at least, one more
necessary condition for the principle to be valid. One such
necessary condition is that the sample means of ability 8 , or

of its estimate, of the subgroups of examinees who have selected
the wrong answers should be equal, within the range of sampling
fluctuations. Thus, if either the value of k* is substantially
less than m , or the sample means of ability 8 of such subgroups
of examinees are not close to each other, then we shall be able

to say that the knowledge or random guessing principle and the
three-parameter model are invalidated. On the other hamnd, if both
of the necessary conditions are satisfied with our data, we can say

there is no reason to reject the principle and the model.

For the purpose of illustration, a set of gimulated data was
calibrated, using the Monte Carlo method. In this set of data,
five hypothetical multiple-choice test itewms were assumed, zach
having five alternatives, A, B, C, D and E, with A always as the
correct answer. Each item is assumed to follow the three-parameter

normal ogive model, which is given by (4.1) and (4.3), with the

parameter values shown in Table 5-1. A group of five hundred
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TABLE 5-1

Item Discrimination Parameter ag and
Item Difficulty Parameter bs of Each

of the Five Hypothetical, Binary Items
Following the Three-Parameter Normal
Ogive Model, with cg = 0,2 .

item ag bg
1 1.00 0.00
2 1.50 0.00
3 2,00 0.00
4 2,50 0.00
5 3.50 0.00
9
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hypothetical examinees was assumed, whose ability levels are placed
at one hundred equally spaced points on the ability continuum,
which start with -2.475 and end with 2.475, in such a way that
subjects 1 through 5 are placed at © = -2,475 , subjects 6 through
10 are at 9 = -2,425 , and so on. For each of the five hypothetical
multiple-choice items, the response of each of the five hundred
hypothetical examinees was calibrated according to the specified
item characteristic fynetion and the knowledge or random guessing
principle. These calibrated responses are presented as Table A-1
in Appendix I.

Table 5-2 presents the frequency ratio, Pi s of each of
the five altermatives, for each of the five hypothetical multiple-
choice items. We can see that sampling fluctuations are fairly
large for item 4, and to a less degree for item 2, since the
corresponding probability, Py o is 0.6 for the altermative A and
-0.1 for each of the alternatives B, C, D and E. In the same table,
also presented are the values of Pi » which were obtained through
(5.9). Using these values in (5.6), (5.9) and (5.10), the estimates
of the entropy H* and the index k* were obtained, and are
g?éseuted in Table 5-3. Since the maximal possible value of fi*
is approximately 1.60944 (=log m) and that of k* ig 5 (=m), we
can say that these results are sufficiently close to their respective
maximal values, i.e., an exemplification of the satisfaction of one
of the necessary conditions for validating the three-parameter

normal ogive model and the knowledge or random guessing principle

by our simulated data. The fact that these results are less
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TABLE 5-2

Frequency Ratio of the Subject, Pi » Who Selected

Each of the Five Alternatives, and the Modified
Frequency Ratio PE for the Correct Answer A,

for Each of the Five Hypothetical Items.

Alternative
— A B c D E
p, | -608 | .086 |.106 | .100 | .100
1 Py | -098
) P, |-618 |.102 | .080 | .106 | .09
Py | .096
; P, | -600 |.094 | .106 | .108 | .092
P | .100
B, | .606 |.204 | .078 |.130 | .082
“ 1o |20
P, |.598 |.092 |.100 }.104 | .106
>l p |




TABLE 5-3

Entropy, fi*, and the Number of Hypothetical,
Equivalent Alternatives,
the Five Hypothetical Items Following the

Three-Parameter Normal Ogive Model.

k* , for Each of

‘Item fix fx
1l 1.60714 4.98853
2 1.60501 4.97789
3 1.60744 4.99000
4 1.59224 4.91475
3 1.60829 4.99424
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satisfactory for item 4 and the same is true, to a lesser degree,
for item 2 must be due to the sampling fluctuacions, which were
observed in Table 5-2.

As another necessary condition for validating the three;
parameter normal ogive model and the knowledge or random guessing
principle, the mean of & for each of the five subgroups of
examinees, who selected different alternatives, was computed, for
each of the five multiple-choice items. Table 5-4 presents the
result of these means of 0 . In the same table, also presented
is the expectation of 6 for each of the five subgroups, using
the uniform ability distribution for the interval, [=2.5, 2.5],
for each item, following the three-parameter normal ogive model
and the knowledge or random guessing principle. Since all the
responses to one of the four wrong answers of each item are nothing
but the result of random guessing, these alternatives are equivalent,
and have the same mean value of 8 . We can see that, for each
item, the mean of 6 for the correct answer and that of each
incorrect answer are substantially different, and they are close
encugh to the respective theoretical means.

In practice, there is no way to observe the examinee's 8
itself. We can use its maximum likelihood estimate, & , however,
and use it as the substitute in the above process, for example.

We must obtain a similar result as above, to validate the three-

parameter models and the knowledge or random guessing principle,

We motice that a similar result as the Oone in our example

3
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TABLE 5-4&4

Sample Mean of € for the Subgroup of Hypothetical Examinees Who
Selected Each of the Five Altermatives, and 1ts Corresponding
Theoretical Mean, for Each of the Five Multiple-Choice Items.

Alternative A B C D E
(Correct) (Incorrect)
Itedm E(8) ] 3 E(8)
1 0.703 ] 0.619 | -0.912 -1.017 -0,994 -0.905]|-1.054
2 0.774 | 0.752 | =1.341 -1.084 -1.249 -1.161|-1.161
3 0.800 | 0.811 | -1.165 -1.233 =1.224 -1.237]-1.200
4 0.812 {0.809 { -1.230 -1,119 -1.253 -1.369}-1,218
5 0.822 | 0.809 [ -1.061 -1.193 -1.260 -1,282(-1.234
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can be obtained, if, incidentally, all the distractors require

"on the average” approximately the same level of ability for the
examinee to be attracted to them, for our group of examinees.

This fact indicates that it is desirable to add more necessary
conditions to examine, such as the approximate equality of the |
second moment of 9 , or ] » that of the third moment, ete.,

for the subgroups of examinees who have selected the wrong answers.
Since these subgroups of examinees are "equivalent" in ability
distribution if the knowledge or random guessing principle and

the three-parameter model are valid, these higher moments should
be equal within sampling fluctuations, which it is highly unlikely
that all the subgroups of examinees who have been attracted to
separate distractors are equivalent in ability distribution. We
must avoid, however, using moments of too high degrees, for their

sampling fluctuations tend to be enormously great.
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VI shiba's Research on the Measurement of Vocabulary

In this chapter, we shall iptroduce & research on the
measurement of vocabulary, which was conducted by Shiba and others.

The author found it interesting, especially in the following aspects.

(1) The vocabulary tests they used are very well constructed,

chocsing each alternative carefully.
(2) Subjects were selected from many different age groups.

