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block m sbsr)

~fhree computer programs are described for scoring test response data using
item characteristic curve (ICC) or latent trait models. The rationale and
mathematical basis of both maximum likelihood and Bayesian ICC scoring
methods are presented , as veil as some data comparing the two methods of

~~ scoring. The three computer programs are designed for scoring conventional
(linear) test data (LINDSCO) in dichotomous response format, adaptive test
dichotomous data (ADADSCO), and conventional (linear) test data scored by
polychotomous ICC models (LINPSCO). Options available in these three general
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COMPUTER PROGRAMS FOR ScoRING TEST DATA WITH

ITEM CHARACTERISTIC CURVE MODELS

Although latent trait test theory, or item characteristic curve (ICC)
theory, has been developing since Lawley’s (1943) paper more than 30 years ago,
applications of the theory have appeared only recently. However, there are
indications that latent trait test theory is beginning to reach the practitioner
who is concerned with test development and usage in a~sp1ied settings . This is
evidenced,not only by the increasing number of journal articles concerned with
latent trait test theory (e.g., the summer 1977 special issue of the Journal of
Educational Measurement on applications of latent trait models) and in
presentations and training sessions at professional meetings , but also by its
application in adaptive (Weiss, 1976) or tailored (Lord, 1970) testing .

A potential disadvantage of latent trait test theory is that its use
often involves complex computational procedures. To apply ICC models to the
development of tests and their scoring, the psychometrician must be able to
estimate the ICC parameters of the items in the test ,and then use them in
conjunction with the response data of a new group of testees in order to estimate
their trait scores (e.g., ability or achievement levels). A number of compu—

— ter programs are available for estimating ICC item parameters (these are
summarized in Appendix Table A). However, there appeared to be no general
programs available for scoring test data with ICC models when item parameter
estimates were available from previous data sets. This report describes
several programs designed to meet this need.

An Introduction to Test Scoring

The problem of test scoring can be conceptualized as the process of
summarizing a testee ’s answers to a set of test questions into a single number
in such a way that the score will be indicative of the testee’s position on the
trait being measured by the test. The most common test scoring strategy is to
add the number of correct answers and to transform the score into some type of
standard score or percentile to add interpretability. Historically , the number—
correct score has been used because it is easy to calculate, and in preY-computer
days this was an essential requirement of a test scoring procedure. As a
general procedure for scoring tests of ability and achievement , however, the
number—correct score has several deficiencies.

Inadequacies of the Nz~nber-Correot Score

One major problem with the number—correct score is that it is possible
for the same number—correct score to be obtained in several different ways;
that is, several response patterns can result in the same number—correct score.
If the items in a test are all of equal difficulty and discrimination, and
therefore are essentially replicates of each other, this will have little
effect on the number—correct score, since different response patterns among
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replicate items are of little consequence. But it is a very rare test——and
one which would have little general measurement utility——which would have items
that are all replicates of each other with regard to difficulty and discrimi-
nation.

When test items differ with respect to difficulty or discrimination, they
are no longer replicates. Under these circumstances, different patterns of
response to the same set of items convey different Information with regard to
a testee’s trait level. The testee who correctly answers only five very
difficult items in a test is likely of higher ability than the testee who
correctly answers only five very easy items in the same test. Although the
total number—correct score Is the same for these two testees, their trait
level estimates derived from latent trait or ICC theory will differ. An
additional unattractive feature of the number—correct score is the fact that
the number of possible scores is determined by the number of items Ia the test.
Thus, if a test consists of only 10 items, only 10 unique scores are possible.
Although this may be sufficient In some applications, in others it might be
desirable to obtain a finer gradation of scores.

The inadequacy of the number—correct score as a general test—scoring
procedure is most obvious when considering how to score responses of testees
who have been administered different sets of items, as in adaptive or tailored
testing. In these kinds of tests, number—correct scores are completely
inappropriate, since different testees will receive items of different diff i—
culties and discriminations as well as different numbers of items in an adap-
tive test. In addition, the proportion of correct responses obtained by all
testees will be approximately the same In a well—designed adaptive test (e.g.,
Weiss, 1975).

ICC-Based Scoring

The scoring programs described In this report use considerably more
refined approaches than a mere adding of correct answers and are usable for
scoring both conventional and adaptive test data. This refinement is possible
because ICC theory makes very explicit specifications about the relationship
between performance on a test item and the testee ’s positicn on the trait , 0.
This relationship is referred to as the item characteristic curve (ICC; Lord &
Novick, 1968) when the items are scored into two categories (correct or
incorrect) or, when there are more than two score categories, as the operating
characteristic ~u~~tion (Samej ima, 1969).

In the context of latent trait test theory, scoring may be conceptualized
as finding the value of 0 (i.e., the trait being measured) most “compatible ,”
in some sense, with a given pattern of responses to the test items, given the
ICC item parameters for each item answered . For maximum likelihood scoring ,
the score associated with a given response vector is that value of 0 for which
the likelihood of the response vector is max imum. For Bayesian scoring , the

~~~~~ score is usually either the value of 0 that minimizes the mean squared differ—
ence between the estimated 0 and the “true” 8, or the value of 0 that is most
probable given the observed responses.

Maximum likelihood scoring. The details of the maximum likelihood scoring
procedure are presented below. However, a conceptual explanation based on two
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dichotomously scored test items will serve to explicate its rationale.

Figure 1 shows response probability curves for two test items——Item 1,
which was answered correctly (resulting in an ICC plot of the probability of
a correct response), and Item 2, which was answered incorrectly (resulting in
a descending plot of the probability of an incorrect response, or 1 minus the
ICC). The ICC curves for the two items are described by three parameters:
(1) diff iculty, b , which is the location of the ICC on the trait (0) contin-
uum at the point of maximum slope of the ICC (b=— .5 for Item 1 and .75 for
Item 2); (2) their discrimination, a, which is proportIonal to the slope of
the ICC atb (a=.8 for Item 1 and 1.4 for Item 2); and (3) “guessing ,” c, the
lower asymptote of the probability of a correct response at 0 — ~ (c= .l6 for
Item 1 and l— .78= .22 for Item 2).

Figure 1
Response Probabil:tty Plots for a Correctly Answered Item (Item 1)

and an Incorrectly Answered Item (Item 2)

~~~~~~~~~~~ 

Item 1 Er 1(e) )

>~ 8O 2 t Q 2 ( 8 ) 1 8

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

Trait Level (0)

The first step in maximum likelihood scoring consists of determining the
likelihood of the response pattern (correct response to Item 1 and incorrect
response to Item 2). Assuming local independence, which means that responses
to the test items have nothing in common except their relationship to the
underlying trait, 0, the likelihood of a response pattern at any value of 8
can be determined by multiplying the separate probabilities of the responses
in the response pattern for that value of 0. The value of 0 for which the
likelihood is maximum is the maximum likelihood estimate of 0.

Conceptually , this can be illustrated with the ICCs in Figure 1 by using
discre te values of 0, such as those shown in Table 1. For example, at 0——1 .O ,
the probability of a correct response to Item 1 (scored as 1) is .442 and the 
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probability of an incorrect response to Item 2 (scored as 0) is .768; multiply-
ing these values gives the likelihood of the [1,0] response pattern as .340.
At 8 +1.O, the probability of a correct response [1] to Item 1 is .903 and the
probability of an incorrect response to Item 2 is .277; the likelihood of the
[1,0] response pattern is therefore .250. Similarly , at 0—0.0, the probability
of a correct response to Item 1 is .718 and the probability of an incorrect
response to Item 2 is .668, resu’ting in a likelihood for the [1,0] response
pattern of .479. This process of computing likelihoods for the [1,0] response
pattern can be repeated for a large number of values along the 0 continuum.

Table 1
Probability of a Correct Response to
Item 1 [P1(0)] and Probability of an

Incorrect Response to Item 2 [Q2(0)1 for

Selected Values of 0 (Item 1: a=.8,
b—— .5 , c— .16; Item 2: a—l .4 , b=.75,
c= .22) ,  and Values of the Likelihood

Function [L( 0)]

0 P1(0) Q2(~) L(0)

—3.0 .187 . 780 .146
—2.5  .212 .780 - .165
— 2 . 0  .257 .779 .200
—1.5 .332 .776 .257
—1.0 .442 .768 .340

.5 .580 .742 .430
0.0 .718 .668 .479

.5 .828 .503 .416
1.0 .903 .277 .250
1.5 .948 .112 .106
2.0 .973 .038 .037
2.5 .986 .012 .012
3.0 .993 .004 .004

The result of computing likelihoods for all possible values of 0 based
on the response pattern and the relevant ICCs can be a plot of the likelihood
values as a function of 0. ThIs plot, shown as a solid curve in Figure 2, is
called a likelihood function. As can be seen, the maximum of the likeliiood
function in Figure 2 occurs at about 0—0.0 (actually .01). Thus, 0 .01 can
be considered the maximum likelihood estimate of 0 associated with the [1,0]
response pattern, given the parameters of the ICCa for the items generating
that response pattern . The maximum likelihood 8 estimate is thus the value
of 0 which maximizes likelihood of the given response pattern for items with
the specified ICCs.

The generalization of the scoring method for more than two items is
straightforward. For each value of 0, the likelihood would be determined by
multiplying the response probabilities for the appropriate ICCa (based on
the specified response pattern) across all items that have been answered.
Thus , for n items , n probabilities would be multiplied at each value of 0 to
obtain the likelihoods. The resultant likelihood values for all values of 0
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could be plotted ; and the maximum of the likelihood function would be used to
identify the value of 0 that gives the observed response pattern the greatest
probability of occurrence.

