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Abstract

Two distinct approaches, one based on item-response theory and the
other based on observed item responses and standard summary statistics,
have been proposed to identify unusual response patterns. A link
between these two approaches is provided by showing certain
correspondences between Sato’s S-P curve Theory and item response
theory. This link makes possible several extensions of Sato’s caution
index that take advantage of the results of item response theory.
Several such indices are introduced and their use illustrated by
application to a set of achievement test data. Two of the newly
introduced extended indices were found to be very effective for purposes
of identifying persons who consistently use an erroneous rule in
attempting to solve signed-number arithmetic problems. The potential

importance of this result is briefly discussed.
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Introduction

Several authors have recently shown an interest in using
information from patterns of response to test items to extract
information not contained in the total score. A variety of purposes have
been envisioned for use of the additional information, Wright (1977),
for example, refers to identification of "guessing, sleeping, fumbling,
and plodding” (p. 110) from the plots of residual item scores based on
the differences between item responses and the expected responses for an
individual based on the Rasch model. Levine and Rubin (1979) discuss
response patterns that are "so atypical... that his or her aptitude test
score fails to be a completely appropriate measure" (p. 269). Sato
(1975) proposed a "caution" index which is intended to identify students
whoge total scores on a test must be treated with caution. Tatsuoka and
Tatsuoka (1980) and Harnisch and Linn (1981) have discussed the
relationship of response patterns to instructional experiences and the
possible use of item response pattern information to help diagnose the
types of errors a student is making.

Indices of the degree to which an individual’s pattern of responses
is unusual are conveniently classified into two general types: those
that use item response theory (IRT) to identify unusual patterns and
those that rely only on observed item responses and standard summary
statistics based on those responses (e.g. the number or proportion of
people in a norm group answering an item correctly). The work of Wright
(1979) and of Levine and Rubin (1979) are examples of approaches based

on IRT while the work of Sato (1975), Tatsuoka and Tatsuoka (1980), and
Harnisch and Linn (1981) are of the latter type.




The primary purpose of this paper is to develop a link between
these two general approaches., More specifically, we will show a
correspondence between Sato’s (1975) S~P Curve theory and test response
curves and "group response curves" developed from IRT, Also, Sato’s
Caution Index defined in the S-P curve theory is generalized into a
continuous domain utilizing IRT. That is, S-P curve theory and the
Caution Index are originally developed in a discrete domain of 0 - 1
scoring, but this study extends the theory to a more general case of
probabilities.

Several different generalized versions of the caution index are
presented. Results of applying these indices suggest that there are two
categories. One set of indices functions in a manner similar to Sato’s
original index. The other set functions more like Tatsuoka and
Tatsuoka’s Individual Consistency Index in that it successfully
distinguishes examinees who make consistent errors in responding to test
items.

We first briefly review Sato’s S~P Curve theory. Next, a group
response curve (GRC) is developed for the one parameter logistic model.
The GRC is based on the dualistic nature of the one parameter logistic
model which depends on the choice of fixed and random parameters in the
model. We then present an extended caution index with several special
areas which are applicable to IRT. The cases of two and three parameter
logistic models are briefly discussed with special attention given to
problems with person and group response curves in these models.

Finally, we discuss applications of the new caution indices for the

detection of anomalous response patterns.
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S=P Curve Theory

Sato’s (1975) caution index is applicable to either an item or an
individual examinee. In either form the index is conveniently obtained
from an especially arranged table of binary item scores referred to as
an "S-P Table". The S-P table, the associated S-P curves and various
indices as the caution index are widely used in Japan for diagnosing
student performance, detecting aberrant response patterns and for
assessing the quality of a test or instructional sequence.

The S-P table is a data matrix in which the students (represented
by rows) have been arranged in descending order of their total test
scores from top to bottom and the items (represented by columns) have
been arranged in ascending order of difficulty from left to right. A
hypothetical S-P table is shown in Table 1, The solid stair-step line
is called an S-curve which is short for Student curve. For each person,
represented by a given row, a vertical line is drawn to the right of the
nth cell from the left where n is the number of correct answers obtained
by that person. The S—curve is then obtained by connecting the right
edge of the nth cell of each row. The P-curve is drawn in an analogous
fashion by counting down from the top the number of cells equal to the
number of students who correctly answered the item corresponding to a
given column. The P-curve for the data in Table 1 18 shown by the

dashed line.

Insert Table 1 about here

Let yij be the binary response for student (row) i to item (column)
] of the S-P table. Row and column sums are denoted by yj. and Ye3

respectively. The total number of omes in the S-P table is denoted y .
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Table 1
A Hypothetical Score Matrix (yij) and

va........
]
[} .
W v
]
=
(&

L]
~ -{
Q >
o
o
- o

~—4
o
(]
& [=2)
&
Q
3 ®
I ~~
[-9]
° (-]
-]
° [Ta]
~
Q
a 3
-
(o]
(58]
o
!
-~ o~
Q
N
~] -
1™
“la
[ o
o J
-t (7]
oy

-

]

]

m98666555554321

CAVOVOVUVONNWNINIT TN N ™

e o o o o o o

*® & & 0 s e o @
~OOO0OO0OQOOOOO0OO0QOOOO
m9866655551414321

I.O.I.Omooooo.lo.l.ooo

11001“1001000000
]

— 1.nuTu co~oco0O00COO

- ~HO O =~ O O0O~O OO OO0

e O = OO~~~ —O O

e N O~ OO O~ =0 OC

111110101“110000

=

e e = OOt O O ©

.IJ

— ] e O vl el v O e O e Ot

S

 ed o e e e v | (O o e O

123456789w

[
o~
=] wy
M~ L]
L] ]
. .
. .
™ A
~ ~
o
s} ()
at!
"y (2}
“
o (=4
=
© [
\n)
© ()
)
o (=4
]
o ™~
~
~—t o
-~
a2 ] ™~
-
b ] -
. .
>~ M

131110 9 8 8 6 5 5 4

s

e
4 !
co LR L LA

T A
) ,‘ 3 Wp,) ?d"."

—
-
3
>




and the proportion of correct responses by Py _, P _j and P _ for the row,
column and entire table respectively. As can be seen in Table 1, the S-
curve is the step function ogive of the mulative distribution
function of total scores, yj,, for the 15 students and the P-curve is
the corresponding function of y_j, the number of right answers for the 10

items,

Ingsert Table 2 about here

If the S-curve 1s held invariant and all the 0°s to the left of the
S-curve are changed to 1‘s and all the 1°s to the right of the same
curve to 0°s the result is the $-P table shown in Table 2 is called a
perfect S—curve., The entries in Table 2 are denoted ij. Similarly a
perfect P~curve will be obtained and the entries in the new table are
denoted by ij. As can be seen, M{, = yg. for all 1 which corresponds
to the fact that the S~curve is unchanged as the result of changing the
cell entries from g4 to Hfj. The values of the column sums for Tables
1 and 2, 1.e., ¥,y and M?j are not in general equal, however.