(3) Unlike many researchers in the United States, they have

tried to make a full use of the distractors.

The battery of tests used for the construction of the
vocabulary scale consists of eleven tests, Al, A2, A3, A4, A5, A6,
Jl, J2, S1, S2 and U} . Each test contains thirty tg fifty-eight
multiple~choice items, each having a set of five alternatives.
These tests differ in difficulty, and each of them is designed for a
different group of ages, ranging fron six years of age to the ages of
college students. There are subsets of items included in two tests,
which are adjacent to each other in difficulty. For exanmple,
items 37 through 56 of Test J1 are also items 1 through 20 of Test
J2. The number of examinees used for the vocabulary scale
construction varies between 412 sixth graders of elementary scheols
for Test A5 and 924 second graders of senior high schools for Test
Si. (¢cf. Shiba, 1978.)

The wmodel adopted for the item characteristic function of

each vocabulary item is the logistic model, such that

-1
(6.1) Pg(ﬁ) = [1 + exp{-Dag(B-bg)}] s

4<




13- TKR VI-2

where ag and bg are the item discrimination 2nd difficulty
parameters, respectively, and D = 1.7 . Note that Shiba did not
use the three-~parameter logistic model, which is characterized by
(4.2) and (4.3). This is based on his belief that three-parameter
moﬁels are not applicable for well-developed multiple-choice items,
which he has formed through his many experiences in test construction
and research.

Each of the eleven tests was administered to a group of subjects
who belong to a single school year, except for collepe students.
Hereafter, for convenience, we shall use EL for elementary schools,

B JH for junior high schools, SH for senior high schools, and CS for
colleges, and add the school year after each symbol. For instance,
by SH2 we mean a group of subjects who are in the second year of
senier high schools. The correspondence of the subject groups and
the tests administered is summarized as follows:

Al for EL1 (650), 42 for EL2 (650), A3 for EL3 (346),

A4 for EL4 (617), A5 for ELS (599), A6 for EL6 (412),

J1 for JH1 (614), J2 for JH2 (758), S1 for SH1 (924),

S2 for SH2 (75%) and U for CS (740) ,
where the numbers in parentheses indicate respective numbers of
examinees. MNote that JH3 and SH3 are not included in the data
which are the basis of the vocabulary scale construction.

The main Steps for analyzing these data are the following.

[A] For each of the eleven groups of examinees, the ability

distribution is assumed to be the standard normal distribution.

[B] Assuming the normal ogive model, such that

10




(6.2)

{9

(D}

(6.3)

- a_(6-b ) 2

-

where ag and bg are the item discrimination and difficulty
parameters, respectively, and the local independence of the
item variables (Lord and Nevick, 1968, Chapter 16), and also
that the regression of each item variable on ability 8 is
linear, the tetrachoric correlation coefficlent is computed

for each and every pair of items.

The principal factor solution of factor amalysis is applied

for the correlation matrix thus obtained, using the largest
absolute value of the correlation coefficient in each row,

or column, as the communality. This step is also the process
of validating the uni~dimensionality of ability 9 . Figure
6-1 illustrates the resulting set of eigenvalues for Test J1
which was administered to 614 first year junior high school
students. It turned out thatlthe first eigenvalue 1s much
larger than all the other eigenvalues, and thus the uni-
dimensionality was confirmed, Hereafter, this first principal

factor is treated as 6 .

From the result of factor analysis, the item parameters are

obtained. Let pg be the factor loading (e.g., Lawley and

Maxwell, 1971) of the first principal facteor, or ©& , for jtem

g . The item discrimination parameter, ag , 1s obtained by

. _ o\l
2y pg(l pg) . 4&
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FIGURE 6-1

Eigenvalues of the Correlation Matrix of the Fifty-Five Items
of Test J1, Ordered with Respect to Their Magnitudes.




(6.4)

(6.5)

Let %(u) denote the standard normal distribution function,

such that

-0

- u _pl
o(u) = (2m mf e T2 g .

The item difficulty parameter, bg , 1g given by

_1 _1
b = ¢ -
g Qa pgr) Pg

where pgR is the probability with which the examinee answers
item g correctly. In practice, this is replaced by the

frequency ratio, PgR s tO0 provide us with the estimate of

|- J
g

[E] The eleven ability scales thus constructed are considered to

(6.6)

be on the same continuum, and they are integrated into a single
scale. This equating is made through the ten subsets of items,
each of which 1s shared by two adjacent tests. Let ag and
bg be the item parameters estimated from the result of the
first test, and ag and bg be those from the result of the
second test. Denoting the two ability scales by 8 and 8% ,

respectively, we can write
a _(8-b ) = ax(g*~b*} ,
S( 3) 8( 8)

since the item characteristic functions, which follow the
norwal ogive model, of the same item g on the two ability
scales wust assume the same value for the ceorresponding values

of 8 and 6% . Thus the functional Telationship between

16
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€ and 6% 41is given by

(6.7 g% = (ag!a;)e + {b;—(agfag)bg] .

which is linear, and the two coefficients are obtained from
these four parameters. In practice, we obtain as many sets

of coefficients as the number of common items, and we need to
uge some type of '"average" of these coefficients for the scale
transformation. Figure 6-2 presents the ability distributions
¢of the eleven subject groups after such transformations were
made and the mean and the standard deviation of the distribution
of J1 are taken as the origin and the unit for the new,

integrated ability dimensionm.

{F1] The iten characteristic function of each item on the new,
integrated scale 9 1is approximated by the logistic function,

which is given by (6.1).

{61 The maximum likelihood estimate, 8 of ecach examinee's

j’
ability is obtained through the equation
n “ n
(6.8) LaP(8,)= Za u,.
g=1 g8 1 g=1 g gl
(cf. Birnbaum, 1968), where ugj is the binary item score of

individual j for item g .

[H] The test information function of each test is obtained by

n
(6.9)  I(8) = II (),
g=1 8

where Ig(e) is the itenm information function of item g such

4.




-
[
-
vy
=
w
(=1
-
[
-
-
-
(-]
=X
@
o
o
o

- -

0.0
ABILITY §

FIGURE 6-2
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that

= orp 2 _ -1
(6.10) Ig(e) [Pg(e)]{Pg(e){l Pg(e)}] .

Figure 6-3 presents the test information functions thus

obtained for the eleven tasts.

[I] The theoretical frequency distribution of test score T for
each test and examinee group can be written as
l-u

u
(6.11) N £ I P (8) B[1-P (8)] B
VeT u v &

where V dis a response pattern or a vector of n item scores,

and T 1is the test score given by

(6.12) T= £ u

This is used for the validation of the model and assumptions
adopted in the process of analysis. Figure 6~4 illustrates
the goodness of f£it of this theoretical frequency distribution
of test score to the actual frequency distribution, for Test

J1.

[J) The sample mean of the maximum likelihood estimate & of the
subgroup of examinees, who selected each of the five alternatives

is calculated, for each item of each test.