— Figure 2
Likelihood Function and Bayesian Posterior Density

- 

- 

Function for the [1,0] Response Pattern

t Likelihood Function
0 /

/ Bayesian %
3)

I Poster ior
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-
~~~ .20 /
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.00 - , I I • I I I I I I I I I I I I I I I I I

—3 —2 —l 0 +1 +2 +3

Trait Level (0)

Maximum likelihood scores are Intuitively appealing ; at the same time,
they have a number of optimal statistical character istics , at least asymptotic-
ally ( i .e . ,  when large numbers of items are administered) . Of special
relevance is the fact that as the number of items in the response pattern
increases, It can be shown (Kendall & Stuart, 1961) that maximum likelihood
estimates have minimum variance; and the reciprocal of that variance is known
as the information function of 0. As a consequence, different scores (i.e.,
0 estimates) can have different degrees of accuracy as estimators of 0 (Birnbaum ,
1968 ; Samej ima , 1969) .

Bayesian scoring. Although the numerical details of maximum likelihood
and Bayesian scoring are substantially different , the two method s are
conceptually very similar. Bayesian scores are based on the likelihood
function modified by the prior probability density function of 6. The prior
probability density function describes the assumed distribution of 0 in the
population of individuals to be tested.

To illustrate, call L(0) the likelihood of the response pattern for a
given 8 value. Now call f(0) the prior probability density associated with
that value of 0. The modified likelihood , which may be called ri(0) is then

p (0)—f (0)L (0)/f[f (0)L(0)]dO. [1] 

-: . ~ ~~~~~~~
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Equation 1 is called the posterior probability density function. Just as the
maximum likelihood score is the value of 0 for which L(0) is maximum, one kind
of Bayesian score is the value of 0 for which p(O) is maximum. Such scores
are called Bayes modal estimates by Samejima (1969) because they are based on
the mode of the posterior density function. A different type of Bayesian
estimate is based on the mean of the posterior density function. Owen’s
(1975) Bayesian scoring procedure, which will be described in detail below,
is an example of this approach. In his procedure, the prior probability
densities are provided by a normal density function. Other Bayesian scoring
procedures are also available (Sympson , 1977).

These concepts can be i l lustrated using the likelihoods associated with
the [1 ,01 response pattern discussed earlier. Table 2 shows for  several
values of 0 the probability of a correct response to the f i r s t  Item [P 1 (0)];
the probability of an incorrect response to the second item [Q 2(0)]; the
likelihood of the response pattern [L(0)] (these first three columns correspond
to the data in Table 1); the prior probability densities [f (0) ] ,  which in
this case are ordinates of a normal dist r ibution with mean of zero and standard
deviation of 1; and the posterior density function [p ( O ) ] ,  computed using
Eq uation 1. For these data

J~
f(e)L(o ]dG~.348. [2]

The resulting posterior density function , [p(O)], is shown as the dashed curve
in Figure 2.

Table 2
Respon se Probabilities [P1(0), Q2(0)], Likelihoods [L(0)1,

Weights [w(0)), and ~osterior Density Function [p(0)] for a
Two—Item Response Pattern

0 P~(8) L( 0) f(0) p( O)

—3.0 .187 .780 .146 .004 .002
—2.5 .212 .780 .165 .018 .009
—2.0  .257 .779 .200 .054 .031
—1.5 .332 .776 .257 .130 .096
—1.0 .442 .768 .340 .242 .236
—0.5 .580 .742 .430 .352 .435

0.0 .718 .668 .479 .399 .549
0.5 .828 . 503 .416 .352 .421
1.0 .903 .277 .250 .242 .174
1.5 .948 .112 .106 .130 .040 *

2.0 .973 .038 .037 .054 006
2.5 .986 .012 .012 .018 .001
3.0 .993 .004 .004 .004 .000 

~~~~~~~~~~~~ 
- . . — _.~~~~~ _
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The mode of the posterior density function in Figure 2 is located near
0=0, so the Bayesian modal estimate and the maximum likelihood estimate are
about the same for this data. The Bayesian 0 estimate based on the mean of
the p(0) distribution is — . 12. This 0 estimate does not coincide with the
maximum likelihood estimate (0= .Ol); as will be further shown below , estimates
of 0 obtained from d i f fe ren t  ICC scoring methods do not generally agree.

Differences Among Scoring Methods

— The programs descr ibed itt this repor t are capable of scor ing test data
using most of the ICC response models available . The selection among models
should not be arbitrary, especially when individual decisions are to be made on
the basis of test scores. Dichotomous data can be scored by means of the one— ,
two— , and three—parameter ICC models, using either a normal or logi~.tic ogive
ICC. Thus, given the decision with regard to the number of parameters that
describe the ICC, there still remains the problem of choosing between the
normal or logistic ogive response models for scoring purposes. Unfot’—~r~~ ely ,
there are as yet no firm guidelines for choosing between these two response
models. Samejima (1969) has shown that the normal and logistic ogive riodels
differ with respect to their scoring “philosophies ,” but the practical impli-
cations of these differences remain to be investigated.

To illustrate the differences among the models and different ICC scoring
procedures, all response patterns for a five—item test were scored by maximum
likelihood , assuming both normal and logistic ogive ICCs, and by Owen’s (1975)
Bayesian scoring method . Table 3 gIves the item parameters assumed for the
hypothetical five—item test. For all items, the (guessing) parameter was
set at 0.0, indicating that a two—parameter ICC model was used. Items varied
in difficulty (b) from —2 to +2 and had discriminations of 1.00 or 1.50.

Table 3
Item Paremeters for Five—Item Test

lter  a b

1 1.00 —2.00 .00
2 1.50 —1.00 .00
3 1.0 0 0.00 .00
4 1.50 1.00 .00
5 1.00 2.00 .00

In a five—item test in which each Item is scored dichotomously, the re are
2~ = 32 d i f ferent  response patterns . These response pattern s are shown in
Table 4 along with the scores associated with them . It is obvious from the
data in Table 4 that for a given response pattern , the scores (all of which are
on the same metric) differed somewhat. This indicates that the scoring

.~ 
procedures are not interchangeable.

For example, consider the five response patterns which have 20% correct,
namely Patterns 2, 3, 5, 9, and 17. Not only do the 0 estimates (scores) for
a given response pattern differ among the three scoring procedures, but there
are some differences in the ordering of the 0 estimates derived from these
response patterns within each procedure . For max imum likelihood scoring using
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a normal ogive ICC , the ordering of the 8 estimates derived from the five
response patterns was exactly the same as that obtained from the Bayesian
scoring procedure , although the numerical values of the 0 estimates were
uniforml y higher for the Bayesian procedure . For both these scoring methods ,
there was a tendency for higher ability estimates to be obtained when a more
difficult item was answered correctly. For example, the lowest 0 estimate was
obtained by both scoring methods when the easiest item (Item 1) was answered
correctly (Response Pattern 17); when only Item 2 was answered correctly
(Response Pattern 9), the 0 estimates from both the Bayesian and maximum
likelihood normal procedures increased . In addition , both scoring methods took
into account the discriminations of the items involved. For example, Response

Table 4
Scores Given to Each Response Pattern by Three Scoring Methods

Response Maximum Likelihood
Pattern Normal Logistic Bayesian
1. 00000 —1.72
2. 00001 — .93 —1.60 — .64
3. 00010 — .61 —1.19 — .38
4. 00011 — .13 — .46 .11
5. 00100 -1.42 -1.60 —1.06
6. 00101 — .50 — .84 — .28
7. 00110 — .30 — .46 — .11
8. 00111 .13 .46 .30
9. 01000 —1.24 —1.19 — .89
10. 01001 — .23 — .46 — .15
11. 01010 .03 .00 .00
12. 01011 .50 .84 .41
13. 01100 — .60 — .46 — .42
14. 01101 .23 .46 .17
15. 01110 .39 .84 .28
16. 01111 .93 1.60 .64
17. 10000 —1.63 —1.60 —1.16
18. 10001 — .39 — .84 — .24
19. 10010 — .17 — .46 — .06
20. 10011 .30 .46 .39
21. 10100 — .78 — .84 — .58
22. 10101 .03 .00 .11
23. 10110 .17 .46 .23
24. 10111 .61 1.19 .62
25. 11000 — .42 — .46 — .29
26. 11001 .60 .46 .51
27. 11010 .78 .84 .63
28. 11011 1.42 1.60 1.09
29. 11100 .42 .46 .31
30. 11101 1.24 1.19 .93
31. 11110 1.63 1.60 1.08
32. 11111 cx,* co* 1.55

L 

*For maximum likelihood scoring , it is not possible to score
response patterns with all correct or incorrect answers.
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Pattern 2 (with a correct response to Item 5, the most difficult item) was
assigned higher scores than Pattern 5; but Pattern 2 was assigned lower scores
than Pattern 3 (which had a correct reeponse to Item 4 , the second most diff i—
cult item), since in Response Pattern 3 a correct answer was given to an item
(Item 4) with a higher discrimination than that of Pattern 2 (Item 5).