Sato (1975) defined a Caution Index for subject i by taking the ratio
of two covariances. The numerator of the ratio is the covariance of
observed row vector 1, (yij) J=lyees,n and the sm-of-column vector,
(y,j), j=1,2,...,n and the denominator is the covariance of the
corresponding scores (assuming S-curve is perfect) (H:j), j=l,ee.,n and
the column-sum vector (y.j). j=1,2,4..4yn. More specifically, the

caution index C; for the subject i is given by

n
(ygy3 - P1,)(y.3 = P,.)
.- 1:1 J J
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Table 2
Perfect S-curve Obtained by Changing 1's to the Right

of S-curve to 0 and 0's to the Left to 1.
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and the caution index, Cy» for item j is given by

N
- ’ - P
131(y1j P j)(yi, o)

N
131(M£j =P,y (yg, = P,)

Cj-l-

The second term of the caution index for item j is the ratio of two
covariances: The numerator is the covariance of column vector j, (yij)
and (yy,), i=1,...,N and the denominator 1s the covariance of the vectors
(yy,) and (ij), i=1,2...,N. The value of the denominator is considered
as a norm value to standardize the numerator.

It can be said that this ratio in the above caution index is equal
to the ratio of the traditional discriminating index, Ty, total-item
correlation to the standardized (or ideal in a sense illustrated in
Table 2) discriminating index, rj’, for ftem j. That is

covi(y14, yi,)

covi(yiy, ¥i.) gilrig) aly.) _J

covi(ij. yi.) cOVj(Hfj. yi) fj
ojﬁqij do (yi.)
It i8 clear that 2 (yij -P j)2 = 3 (sz - P.j)2 because the number of

1’s in column j is invariant as can be seen in Tables 1 and 2, so the
number of 1°s in the column vector j, (ij) and (yjj) are the same.
Therefore, the two variances ¢ (yij) and Gj(MP ) are equal.,

The Extended Caution Index in Conjunction With Response Theory

Test and Group Response Curves: One Parameter Logistic Model.

According to the one parameter logistic model, the item response

curve may be written

1 » 3=1,2,¢005n ’
Ppy(6) = l1+exp[-D(6-by)]




where @ 18 the latent ability, by is the difficulty of item j and D 1is
a constant which is set equal to -1.7 for convenience of comparison to
the normal ogive model (see Lord & Novick, 1968, p.400). In the above
equation, bj is fixed and © i8 a random variable.

Although in practice, the number of items, n, is a finite number,
it is useful to consider b as a continuous variable. By holding €; fixed
and treating b as a continuous variable, the dual function, Sei(b), of

the one parameter logistic function may be defined,

- 1 1=1,2,.0.,N .
S01(®) = TepToter > * 0

0f course, the expression

1
l4+exp(-D(@4-by)]

may be considered to be a function of either @ or b. By choice of which
variable is fixed, the function may be used to define either the item
response curve, ij(e) or the person response curve Sgi(b) [see Lumsden,
1978, Weiss (1977)]. Hence, the variable described within the
parenthesis of the function i{s considered as a random variable and the
subscript variable is a fixed variable.

The curves for the pair of functions, ij(o) and Sei(b) are
symmetric about the vertical axis at 6 = 6, (or equivalently b = b,)
provided 6, = by, As illustrated in Figure 1, however, the item
response curve (IRC) and the person response curve (PRC), intersect at

(8o + by)/2 1f 85 # b

Insert Figure 1 about here

-
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Addition and subtraction, an inner product of two functions in the
same family (i.e. in one of the two families {Pp,(8), Pp,(6),...Pp (8)}
or {Sel(b)....seN(b)} in this paper), the norm of a function and the
distance of any two functions in the same family will be defined below.
Definition. Addition and subtraction of two functions, Pbl(e) and
Pp,(8), or sel(b)’ and Sez(b) is defined as pairwise addition or
subtraction of the two. That is,

(Pp, % sz)(e) S Ppy(8) £ Pp, (8)

and (Sg, * Sg,)(b) = Sg;(b) + S, (b)

Definition. An inner product (or the sum of the cross products)
of the two functions is the sum of pairwise products Pbl(ei)sz(ei)
[or equivalently Sel(bj)sez(bj)l or more generally, the integration
of the product of the two functions with respect to 6 (or b). Thus

N
[Pbl(e)' Pp,(8)] = 3 Pbl(Gi)sz(Oi)

i=]1
or ="/ Py (@) Py (8)c0
and [Sg;(b), Sgy(b)] = [ Sg,(bj)Se,(by)
3=1
or = f Sel(b)sez(b)db .

Definition. The squared norms of functions P (@) and Sg(b) are given by the
inner product of themselves. Thus, we have .
11Py112 = [Py(8), Py(8)]
- 1gle2(ei) or sP 2(0)de |,
and 11Sgl12 = [Sg(b), Sg(b)]
- jgls.,(bj) or ; Sg2(b)db.
Definition. The squared distance of two functions P51(°) and Py, (@)

for sel(b) and Sg,(b)) 1s the inner product of their difference.

»
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That is

1Py, = Pp,yl12 =

[pbl(e) - sz(e), Pbl(e) - sz(e)l

1Py 112 + 11Ppy112 = 2(Py; , Pp,)

and 1159, — Sg,!12

[Sgl(b) - Sel(b). Sel(b) - Sez(b)]

11Sg 112 + 115,112 - 2(Sgy, §, )
2
By using the notation of integration,
HPby = Pby112 =1 [Py (8) - Ppy(0)]2 de
or I1Se; = Se,t12 =5 [Sg,(b) = Sg, (b)]2 db.

With these definitions, we are ready to introduce the dual concept

of Test Response Curve (Lord, 1980; Lord and Novick, 1968). This is the

Group Response Curve as an average function of N different Person
Response Curves. The Test Response Curve (TRC) 13 an average function
of n IRC’s defined as

T(8) = (1/n) ngpbj(e)-
Similarly, the Group Response Curve (GRC) is an average function of N
PRC’s, that {is,

G(b) = (I/N)iglsei(b).

Illustrative PRC’s and IRC’s for 100 hypothetical persons were

generated by randomly sampling 100 values of & from a unit normal
distribution. The resulting TRC for the simulated 100 item test is

shown as the monotonically increasing function {n Figure 2.