[K] A tailored test of the vocabulary is constructed by selecting an
appropriate subset of jtems from these eleven tests, in such
a way that au individual is directed to a nmext item which is

chosen on the basis of the sample mean of € of the alternative

91}
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he has selected for the present item.

We have seen in the preceding paragraphs a brief sketch of
Shita and others' work. It is unfortunate that the author cannot
convey the fine quality of the tests themselves to the reader, for
they are vocabulary tests and their translatiom from Japanese into
English would certainly destroy the nature of the tests. We can
see that the research has been conducted very conscientiously,
however, including several processes of validation, and has eventually
produced a widely applicable vocabulary scale and a tailored test.
In the latter result, although there is some room for improvement,
the use of distractors for "branching"” subjects should be taken
as a stimulation to the researchers who are engaged in thisg area,
for it has seldom been seriously investigated by c¢ther researchers.

The research conducted by Shiba and others includes more
interesting data than were used in the vocabulary scale construction.
Table 6-~1 presents a part of them, in which the frequency
distribution of the alternative selection and the mean of the
maximum likelihood estimate of ability for each alternative are
shown for nineteen jtems included in both Tests J1l and J2, and
administered to four different subject groups, JH1, JH2(a), JH2(b)
and JH3. In the same table, also presented is the discrepancy
between the mean of 8 for the correct apswer and the lowest
mean 06 for one of the four wrong amswers, under the heading,
"largest discrepancy." The correct apswers are always identified
as the ones which have the highest means of 6, except for the ore

Q for item 8 administered to JH2(b)}, which is the second highest

Sy
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TABLE #é-1

Mesn of the Maxiseom Likelihood Estimates of Abiliry, & , for Each of the
five Subgroupe of Subjects Selecting Different Alternatives, for Each of
tha 19 Vocabulary Test ltems, Togecher with tha Actusl Ftequency Distri-
butions (FRQ). The Differance betwesn the Mesn & of the Correct Sub-

groups sud tha Lowest Mesn § Is Also Prasenred As Largest Discrepancy
for Each Irem., Tesc J1, Junior Bigh Schoel Grade 1

Alrarnerive Largest
Item} Indices Total
1 2 3 4 5 Discrepancy
Memn @ 0.401 <0.476 -0.482 -0.750 =0.148
7 e 287 50 59 ny | 372 1.151
Mesa #
» ™Q
Mean @ -0.192 -0.091 =0.270
FRQ 91 115 118
sg | Bes= 8 0.071 =-0.416 -0.336
4 1] 60 14 90
&1 | Yemn § | -0.557 -1.007 =0.445
mo 53 20 23
a2 |Yeso 8 0.339 -0.570 0.036
g 247 2 121
&7 |Mean § ] -0.512 0.376 -0.572
© PG 26 308 98
o | Heso 8 | «0.297 -0.547 -0.595
4:00) 119 67 14
45 | Meso § | -0.638 -0.412 ~-0.63
4:00) 51 25 123
a6 | Hean § 0.446 =0.741 =0.325
FRQ 296 46 ¥
&7 | Mean é§ | -0.261  0.270 -0.078
4 1] 69 224 158
ss | Meam § | -0.129 -0.024 -1.012
4 1] 81 100 58
49 | Mean ] 0,339 <0.390 -0.284
mQ 115 a 42
sg | Mean é 0.349 =0.256 «1.015
RQ 308 48 15
g | Mean 8 «0,137 =0.640 =0.077
b 1] 89 82 75
5z | Memn 8 -0.219 0.291 =-0.110
b 1] 116 215 80
5y | Heso § | -0.071 -0.030 -0.452
4:00) 163 51 %
5 | Yean é 0.132 -0.060 =0.084
4:00) 182 111 100
55 | tean 8 0.114 =0.278 -=0.172
FRQ 27 72 Iz
sg | Meso é -0.460 =0.113 -0.412
4:00) 104 101 1s

Q
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Aruitoxt provided by Eic:

TABLE 6-1 (. cinyed): Test J1, Junior High Scheel &Srade 2

i 1 &itemﬂti:e 4 5 Total Di;':g:::cy
5 He;;qé o.ggg -o.z;; —0.2;3 -n.:gg o.ugg 455 1.158
38 Hegq d

1 He;nmé 0.32:; o.ng o.ogg -o.ogg 1.222 450 1083
40 u:;;qé 0.526: -0.133 0.122 o.ggg —0-22: 458 1.088
41 uegqs -o.s;g —u.:.:ig -0.113; -0'0}.3 o.aggi 461 1218
42 “‘gqé O-g;g -O-ﬁig 0.32: —o.ogg -c.zgi 457 1,236
43 “"-‘;;qé —o.lg o.;g; -o.s:g 0.1:& -0.323% . L 369
4 ne;;qé o.zgas -0.122 -o.zig o.ggi o.zg;l' 456 0.892
e A R A RS A s S Y e
46 He;;qé o-ggg —0'1% -o.zg: —o.zgg —c.o7§ 459 1600
47 He;;qé -0.122 o.;g; -o.u;z -0.123 '0'0% 459 0.958
48 “egqé 0.422 o.zg§ —o.sg: '0'022 o.871 uss 760
49 ue;;qé o.ogg -0.3:; 0.12; -o.a;g o.;gg 460 1178
50 ue;;qé o.;gg 0.123 -o.sgg 0.121 .o.ogg 488 L
51 He;;qa 0.1%2 -o_zig 0.33 0.122 o.ggg 448 1165
52 ne:qé 0.123 o.gg o.ogi o.zgg o.x;g 449 0.743
$3 He;;qé 0.3;§ 0.132 -o.ngg o.fi;g o.g;g 455 0.931
56 negqa o.f;; o.z;g o.zgg D'igé o.os; 48t 0. 766
55 ne;;qa -o.ogg -0.0:% —0.{11::?. -o.:.ig 1_;3;1' 458 L 612
<6 ue;;qé o.z;g o.igg -o.zgg 1.3;: 0.2:_;; 485 1643

o
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6=1 (Concinued):

Test J2, Junior Migh School Grade 2

Iten

Indicas

1

Altermative
2 3

&4

5

Total

Largest
Discrepancy

10

11

12

13

14

16

17

14

19

20

Mean &

-1}

Mean

=)

Mean

Mean &

L3

Mean
FRG

Mean

Mean 6

P

Mean

@

Mean

£
g
[a+]

]