On the other hand, assuming a logistic ogive ICC for the maximum likelihood
scoring procedure, estimated values of 0 were related to the discriminations of H
the items answered correctly . Those response patterns for which the discrimi—
nations of the items answered correctly were the same were assigned the same

4 score, namely —1.60 for Patterns 2, 5, and 17 and —1.19 for Patterns 3 and 9.
For the latter two response patterns, the discriminations of . the items answered
correctly were 1.50; for the former three response patterns, they were 1.00.
Thus, the magnitude of the scores was a function of the item discriminations,
and the item difficulties did not affect the 0 estimates.

These data indicate that the assumption of different forms of the ICC
within the maximum likelihood scoring procedure will, in general, result in
different 0 estimates. Since the Bayesian 0 estimates were different from
both the maximum likelihood estimates, these three ICC—based scoring procedures
are not interchangeable. However, additional research is required to further
delineate the similarities and differences among the 0 estimates derived by
different  ICC—based scoring procedures and , more importantly, to assess the
implications of these differences in practical applications.

General Description of the Progra ms

This report describes three computer programs for scoring test data with
ICC models—-LINDSCO, ADADSCO, and LINPSCO. Table 5 summarizes the major
features of these programs. LINDSCO (LINear Dichotomous SCOring) is designed

Table 5
Summary of Program Capabilities

Model and Dichotomous Polychotornous
Scoring Linear Adaptive (LINPSCO)
Procedure (LINDSCO) (ADADSCO) Graded Nominal

Logistic Ogive
Bayesiana NO NO NO NO
Maximum

Likelihood YES YES YES YES
Normal Ogive
Bayesiana YES YES NO NO
Maximum

Likelihood YES YES YES NO
a
me Bayesian scoring procedure is based on Owen (1975).

to be used for scoring test data for conventional (linear) tests in which all
j items are administered to each testee. It requires responses to be dichotomous;
F that is , responses are scored into one of two categories , such as “correct ”

.- - - - _ - - - - - ~~~~ ~~~~~~~~~~~~ ~~r riJ_ _~~~_ - ~~~~~~~~~~~~~~~~~~~ - - -
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and “incorrect.” Omissions are permitted, but they are ignored in the
computations. The number of omitted items is tallied from the number of
items administered and reported as part of the output for each testee. Either
the normal or logistic ogive response model can be used with ICCs described by
one, two, or three parameters for maximum likelihood scoring. Response patterns
may also be scored by Owen’s (1975) Bayesian method which assumes a normal
ogive ICC. The user can also specify, in addition to a total test score ,
subscores on as many as 25 subscales.

ADADSCO (~~~ptive Dichotomous SCOring) is similar to LINDSCO, but it Is
designed specifically for scoring item response data derived from adaptive
testing. Since in adaptive testing each respondent answers a different set
of test items, the program must locate for each testee the item parameter
estimates of each attempted item; LINDSCO, in contrast, does the item
search only once. ADADSCO also differs from LINDSCO in that it has no
subscale scoring capabilities.

LINPSCO (LINear Polychotomous SCOring) is designed to score data from
linear (conventional) tests in which each testee is administered all items,
and items are scored into more than two categories. Three models are
available: the graded normal and logistic ogive models (Samejima, 1969) ,
and the nominal logistic model (Bock, 1972). In LINPSCO only maximum likeli-
hood scoring is available, and subscale scoring is not possible.

All three programs compute both test information and response pattern inf or—
mation values when maximum likelihood scoring is used. Response pattern
information (Samejima, 1973) provides an estimate of the precision of measure—
men t f or a specified response pattern and can be used to compare the quality of
trait estimates derived from specific test administration and/or scoring pro—
cedures (e.g., Bejar, Weiss, & Gialluca, 1977).

NUMERICAL PROCEDURES

Dichotomous Data

Mazir?nan Likelihood

The numerical procedure for maximum likelihood scoring of dichotomous
data consists of two stages. I~ the first stage an initial estimate is sought
by the bisection method. Once this initial estimate is obtained , it is refined
further by the Newton—Raphson method.

The bisection routine begins in the interval ±5.00. If the sign of the
first derivative of the likelihood function during the first iteration is the
same when evaluated at 5.00 and at -.5.00, a value of 0.0 ir, returned as the
initial estimate of 0. Otherwise, five additional iterati....~s are performed.After the sixth iteration, the width of the interval has been reduced to
10/(2 6) — 10/64 — .15. The midpo int of that interval is the initial estimate

- ‘H which is then refined further by Newton—Raphson iterations of the form:

6 — ‘I f ”)  , 

~~~—-~~~~~~~ -1~~- &  - -  S --;--- _______
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where
9m+l is the new estimate,

is the estimate from the last iteration,

f’ is the first derivative of the log—likelihood function evaluated at
and

in

f” is the second derivative of the log—likelihood function evaluated
a t O .m

This iterative process is continued until I0
~.,.l 

— 6~~ < .005. If that

criterion has not been met at the end of 50 iterations, the case is said to be
nonconvergent .

Formulas for  deri vative8. Let v~ {u , g=l , 2 , ... n} be a response
vector such that 9

1 if the item is answered correctly

0 if the item is answered incorrectly.

Note that for scoring purposes, the response vector does not include rejected
or omitted items. The probability that u =1 f or a given value of 0 and item
parameters a9

, b
9
, and c~ is given by ~

P (0) + (l-c
9
)[l + e .7a~ (G - b

~
)
1
_ 1 

[41

for the logistic ogive model and by

P (0) = c + (1-c )
~ n~~

C
9 

+ (l_ C
g

) ~ 1a9
(0— b

9
)] (5]

for the normal ogive model, where t~ stands for the standard cumulative normal
distribution.

The log—likelihood function for the response vector is

L
~
(O) —~~logP

9
(0)”9 Q

9
(Ø)

l_ug

— ~ (U
9

lOgP
9

(0)  + (l_U
g
)lOBQ

g
(O)1 16]

1~ 
- .

—4
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where Qg (O) — l_P
g(O) and P

9
(0) is given by either Equation 4 or 5.

In general , the first and second derivatives of the log—likelihood function
of a response vector are given by

3L (8) 
1 ~~ (°)\1 ~Q (0)

- ~ {u9[(P (0))~ ~o + 1.-up L(Q9 0)( ~o )] ~
and -

• a 21 ( O)  
— z ~ 1/ 1 \/~~‘g~ 0)”%2 / 1

~e ) - ~~~~~~ ~e

3Q (0) 2 32Q (0) ~
+ (l_u

g)[(Q~~0))( ~0 )~~ (Q~(0))( ~~~~ )]
~ 

[8]

For the logistic ogive model, after simplification and letting
x — l.7a

9
(O—b

9
), these expressions are

r S- ~ r Xai (0) i a c  I u a eV 
— —l.7~~~ 

.~~~~~ + l 7 Z  _____

~ L l+eX i ~
‘ L c + eX [9]

9

and

~
2L (0) a2eX u a2c eX H

= —2.89~ 
[(l:x)2 ]  

+ 2 .89~~ 
[~~~g

:;2 ] (10]

For the normal ogive model, letting x — —a 2 (0—b )2/2, the corresponding
expressions are ~

L (0) u (2~ ) U2a (1-c )eX (1-u ) ( 2~ )~~~/2 ( l_c )a eXV 
- g g 

___________

~ c
g
+(l~cqX [ag (O~bg)] — 

l—{c
9
+(1—c

9
X(a

9
(0—b

9
)]} [11]

and 

., — ,
~
.,,— -- .— —- --- - - - -
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a2L (0) 
~ 

[(2 7r )~~~’2 (l~c )a eX]2 (2r)~~~2a3(0_b )(l-c ) X ]

~ U~~ L TCg (10g)~~~g
(0 9)]T~ 

- 

{c
g-(l-cq)4(a (b g-0~]} _ I+

[(2r)~~~
2(l-c )a e~ l 2 (2r)~~~

2a~(0-b )(l-c )eX

~(1-u ) - 

l c + ( 1c ) ~~(a (O~b ) 1}~ 
+ ~~~~~~~~~~~~~~~ [12]

Corrputation of information. With maximum likelihood scoring, two measures
of information are computed for each response pattern. One is response
pattern information (Samejima, 1973) denoted by 1~(0); the other is test infor-t mation (Birnbaum , 1968; Samejima, 1969) denoted by 1(0). Test information is
defined as the expected value of the second derivative of the log—likelihood
function, i.e.,

A [ ~~
2logL (0)~~

~~~~~~ . 
[131

• Response pattern information, on the other hand, is defined by

A ~~
2logL~ (0)~

— 1(0) = —~~ [14 ]

that is, the “observed ,” as opposed to expected , value of the second derivative
of the log—likelihood function evaluated at

These two measures of informat ion will be the same for models in which
there is a sufficient statistic for the response vector. In particular,
this is true in the one— and two—parameter logistic ogive models. It is
also true for the “zero” parameter normal ogive model, i.e., when the items
are parallel. The value of ~

(
~

) for a given response pattern is simply the
value of the second derivative of the log—likelihood function at the last

• 
• iteration, i.e., evaluated at the estimated value of 0.

I(~) is computed by

{p (Ô ))2

A A [15]
~ P9

(0){1.0—P
9
(0)) ‘
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where P
8
(0) is given , in general , by Equation 4 for the logistic ogive model and

by Equation 5 for the normal ogive model.

For the normal ogive model,

a ( 1—c ) 2 r ~~ 1.. 1 2 12
— ~~ g (e

_a
g F~~g

1 ] ; [161
9

and for the logistic ogive model,

1.7a (0—b )
A 

l.7a (1—c )e g g
~~ 

A [17]
.

Standard error. The standard error of measurement associated with 0 is

computed as l/17~5, that is, the reciprocal square root of response pattern
information evaluated at 0.

Bayesian Scoring

The Bayesian scoring procedure used by LINDSCO and ADADSCO is derived from
Owen ’s (1975) sequential adaptive testing strategy. However, since the
present application assumes that the test items have already been administered ,
only the scoring aspect is of interest.

The procedure makes the assumption that the prior distribution of 0 is
normal, with mean ii ,,—O.0 and variance o~—l.OO , where subscript denotes the
fact that no items have yet been administered. After the ~~~ item is adminis-
tered, the mean and variance of the posterior density function are computed

according to the following equations. If the response to the in + 1th item is
correct,

E(eI1) - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(18]

and

- var(0t 1)  ~~
2 

~ 1 ( g ) (
~~~~