Ingsert Figure 2 about here

The curve that is a monotonically decreasing function is the PRC of 6 » 0,

denoted by So(b). The curve represented by "+"s is a Group Response
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Curve which is obtained by taking the pointwise mean of 100 PRC’s over
the randomly generated 100 b values. That is,
1 100

G(b) = 105 131891(b)
As the number of b values approaches infinity, then G(b) in the figure
will be a smooth curve, monotonically decreasing and moreover, if the
number of © values i8 also very large then G(b) will be a symmetric
curve of T(®) about the vertical line of 6 = b = 0. With this figure, 04,
i=1,2,...100 and by, j=1,2,...100 are randomly chosen from N(0,1) so
their means are not exactly zero. It can be shown numerically that T(®)
and G(b) reach 1/2 at 0 = T%a § 01 and b = 3%6 § bj respectively.

Let us denote the average of T(84), 1 = 1,...,N by T,
N
T = (1/N) 3 T(684)
i=]
and the average of G(by), j=1,...,n by G,

G = (1/n) 3 G(by).
i=]

Then T = G, because

T = (I/N)lng(Oi)

= (1/nN) § 3 {1/1+exp[-D(84~by) ]}

- (1/a) 2G(by) =
1

Definition of Various Extended Caution Indices

Sato’s (1975) S—curve may be viewed as a discrete test response
curve, The perfect S—curve divides 1‘’s and 0’s into two mutually

exclusive areas with 1°s under the curve and 0’s above it. Note,

A A N S s S AT TP a1 - % a1
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however, that direct correspondence in this way involves a reordering of
the subjects from low to high rather than from high to low as typically
presented by Sato and as was shown in Table 2. represents the average
probability of correctly answering items on the test when a person’s
ability is equal to . The analogy between the S-curve and a TRC may be
seen by considering an alternative N by n score matrix with real numbers
based on IRT rather than binary scores. More specificaly, let

Mgy = ij(éi)
where 64 is an estimated ability parameter, 6, for person i1 and bj

estimated item parameter for item j under the condition that
3 Py, (8y) = 2
e =
j-l bj 1 j-l

Since ij(Gi) = Sgi(bj)
for fixed 1 and j, the cells of the probability matrix (PHij) are also
equal to sai(ﬁj). If the rows and columns of this matrix are arranged
in the manner of the S~P table and columnwise sums of the cell entries
are obtained, the result is N times G(bj), which corresponds to the P-
curve., Similarly, n times T(Oi) corresponding to the S-curve may be
obtained by summing the cell entries for each row.

Selected rows and columns of a probability matrix (PMj4) are
illustrated in Table 3 for a 32 item test involving the subtraction of
signed numbers that was administered to a sample of 127 students
(Tatsuoka & Tatsuoka, 198l1). Also shown in Table 3 are the values of
the estimated item and ability parameters and the test and group
response curves evaluated at those estimated parameter values (i.e.,

T(8¢) and G(by) respectively).
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14
Table 3

The 127 x 32 Probability Matrix (P! j) for

ii
Signed-Number Subtraction Problems

item j
) | 2 -- 15 16 31 32 'r(ei) ’61
1 .000 .001 * ° * ,040 .002 . ,017 .082 .026 | -1.114
2 .000 .002 + « - ,061 .004 . 035 .129 .038 | -0.916
3 | .o00 .002 + - + .061 .004 . .035 .129 .038 | -0.722
60 | .549 .635 « « » ,783 .871 . .969 .969 .809 .700
61 .567 W647 ¢+ - ,789 .878 . .970 .970 .816 .710
62 .568 .648 + - - .789 .878 - .970 .970 .817 714
88 0860 0354 e o 0832 0962 * 0994 .998 .968 1.222
127 |{1.000 1.000 - - -1,000  1.000 *1,000 1,000 ) 1000 | *+*
6b) | 527 .s70 .691  .708 .837  .843
r;j - 467  ~.467 -.044 .021 .289 .378

ErangTen M MR e AL s
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Insert Table 3 about here

Before introducing the extended caution index, it is useful to
compare the S and P curves for the data from which the estimates in
Table 3 were obtained with their counterparts, i.e., n times T(®4) and N
times G(bj). The two comparisons S with nT(84) and P with NG(bJ) are
provided in Figures 3 and 4 respeciively., The tic marks on the
horizontal axis in Figure 3 indica.» the location of the 6’s for the 127
students in the study. The t'c marks in Figure 4 show the values of bj
for the 32 items. The close correspondence between the two pairs of
curves is apparent. The number of items and the limited range of values
that Sj assumes for these data obviously limits the evaluation of the

correspondence between the curves in Figure 4, however,

Ingert Figures 3 & 4 about here

Given the parallels between the S-P curves and the GRC and TRC, the
extension of the caution index for use with the latter curves is
relatively straightforward. There are, however, several natural ways
in which the extension can be made. Possibly the most obvious extension
is to simply replace the term (H;j - P4,) in the denominator of
equation (1) by its counterpart from the PHij matrix, i.e.,

[PMgy - T(8)] = [S5,(8y) - T(8p)].

With the above substitution, our first extended caution index, Cly, is defined

(y1j3 = Pt )(y,y = B,))

3
Cly =1~ ] — g
}[Sei(bj) - T(81))(y,4 = PB,)
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The numerator divided by n, i.e., the covariance of (Yij) and (y.j),

can be expanded to the sum of

(1/n) j§IYIjY,j and -P_ Py .
The value of the second term does not depend on a person’s response to
each item but depends on his/her total score. As long as the total
score is fixed, the anomaly of response patterns will not be detected by
this value. This value varies between persons, so if two persons have
the same achievement level 64, then the judgment regarding the extent
to which each response pattern deviates from the norm depends only on
the first term of the numerator. Since the denominator is a normalized
constant for a fixed value, 61, it is unlikely that a particular
aberrant response pattern produced by an individualtwhose achievement
level is 64 will affect the denominator.

Thus, it is natural to expect that if both the quantities are replaced
by the inner products of the two row vectors (Yij) and (y.j) for j=1,
25¢0¢y N, the values of Cljy will be affected by the degree of anomaly of
individual response patterns. Moreover, calculation of inner products
is easier than that of covariances. Let us define four other natural
extentions of the Caution index as follows.