&
&

Mean &

~0.247
145

-0.667
28

~0.403
51

~1.126
14

=-0.239
125

-2.08¢%

=-0.761
z

=1.259
10

=-0.194
141

=-1.035
22

-0.681
23

=-0.597
50

-0.227
134

=0.766
34

=0.764
36

=0.704
52

-0.189
109

-1.012

=0.923
46

~0.901 -1.148
11 19

-0.660¢ -0.639
45 42

-0.963 -1.03%
30 23
-1.573 =1.070
2 10

=-0.98 =0.607
6 a2
-0.269 -1.365
153 24

-1.205 -0.58%
12 6

-0.746 -1.098
9 21

=1.057 =0.850
11 18
-0.253 =0.801
143 26

~(}.883 -1.551
23 10
-1.016 -0.7717
[ 21
=0.860 =1.323
13 9

-1,045 ~0.845
18 26

-0.093 -0.571
a7 54
-0.373 =-0.858
21 5

=0.745 =0.731
33 3l
-0.808 =-0.875
38 88

-0.805 -0.943
k) 46

=1.354 -0.744

11

-0.834
16

=-0.289
115

-1.091
18

~0.891
=0.671

-0.37¢
156

-0.312
172

=1.09%
47

=1.059

-~1.113
18

=-1.277
13

=0.646
34

=0.974
k1)

-1.369
11

-0.128
a5

-0.929
39

=-1.139
7

0.304
67

5

-0.224
a7

-0.948

-0.334
177

-0.978
25

=0.946
13

-0.362
10

-1.428

=0.648

-0.924
22

-0.251
147

~(3.302
131

=1.023
0

-0.061
107

-0.784
29

-0.842
58

-3.291
0.148
a3

=0.507
24

221

218

221

221

220

221

221

220

221

220

221

221

217

221

219

1.107

0.610

0.757

1.23%

0.739

1.3820

0.329

1.116

0.902

0.806

0.975

1,296

0.984

1,276

0.730

0.740

1.2a7

1.252

ERIC
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TABLE §-) (Coatinued): Test J2, Junior High School Grade 3

Itea | Indices L A;'“mti:. ‘ s Total D1:::$c7
N E‘qu 0-:;: —0-3§g "U-Tg; '1-023 '°°3Z; $73 1.260
2 [Mean &

RQ
3 He;;q 8 -o.3§§ -o.zg; -0.3;; -o.azg 0.32% $67 0.837
N R i e N
s n.;:q 8 -0.723 -o.n; -o.ai: -o.stls. 0-1—3; 574 0.971
s m;zqs o.ggi -0.723 -o.z:z -u.s:; ’0"% 568 1.022
7 n;;;qa -o.s:; o'ﬂi ~1.1§§ -o.sgz -0-8;2 s70 1.300
N ne;gqé -o.agg -o.gg: 4.4:2 o.igg -o.zg 71 1.066
9 n-;;qa -1.023 -0.323 -o.sgg o.:g; -0.7:{; 570 1.341

10 n.;;qé o'i;’; -1.011; 4.22: -1.0:: o.oz: 571 1.152
n ne;:qé -o.s:s‘; o.g:«; -.0.722 -o.sgg -o.ség $72 1.014
12 n.;:qé ~o.agg —o.sg -1.3:: -0-7§g ‘J-ig; 572 1.597
13 m;;qé 0595 -o.a:: ~0.366 Lz oens s 1.538
“ ug;;qé o.gg;. -0.3:; «1.53 -0.332 '0-32‘; 571 1.768
R e A e Sl P e
" nggqﬁ -o.sg: o.g:: —o.a;: -—0.3:: -o.s:z $69 0.893
2 ne;gqe -o.%; 0.1:: -o.ag: o.gg; -o.i;: 272 0.897
o [ | O e g o e e | e
19 Hs;;qé -0.922 -o.s:g -o.:g: -o.ng o.ggg 872 1.382
20 He:;qa -o.s;; -o.ag: 4.7;2 o.ggg —0-3:: 574 1.462

50
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VII Use of Index k* When Distractors Are in Full Work

It is obvious in Table 6-1 of the preceding chapter that for
these vocabulary items the knowledge or random guessing principle does
not work behind the examinee's behavior, for the mean values of ]
for the wrong answers are sSubstantially differemt from one another
for most of the items. In cases like this, index k* , which was
introduced in Chapter 5 as a modification of Sato's number of
hypothetical, equivalent alternatives and used as an index for
invalidating three-parameter models, ¢an be used as a measure of
desirability of the item for the group of examinees in question,
just as Sato's index is meant to be used for. An additional merit
of index k* when it is used for this purpose will be that it can
be used directly, without depending upon the relationship with the
probability for the correct answer, pR » which is illustrated
by Figure 2-1.

Table 7~1 presentS the estimated entropy fi* obtained
by (5.6), for each of the nineteen items and each of the four
groups of examinees, JH1, JH2(a), JH2(b) and JH3. The values
of index k* , which correspond to these H*'s in Table 7-1,
were obtained by (5.10) and are shown in Table 7-2.

We can see in these tables that thirteen out of the total
of nineteen items have higher values of 8% , and hence of PEIR
for JH2(a) than for JHZ(b). Since the subjects in these two
groups are of the same school year, i.e., the second year of junior
high school, this tendency may be related with the fact that for JH2(a)

these nineteen items were given at the end of the test and for

471
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TABLE 7-1

Entropy of Each of the Nineteen Vocabulary ILtems Based on
Each of the Four Subgroups, i.e., Junior High Schoel,
Grades 1, 2, 2 and 3., For the First Two Subgroups
of Subjects Test JL Was Used and for the Other Two
Subgroups Test J2 Was Used.

Subgroup

JH1 Juz(a) Ji2 (b)

Ttem

37 (1)
39 3
40 (4)
41 (5)
42 (6)
43 (7)
44 (8)
45 (9)
46 (10)
47(11)
48(12)
49(13)
50(14)
S1(15)
52(186)
53(17)
54 (18)
55(19)
56(20)

. 55907
,57359
.41987
.47880
. 50740
.54070
.43049
L 42195 .49895 .54177
.37234 . 36152 .36544

1.57572 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
.52673 1.58391 1.54137
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

. 57997
.48141
. 52098
.51576
.51224
.51333

,51218
.55547
. 39913
. 46885
.50880
. 39256
L41791

.59254 .57072 .57317
.51299 40124 . 40700
. 54630 46214 . 50665
. 59962 .59600 .58320
.54651 .54903 . 51294
L 45244 465629 .41821
. 51192 .45933 .51052
.23002 .27989 .25075
. 60838 .60223 .58595

L T o T T R R R R T o el
e e = R I R R R S e
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TABLE 7-2

Number of Hypothetical, Equivalent Alternatives of Each
uf' the Nineteen Vocabulary Items Based on Each of the
Four Subgroups, i.e., Junior High School, Grades 1,
2,2 and 3. For the First Two Subgroups of Subjects
Test J1 Was Used and for the Other Two Subgroups

Test J2 Was Used.