) 

(U_cg)~~D 
- [19 ]

~~~~~~~~ - - c --• ,
.. .
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Following an incorrect answer,

~m+l — E(0~ O) - _
~~
m ) (

~u~
) 

[20]

and

- v ar ( 0 I O)  = a 2 
~l 

-(  

~(D)
)(:

~D~~
+ ~~

) 

. 
[21]

In Equations 18 through 21 (from Owen, 1975),

t~(D) is the normal probability density function,

~~D) is the cumulative normal distribution function,

— 
~~~~ 

, and [22]
• + 02

,77

A — C
9 

+ (1_Cq) ‘~ (~D). [23]

After the last item has been administered , the posterior mean is the esti-
mated 0 and the posterior variance is a measure of the error associated with that
estimate. Because the posterior distribution after every item is administered
is approximated by a normal distribution in this procedure, there is a certain
amount of inaccuracy in the est~.mate. Moreover, the resulting scores are
order dependent (Sympson, 1977), i.e., if a response vector were to be scored
after rearranging the items, the resulting 0 estimate would be slightly
different.

Computation of Expected Proportion of Correct Answers

The expected proportion of correct answers (EXPTOT) is defined as

EXPTOT = EP( ê)/N I , [24 ]

where P
9

( e )  is computed from Equation 4 for the logistic ogive model and Equation 5
for normal ICCs. NI is the number of items on which the estimate of 8 is
based. EXPTOT is simply an estimate of the true score associated with 0
(Lord & Novick, 1968, p. 387).

.- .
~~
.• .- i •

• - -. b- - c -..• - -r- .,•
_ _ p , - - , ,,• . - -
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Polychotomous Data

LINPSCO is capable of scoring polychotomous data when item parameters
have been estimated according to a graded model of either normal or logistic ogive
form (Samejima, 1969) or according to Bock’s (1972) nominal logistic model.
For the graded model, the numerical procedure consists of a bisection stage
of six iterations followed by Newton—Raphson iterations. For the nominal
logistic model, the initial estimate obtained from the bisection stage is . -

ref m ed further by the secant method rather than by Newton—Raphson iterations.

In each case , the bisection phase begins in the interval ±5.00. During
the first iteration, if the sign of the first derivative of the log—likelihood
function is the same when evaluated at 5.00 and at —5.00, a value of 0.0 is
returned as the initial estimate. Otherwise, five additional iterations are
performed. After six iterations, the width of the interval is reduced to
lO/(2 6)_lO/64_ .l5. The midpoint of that interval is taken as the initial
estimate.

The Newton—Raphson procedure used with the graded models refines the
initial estimate with iterations of the form shown in Equation 3. This
iterative procedure is continued until I0,,~l — 0

~ 1 is less than .005 or the

number of iterations is greater than 50. The secant procedure is similar
to Newton—Raphson iterations, except that f ”  in Equation 3 is an approximation
to the second derivative of the log—likelihood function given by

f ” - ~~~~~~~~~~~
‘
~~~

°177-.1~ 

• 

• [25]

(0 — 0  )
m ri-i

Graded Models

Let V — {a~~, g”l, 2 , ... } be a response vector exclusive of omitted and
rejected items such that

1 — if the “best response was given
2 — if the second “best” response was given

x —
g

mg
_i if the next to worst response was given

in
9 

if the worst response was given .

For the graded logistic ogive model, the probability that takes one of
• the values between 1 and m

9 
is given in general by

Yx Yx— l
(0) — — [1 + e — [l+e g 

, (26]
• 9 9

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

- 
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where

= —a D(0~b5 
) , [27]

9 9

— l — ~CqD(O~~b5 ~~
) and [28]

9 9
D = 1.7 is a scaling factor .

Whenx = 1 ,
9

yx 11’
xq 

= El-f e ~
] • [29]

When = rn~~

y —i
= i — [1 + ~ g ]~ . [30]

9

For the graded normal ogive model , the probability that takes one of

the values between 1 and in~ is given in general by

;
(O) - = i f 9 

et
2 f2 dt

- 

~x-l9

~~ - ~~ [Y5_ 1] 
, 

[31]

where

y — a (0—b ) [32)
9 9

and

~x9
—i = a

9
(O—b 5_ 1 )

When — 1,

P - (2r)~~ JY
~9 et

2 /2dt . (34 1
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~1hen - m
9
,

P5
9 

— 1 — (2~T)
1f 

59 et1/ 2 dt • 
(35 1

The log~likelihood 
function for a given response vector is given 

by

- log ~ p 59

- r5 (log P5 1 , 
(36 1

where

r5 
~ 1 if the 

response category is ctiosen

9 0 otherw qe

The general first derivative of the 
log—likelihood function is

3L (8) 
L

~~~ — E Z  r L 
[37 1

30 g X ~ 5
9

Samejima (1969) referes to as the basic function . Since (3Pm /30~~P~ )
_ l

g 9 9 9

3L (0) 31’~ /30
-_--

~~~~~~~~
-

~~~~~~~~~~~~~~ ~~~~~~~ 
. 

(38 )

9 9  5
9

The general second derivative of the 
log_likelihood function is given by

32L
~
(O) 32P~ /36

2 [39 1
- 

~ 

r~ [-(L5 )2 + I

Specifically, for the graded logistic ogive model,

3L (0)
— ~~ a

9
1.7{1—P~ 

- P~ ~
) [401

9 9 9

________________ - - :.-_ _ . -

~~ 
:- 

• ‘ —P 
• —

-t - - - • - r . _ 
~~~~

- ~~~~~~~~~~~~~~ I. . •~~
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and

32L (0)
- 

~~ 

~~~~~~~~~ :~;
1 [_ ~~~(L

5
)

2 + (2Q ~~~1)(P~~Q~~)

(2Q~~~1 
- l)(P

~~_i 
Q~~ 1)~] 

[411

where

p~ = ~~~ + ~~~~~~~~~~~~~~ [42]
9

—l ~ + e
_1.7ag(e_bxg

_
~~i

_1 
[4 3]

9
P~~= O  , [44]

=1 [45]
9

= l — P ~ , and [461
9 9

Q~ = 1 — Ps — i  s — i  . [47]
9 9

For the graded normal ogive model , letting z~ = —[a~ (0 — 7,~ ) 2
] / 2, the

9 9 3
corresponding expressions are

3L

~

(0) 
= [ (~~~ 

[e 9 - ~~59
l
])/ P (0)] [48]

The second derivative is given by

32L (0) •

• _______ — E E r  E- ( L ) 2] +

{(e-b ) e~~ - (0 - b ) e35g 11 / P (0) [49]
5
9 

x
9
_ 

J g

_____________ —

— .- .
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55.4
When X

9
l
~ 
e 0, and P5 is given by Equation 34; when x —m , e

9 9 9
and P5 is given by Equation 35.

9

Nominal Logistic Model

For the nominal logistic model, the probability of x~, given 0, is given by

(a5 0+~ ) 177
~J 

(cL8O+8 )
P (0) = P = e 9 Xg / e 

, [50]5
9 

5
9 8=1

where and are the slope and intercept parameter for the 3th response

category.

The secant method requires only the first derivative of the log—likelihood
function. That derivative is

7flg
3L (0) Z r (a —cz3)e 3

_ _ _ _ _  9 9 [51]30 
? e~~8

0 +

8=1

Computation of Information

Response pattern information is computed as the value of the second
derivative at the last iteration. For the nominal logistic model, that value is
an approximation. Test information is computed from the general formula given
by Samejima (1969) ,

I(~) — E E (3I’~ /30) 2P . [52]
9 9 9

This expression involves only the first derivative of the response model.
The appropriate expressions are listed below.

For the graded normal ogive model,

— -
~~~~

— ~ — ]

- - where — — [ a ~ (0—b5 ) 2 ] /2
9 9

- iJ 
_ _ _ _ _ _ _  
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For t he graded logistic ogive model ,

= 1.7 a [P4 (1-F4 ) - P~~~1 
(l-P4

1)] [54]

— —1 7a ~0—~ ~‘ —1where P* = [i-I-c ~5
9

For the nominal logist ic model ,

(a5 0 + ~ ) ~~ (a3 0 + ~~ )
BE -’ [ e  ~ a ~ (ci —~ .) J
S S

s—i -
= 

- ( 0 + ~ 

- 

)
2 E ssi

‘ 7 Sg

USE OF T1i2 IF PAOF~

Inru t

For each of the programs , three types of input are required :

1. The I~’-~~’- -r’- ~n’~v’ict~rs, which consist of specifications as to the
number of items in the pool , the options chosen , the scoring key,

• and so forth.
2. Th e It~~r7 PooZ , which contains the item p1ramt~ter estimates on as

many as 600 items for LINDSCO and ADADS (0, and 100 items for LINPSCO.
3. The -:.~t ~ - -ou~€: Data consists of t’ mtee name and identification

number and each testee ’s item responses. For LINDSCO, item responses
need not be dichotomized beforehand ; for ADADSCO, they must be dichot-
omized unless a key is provided as part of the item pool. For
ADADSCO, the number of items attempted and the identification
number of each item attempted must also be supplied as part of
the test response data. For LINPSCO, the test response data must
be supplied in such a way that the first category corresponds to
the “best” response, while the last category corresponds to the “worst”
response , based on previously obtained item parameterization data.