Definition. Four alternative definitions of the extended caution

index for person i are:

n
Z y14Y.3
C2qy =1 - J=1 '

n P
sa, (by)
21 81 (bg)7.

n
EIY1js§1(SJ)

Cyy=1-

n
jzlc(sj)soi(bj)

A e e e
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3 y346(54)
cay =1 -4 ’
2,58, BeCby)
g y1_1561(|;j)
and c5 = 1 - =] - .
EREE Mk

The denominators of the four indices are considered as normalizing
constants but the characteristics of the numerators will be divided into
two categories. The indices in the first category, C2y and C4; give
measures that are more group dependent, because they are the sums of
cross products of the corresponding elements of the observed vector
(Yij) and the row-sum total vector (y.j), and Group Response Curve G(bj)
respectively. They measure the relationship of an observed response
pattern for a person 1 to a normed variable derived from the group the
person 1 belongs to. Thus these indices have a similiar function to the
Norm Conformity Index, NCI, defined in Tatsuoka & Tatsuoka (1980). The
remaining indices, C3y and C5;, are more individually oriented. That
means the quantities obtained from C3; and C5; reflect the extent a
person i’s response pattern (Yij) relates to a theoretically derived PRC
at the fixed level of 65. Thus, it can be said that the indices C3; and
C54 are similar to the Individual Consistency Index (Tatsuoka &
Tatsuoka, 1980).

These extended caution indices for person i will be easily altered

to those for item §. N

I yiq v1.
TR,

N -~

CZJ- 1 -

Cr R

Lo g
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N -~
y14 Pp,(04)
&7 ™

C3j=l-N - N !
131P5j(01)T(91)
g Yij T(8y)
Chy=1- 1;1 — ’
131P5j(91)T(91)
§Y1j ij(éi)
and 55 =1 - i=] .

N -~
3 T(84)
1=1Y1j 1

Similarly, the indices C3j and CSJ are potentially useful for detecting
anomalous response patterns in comparison with item j’s IRC while C2j
and CAJ are potentially useful indices for purposes of identifying items
of which patterns deviate from that of test, TRC.

The Case of Two and Three Parameter Logistic Models

Problems in Person Response Curves and Group Response Curves

Person Response Curves for the one parameter logistic model are

L represented by smooth monotonically decreasing functions defined over
the difficulties of the infinitely many items. But PRC for the two
parameter logistic model 18 no longer a smooth, monotonically decreasing
curve., Figure 5 provides the graph of Person Response Curve for the

ability levels of € = 0 as well as Test Response Curve of the two

parameter logistic model where ability measures 63, i=1,2,...,100, were
randomly sampled from a normal (0,1) distribution, the difficulties bj,
J=1,2,...,100 were also randomly sampled from a normal (0,1)

distribution and the item discrimination indices, ay J=1,...,100, were




PR %

a7 e .~

21

drawn from the uniform distribution of the interval (0.8, l). Test
Response Curve, Person Response Curves are given by
n
T(8) = (1/n) 2 Pp.(O)
) = (1/n) 3 Py,
and

Sg,(b) =

1
1+exp[-Da(8,-b)]
for a fixed 6, and variable b

Insert Figure 5 about here

The dotted line (4+4+) in the figure is the Group Response Curve of a
hundred subjects. Although each PRC i{s locally oscillated, especially
around the origin, the GRC (the mean curve of these PRCs) becomes fairly
smooth and almost monotonically decreasing. Since bj, J=1,...100 are
randomly selected from N(0,l1), a larger oscillation of PRC around the
mean 0 is expected. But GRC is expected to be smoother as the number :1#

students and items increase to a larger number.

Insert Figure 6 about here

Figure 6 is the graph of TRC, GRC, PRC of € = 0 for the
three parameter logistic model. The parameters 64, bj and aj were
generated by the same method as that of the two parameter model then
fifty C-values of 0.15, and 50 of 0.20 were randomly assigned to
100 pairs of a4 and bj to make the three parameter logistic model.

It seems that the smoothness of the curve GRC for three parameter
logistic model is about the same, differing only as expected in terms of
the lower asymptote. A larger number of subjects will be needed for the
three parameter case in order to obtain smoother GRC.

The definition of the extended caution indices may be applied more

generally to the two and three parameter logistic models in essentially

NEPRN R N
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the same manner as it was develoed for the one parameter model.

Note that the arrangement of rows and columns according to the
orders of the proportion, corrects (p values) for n items and the total
scores for N subjects is essential to determine S-P curves, and the
values of MP and M%, i=1,2,...,N, j=1,...,n. With our extended caution
indices, the arrangements of rows and columns in monotonic order of the
probability are no longer necessary.

Application of New Indices for the Detection of Anomalous Responses.

There is evidence that student errors on certain types of arithmetic

problems are frequently quite systematic (Brown and Burton, 1978;
Birenbaum and Tatsuoka, 1980 Davis, McKnight, 1980). That is, students
seem to consistently apply erroneous algorithms in attempting to answer
a problem of a particular form. Sometimes erroneous or incomplete rules
result in the right answer. For example, a student who consistently
treats a multiplication sign as if it were an addition sign would get
the right answer to the problem 2 x 2 = 4, but would get it for the
wrong reason. A score of zero for using the wrong operation would be a
better reflection of the student’s ability to multiply than a score of

one for answering "4" to the item.

Birenbaum and Tatsuoka (1980) have demonstrated that the customary gzero-
one scoring of incorrect and corrent answers can give the appearance of
higher dimensionality and cause difficulty in attempting to apply IRT when
students consistently apply erroneous rules to the addition and subtraction
of signed numbers. The difficulties result from the fact that several erroneous
rules frequently yield the right answer for some problems. Right answers

for the wrong reasons not only cause problems in applying IRT, but more
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importantly they can result in misleading scores and make it difficult to
diagnose what a student is doing wrong.

By painstaking work Tatsuoka and her colleagues (Birenbaum and
Tatsuoka, 1980; Birenbaum, 1981) were able to identify several erroneous
rules that were consistently applied by certain students. Birenbaum and
Tatsuoka (1980) reanalyzed their data after converting ones to zeroes
for items that students got right for the wrong reasons. That is, an
item acore was changed from one to zero if (1), a student was identified
as congistently applying an erroneous rule and (2) application of that
erroneous rule would lead to the correct answer for the particular item
in question. Analysis of the resulting modified data indicated that the
data were more nearly unidimensional and there was good evidence that
IRT was more applicable to the modified data than to the original data.

Anomalous response patterns can sometimes be found by conducting an
intuitive error analysis or by clinical interviews. Both approaches
require enormous effort, Brown and Burton (1978) and Tatsuoka et al.
(1980) have developed cumputerized approaches to error analysis. But
these methods are expensive and were based on extensive work with highly
specific item content.