w JH1 quz(a)  JH2(b) Ju3
Item
37 (1) | 4.75440 4.83420 4.53660 4.57590
39 (3) | 4.8239 4.85480 4.73730 4.88252
40 (4) | 4.13659 4,39917 4.05166 4,34565.
41 (3) | 4.38768 4.57672 4.34425 4.41479
42 (6) | 4.51496 4.,53290 4.52130 4.16531
43 (7) | 4.66784 4.,53688 4.02513 4,47592
44 (8} | 4.18076 4.54183 4,12850 4.39004
45 (9) | 4.14519 4.47701 4.67284 4.59447
46 (10) 3.94459 3.90212 3.91744 4.05162
47(11) | 4.60310 4.,87397 4.67098 4.83551
48(12) | 4.91623 4.81011 4.82191 4.18412
49(13) | 4.54029 4.06023 4.08370 3.77850
30(14) | 4.69408 4.31519 4.51161 4.18267
31(15) | 4.95113 4.%3326 4,87033 4.,75646
5216} | 4.69506 4.70690 4,54008 4.54521
33(17) | 4.27352 4,33314 4.12972 £,40669
34(13) | 4.53542 4,30307 4.52908 4.30829
55(19) 3.42128 3.59625 3.49295 3.68295
56(20) 4.99472 4,96410 4,88392 4.,97805

6




JH2(b) they were given at the beginning of the tesr. We can also
observe that, for some items, there exists a mild tendency that
the value of Kk* becomes greater as the school year increases, and,

for some others, this tendency is reversed. Ttems 39(3), 40(4),

44(RY, 45(9), 47(11), 53(17) and 55(19) belong to the first category,

and items 37(1), 48(12), 49(13), 50(14), 51(15), 52(16) and 54(18)
are members ©f the second category. In spite of these mild
tendencies, however, the values of index Kk* are large, ranging,
approximately, from 3.42 to 4.99 , for all the examinee groups,
the result which indicates a high desirability of this subset of
test items for these groups of examinees.

We can observe a tendency that, regardless of the groups of
examinees, some jtems have higher values of k* than others, and
some other items have lower values of k* than others. Items
56(20), 51(15) and 39(3) exemplify the first category, and items
'55(19) and 46(10) are members of the second category.

The mean and the standard deviation of the nineteen values
of k* for each of the four examinee groups were computed, and are
presented in Table 7-3. We can see that all the mean values are
between 4.39 and 4.51, and all the standard deviations are between
0.34 and 0.40, i.e., very close to one another, respectively.

As an additional information, the product-moment correlation
coafficient of Kk*'s , which are shown in Table 7-2, was computed
for each pair of examinee groups, and the result is presented in
Table 7-4. We can see that these values are fairly large and

positive, as we can expect from Table 7-2.

Eo
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TABLE 7-3

Mean and Standard Deviation {s.d.) of the
Index k* for the Nineteen Vocabulary
Itens, for Fach of the Four Examinee

Groups.

Mean s.d.
4.4832 0.3%44
4.,5038 0.3659
4,3931 0.375%
4.3976 0.3465




Product-Moment Correlation Coefficient of the Index

TABLE 7-4

k* for Each Pair of the Four Examinee Groups.

JHL JH2 (a) JH2 (b) JH3
| Jul 1.00000 | 0.82705 | 0.82711 | 0.60447
Ju2(a) || 0.82705 | 1.00000 { 0.85120 | 0.85770
Ja2(») || 0.82711 | 0.85120 | 1.00000 | 0.71444
JH3 0.60447 | 0.85770 | 0.71444 | 1.00000
£




The result of the principal factor analysis of the correlation

matrix, Table 7-4, with the largest correlation coefficient of each
row Or column as the first estimate of the communality and using
three iterative reestimations of the communalities, provides us with
the eigenvalues, 3,237, 0.266, 0.044 and -0.011 . Since the
correlation matrix, with communalities as the principal diagonal
elements, is positive semi-definite, the negative eigenvalue is
due to the eryor, resulting, mainly, from the inaccuracy of the
estination of the communalities. The final communality estimates
are approximately 0.863, 0.999, 0.862 and 0.833, respectively.
We can say from this result that a strong, dominating general
factor exists behind the four sets of ﬁ*'s s since the first
eigenvalue, 3.237, is by far the largest, and the other eigenvalues
are close to zeco. The first factor loadings for the four examinee
groups, which are the correlation coefficients between this general
factor and the separate gets of fxrs , respectively, turned out
to be 0.868, 0.983, 0.905 and 0.836 .

These facts indicate that the four examinee groups are fairly
similar to one another with respect to the configuration of the

values of K* as-far as these ninefeen vocabulary test items are

concerned.
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VIIT Proposal of a New Family of Models for the Multiple-Choice
Item

Throughout the history of mental measurement, the multiple-

cnoice item has been treated a8 a "poor image of the free-response

item," and very little accomplishment has been made in pursuing

its theoretical advan:age, rather than its handicap. Most

researchers in these days mechamically adopt the three-parameter

logistic model for their research which is based on the multiple-
choice item, without even trying to validate the model. As long as
they continue doing this, we shall never be able to expect any
progress in this area of science, in spite of the fact that more

and more research materials and published papers are accumiulated
year by vyear.

It has been one of the author's purposes of pursuing the
method of estimating the operating characteristics without assuming
any mathematical model 2 priori (Samejima, 1977b, 1977c, 1978a,
1978b, 1978¢, 1978d, 1978e, 1978f) to approach the operating
characteristics of distractors, which are completely neglected
by the users of three-parameter models. While this approach is
undoubtedly more scientific than amy others, it will be desirable
to consider new types of models, which reflect psychological
reality behind the examinee's behavior in the multiple-choice
situation far better than three-parameter models and the knowledge
or random guessing principle.

The research on the vocabulary measurement made by Shiba

and others should be credited for the fact that they did not

6/
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accept the fashionable three-parameter logistic model blindly as
many other researchers do, and, moreover, they try to make full
use of the information given by the distractors to the extent that
they used it for branching examinees in tailored testing. As far
as we treat the multiple-choice item as a binary item, it will be
a poot suybstitute for the free-response item, which is contaminated
by noise or guessing. If we make use of the information given
by the distractors, however, the multiple-choice item can be more
informative than the free-response item, and will no longer be a
poor image of the free-response item.

The family of models that will be proposed in this chapter
is related with the graded response model (Samejima, 1969, 1972},
in which an item is scored into more than two response categoties.

Let xg be the graded item score, which assumes Integers, O

through mg s and Px (8) be its operating characteristic. The

g
graded response level can be classified into the homogeneous and

the heterogeneous cases (Samejima, 1972}, and we can name the
normal ogive model (Samejima, 1972, 1973) and the logiztic model
(Samejima, 1972) as models in the homogeneous case, and Bock's
multi-nomial response model (Bock, 1972, Samejima, 1972) as an
example in the heterogeneous case. In these models, the operating

characteristic of the item respomse category is defined, respectively,

as follows.