Testee response data containing all correct or incorrect answers cannot
be scored by maximum likelihood. If such a response pattern is found , a
message is pr in ted , and the estimated 0 is set to 10.00 if all responses are
correct and to —10.00 if all responses are incorrect. The information is
set to 0.0 in both cases. Response patterns with all answers correct or
incorrect present no problem for  Bayesian scoring, and they are processed
normally ; however , a message is still printed. Appendix B gives examples of
the use of each of these programs.
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Pro qrcvn Parciinetera

Table 6 describes the input program parameters for all three programs, using
Card Set 1 (all numeric information is right justified). After Card Set 1~ the
program parameter and input for each of the three programs differs , as indicated
below.

LINDSCO (Card Set 2-10). -

Card Set 2 (8A10). The variable format for the item pool is punched
on this card , using I—f lelds (see Item Pool below).

Card Set 3 (1615). Punch in five—column fields the Item identification
number of the items in the test In the same order
in which they appear in the test. Continue on as
many cards as necessary.

Card Set 4 (8011). A “1” in a given column is punched to omit a
specified item from all computations, e.g., if the
10th item is to be omitted , punch “1” in column 10;
if the 100th item is to be omitted , punch “1” in
column 20 of the second card. Continue on as many
cards as necessary.

Card Set 5 (8011). This card Contains the scoring key for the test. In
general, the ~th column contains the key for the ~th
item, as in Card Set 4. Continue on as many cards

- as necessary.

Card Set 6 (8A10), Variable format for reading the subject information
and test response data (see Test Response Data below
for field type specifications).

Card Set 7 (8A10). The description of the run is written on three cards.
The three cards must be included even if they
are blank.

Card 8J15). Punch the number of subscales to be scored in
columns 1—5, maximum is 25. 1f no subscales are
to be scored, punch “0” in column 5; in that case,
this is the last card set.

Card Set 9 (2151. For each scale, punch the following Information:
(Omit If the number Columns 1—5 : Number of items 1111 aubscale (maximum

• of subscalea is 0.) is 60)
Columns 6—10: Scale number. itepeat f or each

aubscale beginning on a new card.

Card Set 10 (1615). Punch in five—column fields the item identification
(Omit if the number number of the items in the subscales. Continue on

• p of subscales is 0.) as many cards as necessary. Repeat for each
• subscale, beginning on a new card for each subscale.

L ~~~~~~~~~~~~~~~~~
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ADADSCO (Card Set 2—5).

Card Set 2 (8A10). Variable format for item pool, using I—fields.
It must be contained on one card (see Item Pool
below).

Card Set 3 (1615). Columns 1—5 : The number of Items to be omitted ,
i.e., excluded from the computations.
If none, punch “0” in column 5.

Columns 6—10 and subsequent five—column fields:
- - The item identification numbers of

items to be omitted . Continue on as
many cards as necessary. If more than
one card is necessary , begin punching
on the second card in columns 1—5.

— 
Card Set 4 (8AlO). Variable input format for reading subject informat ion

and test response data. It must be contained on one
card (see Test Response Data below for field type
specifications).

Card Set 5 (8A10). Description of the run is written on three cards.
These cards are required , even if they are left blank.

LINPSCO (Card Set 2—7).

Card Set 2 (8A10). Variable format for the item pool. It must be
• contained on one card (see Item Pool below for
= field type specifications).

Card Set 3 (8011). Punch in the ~th column the number of response
categories minus 1 for the ~th item. Continue
on as many cards as necessary .

Card Set 4 (1615). Punch in five—column fields the item identification
numbers of the items in the test. The numbers must
appear in the same order as the items appear in
the test. Continue on as many cards as necessary.

Card Set 5 (8011). The information on this card is used to omit
specified items from the computations. To omit
the ~th item, punch a “1” in the ~th column of

• this card ; otherwise, punch “0.” If no items are
to be omitted , punch as many zeros as there are
items in the test. Continue on as many cards as
necessary.

Card Set 6 (8A10). Variable format for subject information and test
response data. It must be contained on one card
(see Test Response Daia below for field type
specifications).

Card Set 7 (8A10). Description of the run is written on three cards.

_ _ _ _ _ _ _ _  •
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Item Pool

LINDSCO ~ td ADA DSCO. To score the response data, a file containing the
item pool item parameter estimates must be p epared beforehand and placed in
a file called IPOOL. The file consists of a line for each item in the
pool with the following information:

1. A unique item number;
2. Estimate of the a parameter;
3. Estimate of the b parameter;
4. Estimate of the a parameter;
5. Correct alternative for this Item, i.e., the keyed response.

For LINDSCO, only Items 1 through 4 must be supplied; for ADADSCO, Item 5 must
be supplied also, although it could be a “dummy” key (e.g., a blank), since the
data may alr eady be scored (see columns 44—45 for Card Set 1).

The exact format of this information is not critical, since it is read with
a user—specified variable format. However, the following limitations must be
observed : (1) the information must be read in the above order ; (2) the item
number must be read in integer mode; (3) the item parameter estimates must be
read in floating point; and (4) the key, if ADADSCO is being used , must be read
in integer mode.

A typical format for LINDSCO could be
(1OX ,14,3FlO.2)

For ADADSCO, a typical format might be
(1OX,14,3F10.2,12)

All three parameter estimates must be read even if the user is using a
one- or two—parameter model. This presents no difficulties, however, since
in the case of, say, a two—parameter model, the third parameter is-O for all
items. This may be accomplished by reading blanks or zeros, or by editing
item parameter estimates (see below).

The number of items in the pool may range from the number of items in
the test, M , to 600. If the item pool for LINDSCO consists of only the items
being scored in the test, then OPT2 should be set to 1. This indicates to
the program that items do not have to be searched. On the other hand, if
the pool consists of items in addition to those used in the present test,
then OPT2 should be set to 0. This instructs the program to search for the
item and to retrieve the corresponding item parameters. For both LINDSCO and
ADADSCO, if at least one of the items being called for is not found in the pooi,
the program prints a message; and the unavailable item is treated as an
omitted item.

• Edjtjn~ of item par ameter eBtimatea. LINDSCO and ADADSCO have several 
-

options to edit item parameter estimates. If OPT3—l, the program checks that
the item parameter estimates are within certain bounds. For the discrimination
(a) parameter , the program checks to see if the estimate exceeds ANAX; if it
does, it is set to AMAX. For the difficulty (b) parameter , if the estimate
is below BMIN, it is set to BMIN ; if it is above BMAY, it is set to BMAX. For
the “guessing” (a) parameter, the program checks to see if the estimate exceeds
CMAX; if it does, it is set to CMAX. If the user wants to edit only one or two
parameters, the limits of the other parameters should be chosen so that the
editing has no effect.

~~~~~~~~~~~~ 
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A more radical form of editing is also possible. If 0PT3 2, then in
t 

addition to the editing caused by OPT3 1, the program sets all c parameter
estimates to cHAX. If CNAx—O.O, this implies that a two—parameter model is in
effect. If OPT3—3, then in addition to the editing caused by 0PT3 1 and
OPT3—2, the program sets all a parameter estimates to ANAX.

EIINPSCO. For polychotomous scoring, the item pool consists of the following
information for graded normal and logistic ogive models :

1. A unique item identification number ;
2. The “discrimination” parameter, which is common to all response

categories;
3. m

9
—l “difficulty” parameters, where ‘n is the number of response

categories in the g item. Since can be at most 10, there would

be at most 9 difficulty parameters.

The exact format for reading this information is not crucial , since it is read
by a user—supplied format statement. However, the following restrictions must
be observed : (1) the identif icat ion number is read f i r s t , in in teger mode ;
(2) next , the estimated discrimina tion paramete r is read in f loating point
mode ; (3) the mg—l “difficulty” parameters are read next , with the difficulty

of the best alternative followed by the second best alternative , and so forth.

Since the program allows the number of categories to differ from item to
item, the format should be specified so that it can read the information
fo r the item with the most response categories . For example , if in a given
test, the maximum number of response categories is seven , then there should
be at most six difficulty parameters. The format for such pools might be
as follows:

(14 ,6X ,F5.2/lOX ,6F5 .2)

In this format the item identification number is read in the 14 field ; the
discrimination parameter is read next in format F5.2; and the six difficulty
values are read from the next card , beginning in column 11.

For the nominal logist-c c model, the item information is read in the following
order:

1. A unique item identification number ;
2. m

9 
“slope” parameters; and

3. m
9 

intercept parameters.

Differing from the graded models, in the nominal model there is a pair of
parameters (a slope and an intercept) associated with each response category.
Since the response categories are not ordered in the nominal model, the order
in which the parameters are read is unimportant . However , the ordinal position
in which the parameters appear in the pool must correspond with the integer.
associated with that response category. As in the graded models, the format
should be able to read the information for the item with most response categories.
For example, if the maximum number of response categories is five, the format

• .— -c• ‘~~ • .
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could be

(14,16x,5F5.2,5X ,5F5.2)

In this format, the item identification number is read in the 14 field; next,
the five slope parameters are read in 5F5.2; and finally, the five intercept -

parameters are read in the last set of SF5.2 fields.

Teat Re8pon 8e Data

Data for all testees must be on a file called DATA. The structure of this
file differs slightly for each of the programs. In all cases, however , the
last record of DATA must be an end—of—record marker.

LINDSCO. This program requires that for each individual the following
information be provided on DATA:

1. Name ,
2. Identification number, and
3. Responses to the test items.

The exact format of this information is not critical, since it is read with a
user—supplied variable format; but the information must appear in the above
order. Two words are used for testee name; thus, name should be read with two
alphanumeric words, e.g., 2A10. This allows for up to 20 characters.
The testee identification is read with an alphanumeric field of at least 1
column, e.g., Al , A9. Test item responses are read with an integer format,
e.g., 2011.

The test data may be raw item responses (i.e., the number of the alternatives
chosen) or scored (i.e., 0 for incorrect and 1 for correct). However, in either
case, a scoring key must be provided (see Card Set 5 for LINDSCO). The key will
contain the number of the correct alternative if raw data are read. If the
data are already scored, a “dummy” key full of “l’s” must be provided.

Omitted items are indicated by the integer IOMIT (see columns 46 and 47 of
Card Set 1 for LINDSCO). For raw data, this will normally be an Integer
greater than the number of alternatives. Similarly, for scored (0—1) data
IOMIT must be an integer greater than 1.

ADADSCO. The program requires that the following information be provided
on DATA for each individual:

1. Name,
2. Identification number,
3. Number of items answered by the testee (i.e., number of items attempted),
4. Item identification numbers of items attempted, and
5. Responses to the test items.

This information is read in the above order with a user—supplied variable format;
thus, the exact format is not critical. However, the following limitations must
be observed. Even though the number of items administered usually varies across
individuals in an adaptive test, this program assumes that the data record for
each testee is formally the same (i.e., that there is the same number of data