Tatsuoka and Tatsuoka (1981) demonstrated an index, called the
individualized consistency index (ICI) which was shown to be useful in
detecting a variety of erroneous rules of operation of signed-number
addition and subtraction problems. Using the ICI to detect examinees
who are apt to have a misconception saves considerable effort because
only examinees so identified have their item responses routed to the

detailed error-diagnostic system. Application of the ICI is limited,

o i g
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however, because it requires repeated measures, i.e., several items
based on an identical item form, within the test, Such repetition is
not common on most tests.

As will be seen below, the index similar to ICI, C34, not only
avoids the repeated measure limitation but is apparently more effective
for purposes of detecting anomalous response patterns resulting from the
consistent application of an erroneous rule., Tatsuoka & Tatsuoka
(1981) showed a list of erroneous rules of operation ("bugs") detected
by ICI. The 32 response patterns resulting from these bugs are
classified in Group A, The rest of the 103 response patterns are
classified into two groups according to the error-diagnostic system, SIGNBUG.
Group B coneists of 7 responses which are probably using one or two
erroneous rules inconsistently; Group C, responding adequately using the
right rule of operation and/or no indication of systematic errors. The
errors observed in Group C are apparently just random errors. The
estimated item and person ability parameters needed to compute the
extended caution indices were obtained by the computer program GETAB
(Robert Baillie, 1979), using Birenbaum & Tatsuoka’s modified dataset.

Distributions of the indices C24 and C3y are displayed in Figures 6
and 7 respectively. Only members of groups A and B (persons who
consistently used an erroneous rule) and of group C (persons who made a
substantial number of errors but whose errors were not the result of
consistent use of an erroneous rule) are included in the distributions
shown in Figures 6 and 7, In both figures, persons in group A and B are

depicted by shaded boxes and those in group C by unshaded boxes.
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Insert Figures 7 and 8 about here

As can be seen in Figure 6, C2; does not provide any basis for
distinguishing persons who are consistently using an erroneous rule from
those who aren’t. The two groups are distinguished almost perfectly,
however,qby the magnitude of C3; (see Figure 7). Indeed, there is
almost no overlap between the two groups. All 39 members of Groups A and B
have values of C3f of .05 or higher whereas only two of the 88 members
of group C have positive values of C3; and the rest of the members of
group C have values of C3; as large as .05. Thus, C3; may be used to
identify with a high degree of accuracy those persons who consistently
use an erroneous rule.

As might be expected from a comparison of the coefficients, Céy
works in a fashion quite similar to C2;5, and C5f works much like C3; in
terms of the abiliy of these indices to distinguish members of groups A,
B and C., It is clear that C2; and C4y are not useful for detecting
anomalous response patterns resulting from consistent application of an
erroneous rule. These indices may be useful for other tasks for which
NCI or Van de Flier’s index (Harnisch & Linn, 198]1) have been found to

be useful. The third and fifth indices (C3; and C5;) however, are quite

effective for purposes of detecting persons who make consistent errors,

Insert Table 4 about here

Table 4 shows a summary of t-statistics comparing the means on the
four generalized caution indices and ICI in the two groups: A and B

combined versus C by itself. The t-value for index 2 is not significant
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Table 4

A Summary of t-statistics Comparing the Maans on the

Four Generalized Caution Indices and ICI in the Two Groups

Indices Group A & B Group C t-value P
N 39 88

Index 2 ifean -.0170 -.0065

S.D. .0929 -0306 .689 .4980

S.D. 2444 «1300 -19.293 < ,00005
Index 4 Mean .0650 -.0045

s.D. .1237 .0293 ~3.466 <,0015
Index 5 }han 05091 --2643

S.D. «2615 .1350 -17.467 < ,00005
ICI Mean »9223 «8144

s.D. .0645 .1058 -7.121 < .00005
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but all others are significant., Index 1 is excluded in the analysis
because the denominator of this index becomes infinity when all items
are correctly answered by all examinees.

Discussion

As was shown above, the caution index which Sato developed based
solely on a comparison of observed item responses to group responses can be
readily extended to theory based estimates of person and group response
probabilities. The caution index 18 a linear transformation of the
covariance of a person’s response pattern with one or another
theoretical curves computed using item-response theory. Alternatively,
the extended caution indices may be viewed as linear transformations of
the distance bewteen a person’s response pattern and a theoretical curve
(either the person response curve, as in the case of C3j and C554 or the
group response curve, as in the case of C4j).

The application of the extended caution indices that were
introduced in this paper provided strong evidence that the indices that
depend on the distance between a person’s response pattern and their
theoretical person response curve (f.e., C3j and C5;) are quite
effective for purposes of identifying persons who consistently use an
erroneous rule in answering signed-number arithmetic problems. This 1is
a potentially important result that deserves further investigation with
other data sets involving different types of achievement test data. If
additional research yields similar results, these indices may have
considerable instructional utility because instruction can be made much
more specific once it is determined that a student is consistently

making an error as the result of a particular misconception,

B s s s e m e e ——— s




[

I3

32

References

Birenbaum, M. Error Analysis -— it does make a difference, Doctoral
Digsertation, University of Illinois at Urbana=-Champaign, 1981.

Birenbaum, M., & Tatsuoka, K. K. The use of information from wrong
responses in measuring students’ achievement (Research Report 80-1).
Urbana, Ill.: University of Illinois, Computer-based Education

Research Laboratory, 1980.

Brown, J. S., & Burton, R. R, Diagnostic models for procedural bugs
in basic mathematics skills. Cognitive Science, 1978, 2, 155-192.

Davis, R. B., & McKnight, C. The influence of gemantic conteat on
algorithmic behavior. The Journal of Mathematical Behavior, 1980, 3, 39-87.

Harnisch, D. L., & Linn, R. L. Analysis of item response patteras:
questionable test data and dissimilar curriculum practices.
The Journal of Educational Measurement, 1981, in press.

Levine, M. V., & Rubin, D. B. Measuring the appropriateness of
multiple-choice test scores. Journal of Educational Statistics,

1979, &, 269-290.

Lord, F. M. Application of item response theory to practical testing
problems. Hillsdale, N.J.: Erlbaum, 1980.

Lord, F. M., & Novick, M. R. Statistical theories of mental test
scores. Reading: Addison-Wesley, 1968.

Lumsden, J. Tests are perfectly reliable. British Journal of Mathe-
and Statistical Psychology, 1978, 31, 19-26.

Sato, T. The construction and interpretation of S-P tables.
Tokyo: Meiji Tosho, 1975 (in Japanese).