_ a (6-b_) .2
8.1) P (8) = (2m) 1/2[ g xS w2
g ag(ﬁ-bx8+l)

65




ST

TKR VIII-3

-57-
= -1 -1
(8.2) ng(e) [1+exp{-Dag(6-bxg)}] - [1+exp{-Dag(8~-bx +1)}] .
T -1
(8.3 P (8) = exp{ax B+Bx R exp{a38+83}] .
g g g s=0

In both the normal ogive and the logistic models, i.e., in (8.1) and
(8.2), the item parameter ag is a positive number, and the item

response parameter bx satisfies the relationship such that
B

(8.4} - = bo < bl < b2 < ... < bmg < bmg+l = o

In the latter, D 1is a positive pumber which assumes 1.7 when the
logistic model is used as a substitute for the normal ogive model.

In Bock's multi-nomial model, one of the item response parameters,

Gx satisfies the inequality,
E
(8.5) B €8 § % § e SO

Suppose that the multiple-choice item g is constructed in
such a way that all the maln, plausible answers are covered by the
alternatives, in additjon to the correct answer. Suppose, furcher,
that no guessing is involved in the examinee's behavior in answering
item g . Then the examinee will either be attracted to one of
the alternatives, or will have no idea at all as to its answer,
Arrange all the distractors in the order of their.plausibility,
and give the numbers 1 through (mg—l) in the ascending order.

The number assigned to the correct answer is mg , or m for

simplicicy, and the one assigned tp the "no idea at all" category

Q E;L; -
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is 0 . In suych a situation, the operating characteristic of the
graded response category can be used as the operating characteristic
of the altermative, treating “no answer" as the additional alternative,
to which the item score is 0 . -

In practice, however, because of the pressure of testing,
it is rather unlikely that the examinee will leave the icem unanswered
even when he has "no idea ar all.”  For chis reason, now we shall
assume that the examinee guesses randomly when he is not attracted
by the plausibility of any altermative. Thus we shall deal with
the m alternatives as the graded response categories, 1 through
m , and we can write for the operating characteristic of the
alternative

m
(8.6) P (8) = ¥, (8) + (1/mg)[1—fixvs(e)1 , %L 2o
g g s=

where ¥ (8) is the operating characteristic of the alternmative
which is Eumbered xg » when no guessing is involved. Thus we
can use one of the Px (B)'s defined by {8.1), (8.2) and (8.3},
or a similar operatinggcharacteristic of the graded response
category with a sound rationale behind it, depending upon the
nacture of the item and the set of alctermatives.

For the purpose of 1llustration, we shall use the normal <give
model for ?x (8) , with ag =1.5 and bx ‘s are -2.0, -1.0,
0.0, 1.0 and 3.0 for xg = 1,2,3,4,5 , respectively. Figure 8-1
presents the operating characteristics of the (mg+l) alternatives,
obtained by (8.1), when no guessing 1s involved and '‘no answer"

i3 treated as the additional alternative, or category O .
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In this example, the operating characteristics of the four distractors
are unimodal, with ~-1.5, -0.5, 0.5 and 1.5 as the modal points,
respectively. Figure 8-2 presents the operating characteristics
of the five altermatives when guessing is involved, which are
given by (8.6) with Wx (8) replaced by P (9) given in (8.1).
We can see that, unlikegthe operating charac%eristics when no guessing
iz involved, these curves have the common asymptote, 1/5 , when
8 approaches negative infinity. To compare the two operating
characteristics of each alternative more clearly, Figure 8-3 presents
the two curves for each alternative in one graph, with the dotted
line for the one without guessing, and the solid line for the ome
with guessing.
The family of models presented by (8.6) seems reasonable,
in the sense that it considers both the information given by the
distractors and the noise caused by random guessing. Its behavior
will be investigated further, and will be discussed in a separate
paper.
It is interesting to note that the use of the normal ogive
model and its logistic approximation in the research on vocabulary
measurement conducted by Shiba and others can be justified by “
the new family of models. As we can see in the fifth graph of
Figure 8-3, when the parameter bl is as distant from bm as
in this example, the operating characteristic of the corregt answer
is practically the same as the item characteristic function of

the normal ogive model on the dichotomous response level, except

for the additional "tail" on the lower levels of ability. If

-
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FIGURE §-2

Operating Characteristics of Five Alternatives Following the Normal Ogive Model with
Guessing Effect. The Parameters Are: a_ = 1,5 , IJ1 = =2.0, b2 = -1.0 , b3 = 0.0

3

b4=1.0 and b5=2.0.
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FIGURE 8-3

Comparison of the Two Opevating Characteristics in the Normal Ogive Model.
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this is the case with all the items in the test and the ability
distribution of our examinees dees not include lower levels of

8 where these tails lie, we can approximate the operating
characteristic of the correct amswer by the normal ogive model

on the dichotemous response level, and use the tetrachoric correlation
coefficient and the logistic zpproximation and seo om, just as Shiba

and others did.




IX Discussion and Conclusions

We have introduced Sato's number of hypotherical, equivalent .
alternatives, and defined its modification, index k* , as a measure
of invalidating the three-parameter logistic, or normal ogive, model.
We have alse introduced Shiba's research on the measurement of
vocabulary and thé construction ¢f a taileored test, using the
information given by distractors. Various observations and
discussion have been made concerning the three-parameter models
and item distractors, the validation of mathematical models, and
so forth. Finally, a new family of models for the multiple-
choice item, which formulate both the operating characteristics of
distractors and the effect of random guessing, has been propesed.

There is a tendency that researchers restrict their ideas
within the traditiom of their own culture. Thus they temd to
accept whatever is familiar to them, what is fashionmable among
other researchers in their culture, and so on, without feeling rhe
necessity of validating the ideas and mathematical models in
relation with their specific data and psychelogical reality.

The virtue of doubt can be obtained if they shift their attention
to what is going on outside of their own cunlture and climate,
and try to think what is really right. -

Three—parameter models for the multiple-choice item have
been too readily accepted among psychometricians and applied
psychologists, and they have been using the models without trying
to validate them. Unless we correct this wrong arientatian,-

psychology will never make any progress, regardless of rhe fact

o
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that more data are accumulated and more papers are published year
by year. In the author's opinion, psychology has not Yet established
itself as a science, and we need to do that by putting ourselves in
a right track of research. In so doing, the validation of
mathematical models 18 certainly one of the most importamt thimgs.
The departure from the traditionm should also be made in the
treatment of the multiple-choice item. Instead of trying to handle
the multiple-choice item as a "bjurred" substitute for the free-
response item, we must make £yll use of its advantage, which the
frea-response item does npot have. The operating characteristics
of the distractors of the multiple-choice item will add more
information about the examinee’'s ability level. We must set

a criterion for the quality of multiple-choice items from this

aspect also.

AN

o




(1]

(2]

(3]
{4]

(5]

(6]

{71

(8]

(9]

(10}

(11]

{12]

(13]

[14]

-70-

FERENCES

RE

Birmbaum, A. Some latent trait models and their use in imnferring

an examinee's ability.
Statistical theories of

In F. M. Lord and M. R. Novick;
mental test scores. Addison-Wesley,

1968, Chapters 17-20.