~~~~~
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lines per testee and that these lines contain similar informat ion). Thus,
if the maximum number of items taken by anyone is MMAX (see Card Set 1 for
ADADSCO) , but any particular testee takes M items, where M<MMAX , then that
testee’s record should be “padded” to MMAX items. This can be accomplished by
leaving an appropriate number of blank fields. The name is dimensioned for two
words so the format should allow for two words , e.g., 2AlO. The identification
number is read with an alphanumeric format, e.g., A8. The number of items
is read in integer mode. The item Identification numbers and item responses
are also read in integer mode. Note that in reading the item identification
numbers and the item responses , the format should read MMAX of each , even
if some of these will be blank for a given individual.

As an example assume that MMAX was 25 ; then the var iable format could be
(2AlO ,AlO,12/20I4/5I4/2511).

In this format, the name, testee identification , and M are read f rem the first
card ; the item identification numbers are read from the next two cards ; and
finally, the item responses are read from the four th  card. Note that for
testees attempt ing 20 items or less , the third card will be blank.

The item responses may be scored or raw data. For scored data, the
responses have been reduced to three categories: correct , incorrect ,
and omitted. In this case, IFLAG should be set to the integer corresponding to
the correct code, and IOMIT should be set to the code for omitted responses.
Note that if IFLAG>0, the program ignor es the key read as part of the item pool.
For raw data, the key will have been read as part of the item pool; IFLAC must
therefore be set to 0. IOMIT will still be operational, however ; and it must
be set to an integer other than the highest numbered response ~‘1ternative .

LINPSCO. The DATA file is similar to LINDSCO’s with the exception that
the item responses must include the response category chosen by the testee for
a given item. For graded models, the convention that the best response category
be coded “1,” second best “2,” and so forth , must be obeyed. For the nominal
logistic model , this convention does not apply; but care must be taken so that
a category’s response code matches the ordinal position of that category in
the IPOOL file. For either graded or nominal data, ~he code for omitted responses
should be an integer greater than the maximum number of response categories.

Output

Four kinds of output are produced by each program: program parameters,
item parameters, computational messages, and testee data.

Program P ar cvnetera

The output consists of the information in Card Set 1, the description of
the run, and the variable formats for reading the item pool and the testee’s
raw data.

I tem Parameters

E,INDSCO cmd LINPSCO. The output consists of item identification number,
scor ing key, rejection key (i.e., whether or not the item was included in the
computations), and the item parameter estimates. If the estimates have been

,
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edited , the edited values will be printed. An option (see column 10 of Card
Set 1) permits all of this information to be punched as well. If subscale
scoring has been requested, the item identification number of the items in each
subscale will be printed.

ADADSCO. The user has the option, but only for the first 10 testees, to
print the following: testee’s name and identification number; and for each item
attempted , the item identification number, the response to that item, and the
item parameter estimates. -

Computational Measages

The program will print a testee’s name and identification number if (1)
a response pattern is found with all items correct or incorrect, excluding
omitted or rejected items; (2) a zero score has been obtained ; or (3) it
was not possible to achieve convergence in scoring the testee’s responses. For
polychotomous data, a perfect or zero vector occurs if the testee responds
with the best or worst response categories in all attempted items, exclusive of
omitted or rejected items. If an item is not found in the pool or has extreme
parameter estimates, an informative message is printed.

The number of testees read and the number of convergence failures are also
printed. If Bayesian scoring has been requested , the number of nonconvergent
cases will be zero.

Teatee Data

LINDSCO. For each testee, the following information is written on a file
called TAPE3: 

-

1. Name;
2. Testee identification number;
3. Scale number, or in the case of total score, a “T”;
4. Proportion of items answered correctly;
5. Maximum likelihood or Bayesian estimate of 8;
6. The response pattern information for maximum likelihood scoring or

the posterior variance of 6 for Bayesian scoring;
7. The number of items used in the estimation of 0, excluding items

rejected , omitted , or not found ;
8. The test information associated with the estimated 0 (for Bayesian

scoring, the information is computed using the normal ogive model);
9. The true score corresponding to the estimated 0;
10. For maximum likelihood scoring,

a. The number of Newton—Raphson iterations needed to achieve
convergence and

b. The standard error of 6.

The format used for writing this information for total scores is
(X ,2A10,A9 ,*T*,F5.2,2F7.2,14,2F7.2,14,F7.2)

The subscale results are written vith
(X ,2AlO ,A9,12,F5.2,2F7.2,14 ,2F7.2,14,F7.2)

I 
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ADADSCO. The same information is written as that for LINDSCO with the
exception of the scale number. The format is

(x,2A10,A9,F5.2,2F7.2,14 ,2F7.2,14,F7.2)

LINPSCO. For LINPSCO, the following information is written:

1. Name;
2. Testee Identification number;
3. Proportion of “best ” responses ;
4. Maximum likelihood estimate of 6;
5. The response pattern information;
6. The number of items used in the estimation of 0 excluding items

rejected , omitted , or not found;
7. The number of iterations needed to achieve convergence.
8. The test information associated with the estimated 6;
9. Estimated standard error of measurement.

AVAILABILITY

FORTRAN source code listings of the three programs are in Appendix C
(LINDSCO) , Appendix D (ADABSCO) , and Appendix E (LINPSCO). Copies of the
FORTRAN source code are available on cards or tape at nominal cost from

Psychometric Methods Program
Department of Psychology
University of Minnesota

75 East River R~ —’1
flinneapolis, Minnesota 55455

Telephone: 612—376—7378

Potential users of these programs should note that the programs were written for
Control Data Corporation CYBER series computers. Because of the large word
size of the CYBER computers , accurate computation on other computers may require
the use of double—precision arithmetic. Minimal additional modifica~.tons required
may include (1) modification of EdO fields to smaller sizes used by other
computers and (2) modification of FORTRAN statements unique to the CYBER series
computers.
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Appendix B:

Ex~np lea of Progran Use

The following examples serve to illustrate the use of each of the three
programs. These results should also be useful in testing the accuracy of the
results of the programs in different installations.

• LINDSCO

The IPOOL file for these examples was

1 1.000 —2.000 .25
2 1.500 —1.000 .25
3 1.000 0.000 .25

:. 1.500 1.000 .25
5 1.000 2.000 .25

• The DATA file is also shown below . The f i r s t  field contains the names ; the
second , the subject identif icat ion; and the third , the response patterns.