Tatsuoka, K. K., & Tatsuoka, M. M. Detection of aberrant response

patterns and their effect on dimensionality (Research Report 80-4).

Urbana, Ill.: University of Illinois, Computer-based Education
Research Laboratory, 1980.

Tatsuoka, K. K., & Tatsuoka, M. M. Spotting erroneous rules of

operation by the Individual Consistency Index (Research Report 81-4).

Urbana, I1l.: University of Illinois, Computer-based Education
Research Laboratory, 1981.

Tatsuoka, K. K., Birenbaum, M., Tatsuoka, M. M., & Baillie, R. A psycho-
metric approach to error analysis on response patterns (Research
Report 80-3), Urbana, Ill.: University of Illinois, Computer-based
Education Research Laboratory, 1980.




33

Trabin, T. E., & Weiss, D. J. The person response curve: fit of
individuals to item characteristic curve models (Research
Report 79-7). Minneapolis: University of Minnesota, Department
of Psychology, Psychometric Methods Program, 1979,

Wright, B. D., & Stone, M. H. Best test design, Rasch Measurement.
Chicago: The University of Chicago, Mesa Press, 1979.




Distribution List

Navy Navy

1 CAPT Richard L., Martin, USN
! :eryl S. Baker Prospective Commanding Officer
PRDC USS Carl Vinson (CVN-70)
Code P309 Newport News Shipbuilding and Drydock Co
San Diego, CA 92152 Newport News, VA 23607

1 Dr. Jack R. Borsting
Provost & Academic Dean
U.S. Naval Postgraduate School
Monterey, CA 93940

1 Dr. James McBride
Navy Personnel R&D Center
San Diego, CA 92152

1 Dr William Montague

1 Dc:éenﬁb;:: Breaux Navy Personnel R&D Center
E v 2152
NAVTRAEQUIPCEN San Diego, CA 9215

Orlando, FL 32813 1 Ted M. I. Yellen

Technical Information Office, Code 201
NAVY PERSONNEL R&D CENTER
SAN DIEGO, CA 92152

1 Chief of Naval Education and Training
Liason Office
Air Force Human Resource Laboratory
Flying Training Division

1 Library, Code P201L
WILLIAMS AFB, AZ 85224 Navy Personnel R&D Center
1 CDR Mike Curran San Dlego, CA 92152
gggice ofiNaval Research 6 Commanding Officer
oo N. Quincy st. Naval Research Laboratory
e 270 Code 2627
Arlington, VA 22217

Washington, DC 20390
1 DR. PAT FEDERICO

NAVY PERSONNEL R&D CENTER 1 Psychologist
ONR Branch Office
SAN DIEGO, CA 92152 g e e
1 Mr. Paul Foley 666 Summer Street

1
Navy Personnel R&D Center Boston, MA 02210

San Diego, CA 92152 1  Psychologist

ONR West
1 Dr. John Ford 1030 East Green St.
Navy Personnel R&D Center Pasadena, CA 91106

San Diego, CA 92152

1 Office of Naval Research
(442 PT)
800 N. Quincy Street
Arlington, VA 22217

1 Dr. Norman J. Kerr
Chief of Naval Technical Training
Naval Air Station Memphis (75)
Millington, TN 38054

h Pro
1 Dr. William L. Maloy S Personnel & Training Research Programs

, ' (442 PT)

; Principal Civilian AMdvisor for Of fice of Naval Research
Education and Training Arlington, VA 22217

Naval Training Command, Code 00A )

i Pensacola, FLL 32508

AP VR




Navy Navy

Psychologist 1 Dr. Robert Wisher

ONR Branch Office Code 309 .-

1030 East Green Street Navy Personnel R&D Center
Pasadena, CA 91101 San Diego, CA 92152
Office of the Chief of Naval Operations 1 DR. MARTIN F. WISKOFF
Research Development & Studies Branch NAVY PERSONNEL R& D CENTER

(0P-115) SAN DIEGO. CA 92152

Washington, DC 20350 Army
LT Frank C. Petho, MSC, USN (Ph.D)
Selection and Training Research Division
Human Performance Sciences Dept.

Naval Aerospace Medical Research Laborat
Pensacola, FL 32508

1 Technical Director
U. S. Army Research Institute for the
Behavioral and Social Sciences
5001 Eisenhower Avenue

Dr. Bernard Rimland (03B) Alexandria, VA 22333
Navy Personnel R&D Center ’
san Dieso' CA 92152 1 Dr. katrice Jo Fa!‘r

U. S. Army Research Institute
5001 Eisenhower Avenue

Dr. Worth Scanland, Director Alexandria, VA 22333

Research, Development, Test & Evaluation
N-5

Naval Education and Training Command
NAS, Pensacola, FL 32508

1 Dr. Myron Fischl
U.S. Army Research Institute for the
Social and Behavioral Sciences

Dr. Robert G. Smith i201 E;s:nho;:rzggggue
Office of Chief of Naval Operations exandria,
Nashiog 1 Dr, Dexter Fletcher
Washington, BC 20350 U.S. Army Research Institute
Dr. Alfred F. Smode 5001 E:sinhz:eSZAvenue
Training Analysis & Evaluation Group Alexandria, 333

(TAEG)

1 Dr. Michael Kaplan

Dept. of the Navy
Orlando, FL 32813 U.S. ARMY RESEARCH INSTITUTE

5001 EISENHOWER AVENUE

Dr. Richard Sorensen ALEXANDRIA, VA 22333

Navy Personnel R&D Center

San Diego, CA 92152 1 Dr. Milton S. Katz

Training Technical Area

U.S. Army Research Institute
2Zée"§3°5§ Heltanan 5001 Eisenhower Avenue
De Alexandria, VA 22333
partment of Administrative Sciences
:;niérzzvaékpgggﬁ;aduate School 1 Dr. Harold F. O'Neil, Jr.
' Attn: PERI-OK
Mr John H. Wolfe Army Research Institute
Code P310 5001 Eisenhower Avenue
U. S. Navy Personnel Research and Alexandria, VA 22333
Development Center
San Diego, CA 92152 1 Mr. Robert Ross

U.S. Army Research Institute for the
Social and Behavioral Sciences

5001 Eisenhower Avenue

Alexandrias, VA 22333

PP




Alr Force

1 Air Force Human Resources Lab
AFHRL/MPD
Brooks AFB, TX 78235

1 U.S. Air Force Office of Scientific
Research
Life Sciences Directorate, NL
Bolling Air Force Base
Washington, DC 20332

1 Dr. Earl A. Alluisi
HQ, AFHRL (AFSC)
Brooks AFB, TX 78235

) Dr. Genevieve Haddad
Program Manager
Life Sciences Directorate
AFQOSR
Bolling AFB, DC 20332