Bock, R. D, Estimating item parameters and latemt ability when

responses are scored in

Psychometrika, 37, 1972,

two Oor more nominal categories.
pages 29=51,

Goldman, 5. Information theory. Prentice Hall, 1953,

Indow, T. & F. Samejima. LIS measurement scale for non-verbal

reasoning abilitv. Tokyo: Nippon Bumka Kagakusha, 1962.

(in Japanese)

Indow, T. & F. Same]Jima. On the results obtained by the absolute
scaling model and the Lord model in the field of intelligence.

Yokohama: Psychological
University, 1966,

Laboratory, Hiyoshi Campus, Keio

Lawley, D. N. and A, E. Maxwell. Factor analysis as a statistical
method. Butterworth, 1971,

Lord, F. M. and M. R. Novick. Statistical theories of mental test

scores. Addison-Wesley,

Samejima, F. Estimation of

19568, Chapter 16.

latent ability using a response pattern

of graded sceres. Psychometrika Monegraph, No. 17, 1969.

Samejima, F. A general model for free-response data. Psychometrika

Monograph, No. 18, 1972.

Samejima, F. Homogeneous$ case of the continuous response model.

Psychometrika, 1973, 38,

pages 203-219,

Samejima, ¥, A use of the information function in tailered testing.
Applied Psychological Measuyement, 1, 19772, pages 233-247,

Samejima, F. A method of estimating item characteristic fuamcrtions
using the maximum likelihood estimate of ability. Psychometrika,

42, 1977b, pages 163-191,

Samejima, F. Estimation of
response categories 1:

the operating characteristics of item
Introduction to the Two-Parameter Beta

Method. Office of Naval Research, Research Report 77-1, 1977c.

Samejima, F. Estimation of
response categories II1:
Parameter Beta Method.
Report 78-1, 1978a.

the operating characteristics of item
Further development of the Two-
gffice of Naval Research, Research

O

i AN
Nt Ay




(151

(16]

17}

(18]

{19]

(201

21]

[22]

(23]

-71- |

REFERENCES (continued)

Samejima, F. Estimation of the operating characteristics of ditem
response categories III: The Normal Approach Methed and the
Pearson System Method. Office of Naval Research, Research
Report 78-2, 1978b.

Samejima, F. Estimation of the operating characteristies of item
response categories IV: Comparison of the different methods.
Office of Naval Research, Research Report 78-3, 1978ec.

Samejima, F. Estimation of the uperating characteristics of item
tesponse categories V: Weighted Sum Procedure in the
Conditional P.D.F. Approach. Cffice of Naval Research,
Research Report 78-4, 1978d.

Samejima, F. FEstimation of the operating characteristics of jtem
response categories VI: Proportioned Sum Procedure in the
Conditional P.D.F. Appr-~ach. Office of Naval Research,
Research Feport 78-5, . 8e.

Samejima, F. Estimation of the operating characteristies of item
response categories VII: Bivariate P.D.F. Approach with
Normal Approach Methed. OQffice of Naval Research, Research
Report 78-6, 1978f.

Sato, T. Engineering techniques for amalvzing educational data,
No. 3. cCentral Research Institute, Nippon Electrie Company,
Ltd., 1977. (in Japanese)

Shiba, S. Construction of a scale for acquistion of word meanings.
Bulletin of Faculey of Education, Universiey of Tokye, 17,
1978. (in Japanese)

Shiba, 5., Y. Noguchi zpd T. Haebara. A stratified adaptive test
of verbal ability. Japanese Journal of Educational Psychology,
16, 1978, pages 229-238, (in Japanese)

Tatsuoka, M. M. Recent psychometric developments in Japan:
engineers tackle educational measurement problems.
ONR Tokvo Scientific Bulletin, 4 (1), 1979, pages 1-7.




-2

APPENDIX I

(o




'+

Alceruacive
C

Sub | ect

! T

I.ﬁl.l-.l\‘lcl.l..)-.-.*.-..lll_ll...-. L |

WL Wt A o
M R

o F

-y

[UUE, S W S

LU LR - L
oo ¥ Bty |
. oo Pl |
4 . P

1 |

el K A S e F R D BE DI ANM N P i N D
b R N e i) )
-JIJI.IJI i lll._ll.ll._llJ -t P

e AT 0T T _

4=p and 5=E.)

o i s T 0 ! [ 1 R
Y P N YW P W o e ) o T T U o e o ol D ey R Y 35[.......3.\4..1[...3
N
! ' "y i LI
al ¥m AWV F - F L T N R LR Tty LR R L TS B
: N * 1] < =1 I _ 1"
pel ' ~ ! i ' h
mC ZJI. bl K Ll .JI_...I...._S..:&.I.\:: 23252[1532IJL411&. I.l.-.,...l._k._!..-.l....-.
. _ ~ \ el Lk ] ﬁ 1 L j e
= LI ' ! . | \
Ml - Y W W O Y .3342JSSlI!...6.56!3!525!!!64!15
h - \d T J e ] o __ |
! - . '
L L LY I T _I)...._).I.SSI! P l_ncl... oy =y Jlllli._...\....ll
R . . =3 P
=LA % 0 B e
ST T TR E ST P s
- [l _ | i [ i __ _ | _ m
4 L X N e E L - e R vt
2 MNNMMMMWMmuHUM!HHHHMHHH!HX!!ZJNJJ3...\.... L
& o IIlllillJJln.JlllﬁiJlJJl.lJllJll J.JJI.J.JI.JI. — -
& ___4 wJ L ARG TR O 2 B P B A e D 1 e

TABLE A-1

b

<

(l=A, 2=B, 3=C
dlturoative

R T W Y
il

.ll-s‘l_s.b“.l-‘\HZ el v L LA |

Subjece

L b e B el -
T

-

J

Oglve Model, for Each of the Five Hypothetical Items.

&

Alternatives Selected by Five Hundred Hypothetical Examinees Following the Three Parameter Normal

Subject

Aruitoxt provided by Eic:

E\.



' i o

- el e e L L ]
i i i
[
. o
Ll e e N P I L e !.I.!.I..l!.Ll‘I.I. PR N S NI S i
' - . .
v N _ LR 1 | _ ' _ _ m * ;
. H | .
Loy B : | b
ok ad ek o o d el .LI.I.I..:. L R R e L L
“ ! . _ H
1 7 A I
I%- -
-
o

Altwonag Lve
£ 1]

P PSP S .
r— '

i i
! I :

|
et it i S o WY et
5 4 _

_d -

Alcwrnativa
C ]

I.SI\I.I.!.!.!.IZ(I.!.I-!-!.!.