Name I .D . Responses
A0O 1 000 00

• AOl 2 00001
A02 3 00010
A03 4 0001 1
A0~4 5 OOIt)0
A05 6 0010 1
A06 7 00110
A07 8 00111
ADa 9 01000
A09 10 01001
Al l) 11 O l oj O
Al l  12 01011
A 12 13 011~ 0
A1.3 14 01101
Alie 15 O l j j O
A 15 16 01111
A16 17 10000
A 17 18 10001
A18 19 10010
A 19 20 10011
A20 21 10100
A21 22 10101
A22 23 10110
A23 24 10111
A24 25 11000
A25 26 11001
A26 27 11010
A27 28 11011
A28 29 11100
A29 30 11101
A30 31 11110
A31 32 11111 
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Ex~irple 1. This example illustrates the use of the normal ogive model
(OPT4—l) for a five—item test (m—5) with a pool containing five items (INUP—5).
The example also illuetrates the use of parameter editing (OPT3”l) in
which BMAX—BMIN—O.0, which in effect sets all b parameter estimates to 0.0.
ANAX—2.O0, which means that if there were a- parameter estimates greater than
2, they would be set to 2.00. CMAX— .lO , which means that any a parameter
estimates greater than .10 will be edited to .10. This example also illustrates
the use of subscales. The program parameter cards for this example were

5 5 111 0.00 1.00 2.00 0 .00 0.00 .10 44’ele
(9X ,  I 1.3F 10.3)

1 2 3 4 5
00000
11111
(2A 4 .A2 . IOX ,5 1 1)
RUNS BASED ON ALL POSSIBLE RESPONSE VE CTOI~S FOR A FIVE IT EM TEST

1
3 1
2 3 5

The output corresponding to this example is shown on the following
pages.
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L1NtsiI~ D1C1 I0TCNU~. sc u~~INL W I T - I  THREE .‘A RA M ET C. R MODEL~I

Ur - IV E SYn OF MIN JESO TA
PIlLS. MuIR . 55k5~

LI-lOP = S
5

I U M I I  :
CPT 1 : — u
(iPT2 1
(iPT3 : 1
~i4~T4 1
15 : 0
1SS : 4 . 0 0
AR A X
u$

~
AX 0

U
CM AX .10
V A R I . . ILE - ORMAI FQR PJOL (9X. 1l.3F10. .))
VARII * riLE ~~0 R P.A 1  F,,R . 3A T A : ( 2A ’ 4 .A Z . l Ox , , $ l I
RUHS A 5 1  or . u’ L  POSS IMLI M~~ PONSE ~~ CT0R S FOR A Fiv E l IEN Y FST

l T E ~~ I~ SUBSCA LL NO: 1
S

• $ $ * ~~~~~ S 5 5 * ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
s ... • . S 8 5 5 5~~~~~ e * 5 5 5 * 5 * 5 5 5  S * 5 * e

5 . . . .. . .  5 5 5 * 5 * 0 5 5 * 5  • s 5 5 5 5 5 s 1  * 0 5 *  • 5 * 5 5 * 5 * 5  S * * * * *. •IT E M I) S W~ YS RE.JECTIO N~ A b C

1 8 1:~~8 8 :18
3 1 0 1.00 0 .10
‘5 1 0 1.50 0 .10
5 1 0 1.00 0 .10

* 5 5 * 5 * 5 * 5 * 5 *  , .. . . ., .. 5 .  * s s s S * . .  5 . 5’ . .’  • . .* * *. S * , .

~~~
g

~~EU ~~~~~~ 18 1 ~~~~ N~~ ~~~~~~~~~~~~~ E8~~~~ kE~~ 
}J1 ~~~~~~~ 1

S b..IECT :A u2 IL) : 3 P~A~ NO ANSW ERS CURRtCT IN SUBSCAL E 1
S.-BJL .T :A13 IL ) LI4 HA~ ALL ANS .ERS CORRECT IN SuUSCALE I
S~.pSJL C T :Aj5 10 :16 HA~, ALL ANSWERS CORR~ CT ZN SUBSCALI I
SUB.JI.CT A 16 10 :17 HAS NO ANSWERS CORRECT ZN SUBSCALE 1
~U0JECT A16 10 :19 HAs NO AN SWERS C0RK~ CT IN SUBSCALE 1
SLU)E4.T :A29 10 :30 HAS ALL ANSWERS CORN~ CT IN SUBSCALE 1
SU~,JLT :A31 10 :32 HA~ ALL ANSWERS CORRECT IN TOTAL SCALE
SLIBJEçT :A31 ID :32 HAS ALL ANSWERS CORRECT IN SUOSCALE 1

Li ,SES REA O 32 CASES NOT CONVERGED : 0

‘ • -  
~ 
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Contents of TAPE3:

•0 .4 U

z I.
0

— u

• g
* S — I.

* ~~~~~ ~~ ~~

~ a ~f. U — 2
* .

~~ .. 2 —• 0 5 .. •0z — .~ ~ 0 
~v 

0
• 0 5 0 5. — — I.
• S U C V V

2 * • 
~

4~ ~~~~~ 
g
~ ~ ,!~~ ~

5 S • *  0 * 5 5 * 5 5 * 5  S 5 * S * S * ~~ * * * * S * * S * S  S S S • * • * • S
AlSO 1 I 0 —10.00 0 S 0 0 0
AQO 1 1 0 —10.00 0 ~ 0 0 0
Au l 1 .20 1.05 1.1.8 5 1.07 .20 2 .62
Aol 1 .33 .65 1.51 3 1.36 .30 3 .81
*02 3 1 .20 .95 .58 5 1.36 .22 5 1.31
A5IZ 3 1 0 —10.00 0 0 0 0
A03 is T .1.0 .31 3.35 3.1.0 .1.2 3 .55
A03 ‘5 1 .33 .65 1.51 1.36 .30 3 •61
AU’. 5 1 .20 1.0b 1.1.6 1.07 .20 2 .82
A04 5 1 .33 .65 1.51 1.36 .30 3 .61
*05 o T .40 — .50 3.08 2.8’S .35 2 .57
*05 o 1 .61 .05 2.33 2.23 .57 2 .66
Aub 1 1 . i 0  — .31 3.35 3.1.0 .152 3 .55
A US 7 1 .33 .65 1.51 1.36 .30 3 .81
AU ? 8 1 .60 .0? 3.98 3.915 .58 2 .50
A U? 8 1 .67 .05 2.33 • 2.23 .57 2 .66
Au8 9 1 .20 — .95 .58 5 1.36 .22 5 1.31
A U8 9 1 .33 .30 1.83 3 1.95 .1.3 3 .715
AU9 10 1 .1.0 — .31 3.35 5 3.1.0 .1.2 3 .55
A09 10 1 .57 .150 2.03 3 2. 11 .71 2 .70
*10 11 1 .is0 .12 3.63 5 3.76 .50 2 .52
Al O 11 1 .33 .30 1.83 3 1.95 .83 3 .7’s
All 12 1 •b0 .27 3.71 5 3.88 .67 2 .52
All 12 1 .~~? .1.0 2.03 3 2 . 1 %  .71 2 .70
A12 13 1 .IsO .31 3.35 5 3.1.0 .1.2 3 .55
*12 

- 
13 1 .~,7 .150 2.03 3 2.11 .71 2 .70

A13 115 t .~~Q .07 3.98 5 3.94 .58 2 .50
*13 1’. 1 1.00 10.00 0 5 0 0 0
AL lI 15 1 .60 .27 3.71 5 3.88 .67 2 .52
*1’. 15 1 .1.7 .~~0 2.03 3 2.11 .71 2 •70
*15 to 1 .80 .75 2.82 5 2.9’S .83 2 .60
*15 1~ 1 1.00 10.00 0 5 0 0 0
*16 1’ 7 .~ 0 1.Ob 1.’i8 5 1.01 .20 2 .62
*16 17 1 0 — 10.00  0 5 0 0 0
*17 is T .150 — .50 3.08 ~ 2.84 .35 2 .57
*17 18 1 .33 .65 1.51 3 1.36 .30 3 .61
A18 19 T • ‘sO .31 3.35 5 3.110 .82 3 .55
A 18 19 1 0 —10.00 0 5 0 0 0
*19 20 1 .60 .07 3.98 5 3.9’s .58 2 .50
*19 20 1 .~~3 — .65 1.51 3 -  1.36 .30 3 .81
A20 21 1 .‘sO — .50 3.06 5 2.61. .35 2 .57
*20 21 1 .~~3 — .6~ 1.51 3 1.36 .30 3 .61
A~~1 22 7 .oO .11 3.91. 5 3.79 .50 2 .50- • Mi 2~ 1 .67 .05 2.33 3 2.23 .57 2 .66
M2 23 1 .50 .07 3.98 5 3.94 .58 2 .50
*22 23 1 .33 — .65 1.51 3 1.36 .30 3 .81
*23 2~ 1 .aO • 1s~~ 3.82 5 3.62 .78 2 .51
A~ 3 2’s 1 .1.7 .05 2.33 3 2.23 .57 2 .66

as I .‘sO .31 3.35 5 3.80 .112 3 .55
Ag15 25 1 .33 .30 1.83 3 1.95 .l$3 3 .711

• MS 21. . I .~~0 .07 3.98 5 3.9* .58 2 .50 -

*25 21. 1 .6? .1.0 2.03 3 2.11 .71 2 .70
A26 27 T .~~0 .27 3.71 5 3.88 .67 2 .52
Mb 27 1 .33 — .30 1.63 3 1.95 .153 3 .711
A~ 7 2o T .80 .75 2.62 5 2.9* .63 2 .60
A~ 7 28 1 .~~7 .80 2.03 3 2.11 .71 2 .70
*2.6 29 1’ .60 .07 3.96 5 3.915 .58 2 .50
*2.6 29 1 .67 .80 2.03 3 2.11 .71 2 .70
*29 30 7 .~~0 .15~ 3.62 5 3.62 .715 2 .51
M9 30 1 1.00 10.00 0 5 0 0 0

- • *30 31 1 .~~O .75 2.82 5 2.915 .63 2 .60
*30 31 1 •b7 .15Q 2.03 3 2.11 .71 2 .70
*31 3~ T 1.00 10.00 0 5 0 0 0
*31 3~ 1 1.~~O 10.00 0 5 0 0 0 

_ _ _ _ _ _ _ _ _ _  
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Excvnple 2. This example is identical to Example 1 except that the
Bayesian scoring routine was used (OPT4—3) instead of the maximum likelihood
normal ogive. Only the scoring results are sho~-n.