1 Research and Measurment Division
Research Branch, AFMPC/MPCYPR
Randolph AFB, TX 78148

) 1 Dr . Malcolm Ree
AF HRL/MP
Brooks AFB, TX 78235

1 Dr. Marty Rockway
Technical Director

AFHRL(OT)
Willlams AFB, AZ 58224

Army

1 Dr. Robert Sasmor

U. S. Army Research Institute for the

Behavioral and Social Sciences
5001 Eisenhower Avenue
. Alexandria, VA 22333

1 Dr. Frederick Steinheiser
. Dept. of Navy
Chief of Naval Operations
OP-113
Washington, DC 20350

1 Dr. Joseph Ward
U.S. Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

A T AN TRt o retsipson s - - . R

Marines

H. William Greenup
Education Advisor (E031)
Education Center, MCDEC
Quantico, VA 22134

Major Howard Langdon

Headquarters, Marine Corps

OTTI 31

Arlington Annex

Columbia Pike at Arlington Ridge Rd.
Arlington, VA 20380

Director, Office of Manpower Utilization
HQ, Marine Corps (MPU)

BCB, Bldg. 2009

Quantico, VA 22134

Headquai'ters. U. S. Marine Corps
Code MPI-20
Washington, DC 20380

Special Assistant for Marine
Corps Matters

Code 100M

Of fice of Naval Research

800 N. Quincy St,

Arlington, VA 22217

Major Michael L. Patrow, USMC
Headquarters, Marine Corps
(Code MPI-20)

Washington, DC 20380

DR. A.L. SLAFKOSKY

SCIENTIFIC ADVISOR (CODE RD-1)
HQ, U.S. MARINE CORPS
WASHINGTON, DC 20380

CoastGuard

Chief, Psychological Reserch Branch
U. S. Coast Guard (G-P-1/2/TP42)
Washington, DC 20593

‘Dr, Thomas A. Warm
U.S. Coast Guard Institute
P.0. Substation 18
Oklaiioma City, Ok 73169




S ————

’ Civil Govt

1 Dr. Susan Chipman
lLearning and Development
National Institute of Educatio
1200 19th Street NW
Washington, DC 20208

1 Dr. Andrew R. Molnar
Science Education Dev.
and Research
National Science Foundation
Washington, DC 20550

1 Dr. Joseph Psotka
National Institute of Education
1200 19th St. NW
Washington,DC 20208

1 Dr. Vern W. Urry
Personnel R&D Center
| Office of Personnel Management
1900 E Street NW
N Washington, DC 20415

1 Dr. Joseph L. Young, Director
Memory & Cognitive Processes
National Science Foundation
Washington, DC 20550

Other DoD

12 Defense Technical Information Center
Cameron Station, Bldg S
Alexandria, VA 22314
Attn: TC

1 Dr. William Graham
Testing Directorate
MEPCOM/MEPCT-P
Ft. Sheridan, IL 60037

1 Military Assistant for Training and
Personnel Technology
Office of the Under Secretary of Defense
for Research & Engineering
Room 3D129, The Pentagon
Washington, DC 20301

1 Dr. Wayne Sellman
Office of the Assistant Secretary
of Defense (MRA & L)
28269 The Pentagon
Washington, DC 20301

1 DARPA

1400 Wilson Blvd.
Arlington, VA 22209

-

-

Non Covt

Dr.James Algina
University of Florida
Gainsville, F1 32611

Dr. Erling B. Andersen
Department of Statistics
Studiestraede 6

1455 Copenhagen

DENMARK

Dr. John Annett
Department of Psychology
University of Warwick
Coventry CV4 TAL
ENGLAND

1 psychological research unit
Dept. of Defense (Army Office)
Campbell Park Offices

Canberra ACT 2600, Australia

Dr. Isaac Bejar
Educational Testing Service
Princeton, NJ 08450

Dr. Werner Birke

DezWPs im Streitkraefteamt
Postfach 20 50 03

D-5300 Bonn 2

WEST GERMANY

L.iaison Scientists

Office of Naval Research,
Branch Office , London

Box 39 FPO New York 09510

Dr. Robert Brennan

American College Testing Programs
P. 0. Box 168

Iowa City, IA 52240

DR. C. VICTOR BUNDERSON
WICAT INC.

UNIVERSITY PLAZA, SUITE 10
1160 SO. STATE ST.

OREM, UT 84057

Dr. John B. Carroll
Psychometric Lab
Univ. of No. Carolina
Davie Hall 013A
Chapel Hill, NC 27514

Dr. Deboraii Coates
Catholic University
620 Michigan Ave. NE
Washington D.C. 20064

PRGN Y
PO o R




o e et et s+ s+ o e

Dr. Menucha Birenbaum
School of Education

Tel Aviv University

Ramat Aviv P.O0. Box 39040
Tel Aviv 69978

Israel

Dr. Norman Cliff

Dept. of Psychology
Univ. of So. California
University Park

Los Angeles, CA 90007

Dr. William E. Coffman
Director, Iowa Testing Programs
334 Lindquist Center
University of Iowa

Iowa City, IA 52242

Dr. Allan M. Collins

Bolt Beranek & Newman, Inc.
50 Moulton Street
Cambridge, Ma 02138

Dr. Meredith P, Crawford

American Psychological Association
1200 17th Street, N.W.
Washington, DC 20036

Dr.,Fritz Drasgow

Yale School of Organization and Manageme

Yale University
Box 1A
New Haven, CT 06520

Dr. Leonard Feldt

Lindquist Center for Measurment
University of Iowa

Iowa City, IA S2242

Dr. Richard L. Ferguson

The American College Testing Program
P.O, Box 168

JIowa City, IA 52240

Dr. Victor Fields
Dept. of Psychology
Montgomery College
Rockville, MD 20850

Univ. Prof. Dr. Gerhard Fischer
Liebiggasse 5/3

A 1010 Vienna

AUSTRIA

Dr. Delwyn ilarnisch
ICBD

University of Illinois
51 Gerty Drive
Champaign, Il 61801

Dr. Paul A. Games
403D Carpenter
University Park, PA 16802

Professor Donald Fitzgerald
University of New England
Armidale, New South Wales 2351
AUSTRALIA

Dr. Edwin A. Fleishman

AMvanced Research Resources Organ.
Suite 900

4330 East West Highway
Washington, DC 20014

DR. ROBERT GLASER

LRDC

UNIVERSITY OF PITTSBURGH
3939 O'HARA STREET
PITTSBURGH, PA 15213

Dr. Bert Green .
Johns Hopkins University
Department of Psychology
Charles & 34th Street
Baltimore, MD 21218