‘ ﬂ i

....Il.....ll.llll.l.ll.l?.l

Pl _ — _ —

[P e L T |

ol

[N BN |
1

Pttt g 74 W] b P

N )

]

TABLE A-1 {Continued)

o
>
-
-
ge
L]
o
-
-

T T ]

223335515*15512111‘232‘. kT P P W P g

Alrarvative

b']

[4

I_J*

1

L1

J ____.
u

-

__
T

|
~d

|
|

|

]
,5

55&.

b

otk A P gl et P

|

35121111.3133111L

!
i
1.0
&.!.!.!.3‘?.31 .Qt.]t.!.l

1

315[113\11.‘11

L

|

1 _
i

I

.
€

tm

JR) PR JON NN U S

J—1 2 s .1 __,

208
- 307

204

09
it

—2i3 ____1

..w
?.3..-5.3
prgill e
zzzzz

—a11
—21

..ila
_19
—2T0
131
*oaee

[y T

-3 _._.l___l

_
!
2
i

L

!
- 3 [ I N

w7
T 273

iia
11
= 32
i1}
34

35
S _ L.
i3l
t31 ]
S L N .

_ 240 )
tisl wprt

_242

Q

Aruitoxt provided by Eic:

E




I | 1
- r - ot g ] e e ottt ot el
| u e PN 1 LB R _
H i ._ o _ N
|t oot et o gt o ot ot ot i ]t ottt e s L ol Cnldn t]
. - N ” _ * W ity Al
> . ar - _ .
H . | JI-3 o
: Tt ! [ I S RN
mc lll.llI.I.lI.I.I.I.ll.l.-llI..l-..l.l-ll.!.llllll_l.lll..ll S I.!.I_L!.__...
- B - i 1
5 S ] e m..j |1
- 0 RN p llll.lm_ P R RO ORI FpEA JIP (AP SR I.H 14111[41_[_
* Vot % '
.; ;.:4 - .ﬂ . Z _._ W H -
— o] ot ot ot ] ot ok mt it ] | ot ] ] o ks b bt td rd = nt] i ]ty
. " o = p il o
< : 1IN E i L _ D
) 5 IR 3 f T ]
T P L T e L Ly L e Rl baledl=dm i B Lok a
- 55’5555555.&55-@‘5&55.{7.{?.{lITTTﬂ‘ﬂ.‘aﬂaa o
o A .-..-..-..-.J.-..-.J.-..-.JJ.-.&.&..!J.-...-.A.-..-.& \4.1‘.1.1.1.&.15.—.144.15.? w
p a i P4 s [ S P B A ' (S £y ) iy
S
- ~
-
' 11 o ! T SRR !
A - llJlllllllllllllll o ] W - | oy el oy -
i et " _ : vl _
. pery | . “ F -, |
r = o W !
rnlp e il ] g il ot ] o ok ot e g gt sl ] b ] v o d ol iy e et ant
< |21 _ AHIE IR
£ s i
= | : |1
mc ot ol g .I_I.I.I.ll.lllll.ll.!.llt-ll!ll.\.l oy
+ - [ 3
. C R Lo
= .._ : |
ll - et ek el o g o el v

Aruitoxt provided by Eic:

E\.



APPENDIX II




Aruitoxt provided by Eic:

ERIC

TABLE A~2

Frequency Ratio, Pj s of Each of the Five Alternatives and the
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the Examinee Selects the Correct Answer by Random Guessing at
the Maximum, for Each of the Nineteen Vocabulary Items.
Junior High School, Grade 1, for Test J1.

WUWIFIED Rl FREWS

Alcernaciva
Irem ?J and Pa ] 1 2 3 4 5
37 ()| RELATIVE FREWUENCY 0.50175 0Qe08741 0410315 0.1031% 0420455
MUBIFIED RELoFREQe | 0413271 . o S
19 (3| RELATIVE FREJJENCY 0s186152 0.20443 0.20956 D0.09075  0.33274,
31 MUGIE 16D ELeFREG. - 0417450
0 4 RELATIVE FREQUENCY Del06TE 0e24eQT 0QWJI5TOT JeblTodéd 0.01571
0 () wudIr1ED Acl oFREQ. 0.16692
RELATIVE FREWMENCY | 0.09250 0403430 0s0601% 0o l4B3%  0,08412
41 (3| quolelel AikeFiEQs 0+0932%
RELATIVE FREQUENCY 0.43333  Q.03684 .21228 0.14737 0.1T7018
52 (&3] MUDIFIED KELoFRewe ' | 0ot8122 . -
43 (1) RELATIVE FREWUENLY Q4545 0.53846 0.17133 0.11713 D.12762
MUDLIF1ED AiL.FREQ. 0+12583
o (8) WELA  ~E FREWUENCY | 0,20914 0011775 0502460 (453524 0Qe06327
MOOLE 1D ReloFREU. 0. 13040
o5 RELAT IVt FREQUCRLY T.08979  0.0%40% 0421655 0.,00915 . Ge0%0%3
] WOLIFIED AEL.FAEQ. B L 0.1227 __
6(10) RECATIVE FAEQUERLY | 0452113 0.00095 0.01748 0.288713 G.D3L69
& MOVIF 1ED RELs#REQ. Oe 16263 T
an AECATIVE FAEWUERCY | Cel2027 0439267 0.21768 u.093L5_ Q.1142%
ST F 40018 LED RELe FAEQe . Delés28 T
TIEUATIVE FRCQUENLY |7 0e14382 D.17720 0.1028% 0. LIBT9 OCak57e3
48002) | 4D 1F1EC AbLeFREGS 073854
an | AEPATIVE FRESUERCY ™ [T002007077 0,05410770,07338 " LI 12218 045437%
4303 L MUDIFIED RELoFHEN. . m.aghie
s0( KELATIVE FREQUENCY TDL52940 Ve08055 TULUE130 D2 13061 0.18313
18} 1 wUulF LEQ RebeFREUS 0412668
FECEY IVE FRRAUVERLY  7]” Bo15853 Deléss2 0.13393 D, 20075 0255893
S5ECISY | MUbIFTEo kel oFrbve . L 0ele225
TRELRYIVE FREQUERCY 7| 0020531 0e41593 04141597 006018 0. L7E9T
52016) } wOUIF 1ED wEL-FREW. 0.15807
RETATIVE FrEuUEhlY 0428497 g.08516 0.05%44 025000 0.3{643
SO woulFlew kel.FREds 022911
(a8 TRECATIVE FiEQUeNCY™ 05324%2 T 0.45786 0,178257 0,257 T 0.08855
5401831 WLOIETED REL.FREG. 019109 .
r
¢ RELAVIVE FREQULNEY ™| 0.047297 '0.126697 g.55517 C.d5079 0322061
53029 | 4o IF tED ®EL.Frbde 0.32167
56020) RECATIVE FABNUENCY | 700181827 0.17657 06020105 GTe2+550 0Oel9406

O 18862

SR,




Q

ERIC

Aruitoxt provided by Eic:

TABLE A-2 (Continued):

-78-

Junior High Scheel, Grade 2,
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Junior High School, Grade 2,
for Test J2.
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Junior High School, Grade 3,
for Test J2.
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