Dr. Ron Hambleton

School of Education
University of Massechusetts
Amherst, MA 01002

Dr. Chester Harris
School of Education
University of California
Santa Barbara, CA 93106

Dr. Lloyd Humphreys
Department of Psychology
University of Illinois
Champaign, IL 61820

Library

HumRRO/Western Division
27857 Berwick Drive
Carmel, CA 93921

Dr. Steven Hunka
Department of Education
University of Alberta
Edmonton, Alberta
CANADA

Dr. Paul Holtzman
Decision Systems
MFIL

100 S. Wacker Drive
Cuicago, IL 60606

D TR O N O 7S, TN YU



Dr. Walter Bogan
4615 N, Park Ave, apt. 1611
Chevy Chase, MD 20015

Dr. Earl Hunt

Dept. of Psychology
University of Washington
Seattle, WA 98105

Dr. Jack Hunter
2122 Coolidge St.
Lansing, MI 48906

Dr. Huynh Huynh

College of Education
University of South Carolina
Columbia, SC 29208

Professor John A. Keats
University of Newcastle
AUSTRALIA 2308

Mr. Marlin Kroger
1117 Via Goleta
Palos Verdes Estates, CA 90274

Dr. Michael Levine

Department of Educational Psychology
210 Education Bldg.

University of Illinois

Champaign, IL 61801

Dr. Charles Lewis

Faculteit Sociale Wetenschappen
Rijksuniversiteit Groningen
Oude Boteringestraat 23

9712GC Groningen

Netherlands

Dr. Robert Linn
College of Education
University of Illinois
Urbana, IL 61801

Dr. Frederick M. lord
Educationsl Testing Service
Princeton, NJ 08540

Dr. Gary Marco
Educational Testing Service
Princeton, NJ 08450

Dr. David McArthur

CSE 145 MOOR Hall

ucLA

Los Angeles, CA 90024

Harry McMahon

Miami~Dade Community College
District Administration
11011 S.W. 104 Street
Miami, Florida 33176

Dr. Scott Maxwell
Department of Psychology
University of Houston
Houston, TX 77004

Dr, Samuel T. Mayo

floyola University of Chicago
820 North Michigan Avenue
Chicago, IL 60611

pr. Melvin R. Novick

356 Lindquist Center for Measurment
University of lowa

Iowa City, IA 52242

Dr. Jesse Orlansky
Institute for Defense Analyses
400 Army Navy Drive
Arlington, VA 22202

Wayne M. Patience

American Council on Education
GED Testing Service, Suite 20
One Dupont Cirle, NW
Washington, DC 20036

Dr, James A. Paulson
Portland State University
P.0. Box 751

Portland, OR 97207

MR, LUIGI PETRULLO
2431 N. EDGEWOOD STREET
ARLINGTON, VA 22207

DR. DIANE M. RAMSEY-KLEE
R-K RESEARCH & SYSTEM DESIGN
3947 RIDGEMONT DRIVE

MALIBU, CA 90265

MINRAT M. L. RAUCH

PIIN

BUNDESMINISTERIUM DER VERTEIDIGUNG
POSTFACH 1328

D-53 BONN 1, GERMANY

Dr. David Miller

Craduate School of Education
UCLA

Los Angeles, CA 90024

Dr. Anthony J. Nitko

School of Education

Division of Educational Studies
University of Pittsburgh

$C03 Forbes Quandrangle
Pictsburgh, PA 15260




»e

Dr. Mark D. Reckase
Educational Psychology Dept.
University of Missouri-Columbia
4 Hill Hall

Columbia, MO 65211

Dr. Lauren Resnick

LRDC

University of Pittsburgh
3939 O'Hara Street
pittsburgh, PA 15213

Dr. Leonard L. Rosenbaum, Chairman
Department of Psychology
Montgomery College

Rockville, MD 20850

Dr. Ernst 2. Rothkopf
Bell Laboratories
600 Mountain Avenue
Murray Hill, NJ 07974

Dr. Lawrence Rudner
403 Elm Avenue
Takoma Park, MD 20012

Dr. J. Ryan

Department of Education
University of South Carolina
Columbia, SC 29208

PROF. FUMIKO SAMEJIMA
DEPT. OF PSYCHOLOGY
UNIVERSITY OF TENNESSEE
KNOXVILLE, TN 37916

DR. ROBERT J. SEIDEL

INSTRUCTIONAL TECHNOLOGY GROUP
HUMRRO

300 N. WASHINGTON ST.

ALEXANDRIA, VA 22314

Dr. Kazuo Shigemasu
University of Tohoku

Department of Educational Psychology

Kawauchi, Sendai 980
JAPAN

Paul Holtznman
Decision Systens
1

100 S. Jacker Drive
Caicago, 1L 67606

Evelyn Doody
P.0. Box 1713
Seaside, CA 93935

Dr. Drew Malizio

American Council on Education
No. 1 Pont Circle, F20
Washington D.C. 20036

Dr. Edwin Shirkey

Department of Psychology
University of Central Florida
Orlando, FL 32816

Dr. Richard Snow

School of Education
Stanford University
Stanford, CA 94305

Dr. Robert Sternberg
pDept. of Psychology
Yale University

Box 11A, Yale Station
New Haven, CT 06520

DR. PATRICK SUPPES

INSTITUTE FOR MATHEMATICAL STUDIES

THE SOCIAL SCIENCES
STANFORD UNIVERSITY
STANFORD, CA 94305

Dr. Hariharan Swaminathan
Laboratory of Psychometric and
Evaluation Research

School of Education
University of Massachusetts
Amherst, MA 01003

Dr. Brad Sympson
Psychometric Research Group
Educational Testing Service
Princeton, NJ 08541

Dr. David Thissen
Department of Psychology
University of Kansas
Lawrence, KS 66044

Dr. Robert Tsutakawa
Department of Statistics
University of Missouri
Columbia, MO 65201

Dr. Howard Wainer

Division of Psychological Studies
Educational Testing Service
Princeton, NJ 08540

DR. SUSAN E. WHITELY
PSYCHOLOGY DEPARTMENT
UNIVERSITY OF KANSAS
LAWRENCE, KANSAS 66044

Wolfgang Wildgrube
Streitkraefteamt
Box 20 50 03
D-5300 Bonn 2

Dr. Steven Wise

Dapt. of Guidance &Educ. Psych.
- Southern Illinois Universicy
Carbondale, Il 62901

IN



END

DATE
FILMED