0 5.
U U

1.I.

• 8 — ~ .o 8.8

I I I ~ i iiiU ~ 1 ~I-. s _ z  (,. A. 
~ z s~~~~ ‘~

* 5 . 5* 5 * 5 * .  4 * 5 5 5 5* 5  • ‘ . • • * * ~~~~~5 • * * *5 • • •* • • • •
*00 1 1 0 —1.23  .31 s •71 .17 0 0
Au0 £ 1 0 1.0+ .39 3 .69 .21 0 0
Aol I .~~0 — .8,’ .35 5 1.58 .2’s 0 0
Aul .33 .55 .14’S .3 1.55 .3’s 0 0

1 .~~O .83 .38 t, 1.73 .25 0 0
*02 .5 1 0 1.0’. .39 3 .69 .21 0 0
*03 1 .14 0 — .3+ .141 5 3.33 .151 0 0
*03 1 .~ 3 — .b5 • 14~4 3 1.55 .3’. 0 0
Au ’s I .~ 0 .8Q .30 s 1.56 .23 0 0
Au ’s 1 .33 — .55 .41 .5 1.54 .33 0 0

u 1 .~~O — .51 .32 5 2.83 .35 0 0
*05 u 1 .~,7 .0,. .44 3 2.22 .56 U 0
*06 1 .40 — .37 .33 5 3.23 .40 0 0
*06 7 I .33 — .~~

, ,  .41 3 1.54 .33 U 0
A u? ,~ I .,~O .11 .35 5 3.95 .60 0 0
Au ? C I .~,7 .0~ .‘e’s 3 2.22 .56 0 0Au8 -~ I .

~~~~ — .7. .28 5 1.92 .26 0 0
1 ..~3 — .3,, .39 j  1.87 .151 0 0

1U 1 .‘4 O — .‘lu .30 s 3 .15  .3b U U
Av 9 1u 1 •,,7 .2.~ .1.3 3 2.22 .65 0 0
A LU 11 1 .40 — .2 , .30 5 3.53 .1.1+ U 0
*10 11 1 .~ 3 — .3 .. .39 3 1.87 .81 0 0
A ll  1.. 1 .~~O .2~ .33 5 3.93 .6’s 0 0
A AI 1.. 1 .07 .~?.5 .43 .5 2.2? .65 0 0

1.) 1 .‘sQ — . 1 4,  .27 s 3.15 .38 0 0
*12 1., 1 .~,7 .22 .‘s2 3 2.22 .6’s 0 0

• *13 1’. 1 .~ 0 — .0~ .28 5 3.89 .5’s 0 0
A13 14 1 1.~~O .9~s .50 3 1.35 .88 0 0
As ’. 1~ I •,,0 .1~ .30 5 3.93 .63 0 0
Al’s 15 1 .~,7 .2.~ .152 3 2.22 .611 0 0
*15 it. I .~o .0” .33 5 3.10 .81 0 0
*15 It. 1 1.00 ~9U .50 5 1.35 .88 0 0
A Ib 1~ 1 .20 — .8~ .25 5 1.76 .25 0 0
*10 1? 1 0 — 1 . 0 4  .39 3 .69 .21 0 0
A ll 1c 1 .‘s0 — .5’) .26 5 2.814 .35 0 0
A17 18 1 .33 .5~, .414 3 1.55 .3’. 0 0
Aa8 1+ 1 .~ 0 — .31 .27 5 3.%9 .39 0 0
*18 19 1 0 —1.0 ’. .39 3 .69 .21 0 0
A19 ~u 1 .~ O .0 1 .29 S 3.91 .55 0 0
*19 20 1 .33 — .~~~~ .154 3 1.55 .3’s 0 0
AgO 21 1 .1.0 .5k. •2’s 5 2.815 .35 0 0
A~0 21 1 .~s .5~ .151 3 1.54 .33 0 0
Mt 2~ ‘I •~ O .17 .25 5 3.69 .1+8 0 0
Ml 2g 1 •e? .02 .1+45 3 2.22 .56 0 0
A~2 24 1 •~,O .01 .26 5 3.90 .55 0 0
A

~
2 2. 1 .33 - .55 .4 1 3 1.545 .33 0 0

MI 2’. 1 .80 .3’ .27 s 5.13 .71 0 0
MS 2’. 1 .~,7 .0~ .4.4 3 2.22 .56 0 0
Ag’s 2~ 1 .‘sO .37 .2” 5 3.23 .450 0 0
Ag ’s 1 .33 .3e .39 ~ 1.5? .151 0 0

1 .00 — .02 .25 ~ 3.59 .545 0 0
M S  2o 1 •~ 7 .23 .43 3 2.22 .65 0 0
Mb 27 1 .~,O .17 .27 5 3.98 .62 0 0
Mb 2.7 1 .33 — .3s, .39 3 1.87 .151 0 0

- - Ag? 2o I .ts 0 .61 .30 5 3.29 .79 0 0
A4? 1 •t,7 .23 .543 3 2.22 .65 0 0
A~8 29 1 •~ 0 — .03 .28 5 3.68 .54 0 0
A~8 29 1 .~ 7 .22 .112 3 2.22 .615 0 0
Ag9 .1., 1 .1.0 .3’s .21. 5 3.60 .69 0 0
Ag9 3U I I.QO .96 .50 3 1.35 .66 0 0
*30 31 1 •~ 0 .59 .32 5 3.33 .76 0 0
*40 31 1 •~ 7 .22 .152 3 2.22 .615 0 0
*31 3~ I l.~ 0 1.20 .3? s 1.72 .92 0 0
*31 1 1.00 .9,~ .50 3 1.35 .88 0 0
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&ccvnple 3. This example illustrates the use of the maximum likelihood
logistic scoring routine (e.g., OPT4—2) without subsca].e scoring. Only the
scoring results are shown.

1.I

0)
14
S

.0 5
£4 (8

‘4-’ ..-4 81
0 ) Z

1.
‘3) ‘3) 0 1-~

4.’ -‘4 81 C) 0
4_I 1.’ ‘3)I (9 (9 $.4 5.4

z — ‘-4 ~ ~ 4 14 0
4_I U 0

‘3) 0 0 U
O ~4-I

... (9 S
4-i .-4 U 4_j .

~~ 4-4 0 0 •0
(9 Cr) u 0 ‘-‘ 14

C_I 4.1 .0 0) 0 5 5 4-I
o~~ s.~ 1~ 0) 0 (8

“4 I~4~ U~ $5. -.-+ ‘3) 5 —4 0
‘.4 n f l  o .-. 4.’ 81 ~~. 

0)
A.’ ~-4 ---S 0 ‘3) 4.4 4.’ (‘3 ~-‘ 4-’‘3) 5 (9 5-4

E ...,
(5 - .. o “4 0 “4
Z ‘3) ‘.4 81 0 ~‘4 0 8)

4.’ 5 0) 0) ‘3) 1.4
4) 48 )-‘ 0) 5-’ ‘-~ I’

‘3) ‘3) ci 0 5 0 4) 4)
4.4 4-.’ Cl) .,.

~ Q. .0 1.4 .0
.0 0 1< E (II 5

‘3) 5 1.i 48 01 0)
1-’ ~ Z E-’ ~i) Z ~~

* *~~~ s * s s s s * s s * * e  t * * * * * * * * * * * * * ** * * . *
A .J0 1 T 0 —10 .00  0 5 0 0 0
Au l I .~~O —1.0~ 1.20 5 .90 .20 2 .91
AU2 I .~0 —99.9’~ ~~9.99 5 99.99 —99.99 99 —99.99
A I3 ‘4 1 •q O — .2’~ 3.59 5 3.68 .42 3 .53
AU4 

- 

I .~ 0 —l.0~ 1.20 5 .90 .20 2 .91
A US 1 .4+0 .4~ 3.32 5 2.95 .35 1 •55
Au6 7 1 .4+0 — .29 3.59 5 3.68 .4+2 3 .53
Au7 a I .~.,O .07 4 .49  5 ‘4 .46 .58 2 .47
Aub 9 1 •~ 0 —99.9q ~99.99 5 99.99 —99.99 99 —99.99
AU9 I .Le O — .29 3.59 5 3.68 .4+2 3 .53
AlO 11 1 .40 — .11 ‘4.01 ~, 

4.26 .50 2 .50
Ati 1,~ 1 .60 .25 4.22 5 ‘4.26 .66 2 .449
A12 1~ 1 .40 — .29 3.59 5 3.68 .42 3 .53
At3 1’e I .~~Q .07 4.49 5 4.46 .58 2 .47
At ’e 15 1 ‘bO .~ 5 4.22 5 4.26 .66 2 .49
Aj5 10 1 .~ 0 .71 2.74 5 2.72 .83 2 .60
A.tb 17 1 .20 —1.0 5 1.20 5 .90 .20 2 .91
A17 le 1 .40 .‘4u 3.32 5 2.95 .35 1 .55
Aa,8 19 1 .4+0 — .29 3.59 5 3.68 .142 3 .53
A19 20 1 .00 .07 4.49 5 4.46 .58 2 .‘+•7
A,~0 2t 1 “40 — •14~~ 3.32 5 2.95 .35 1 .55
A~ 1 2~ 1 ‘60 — .11 ‘4.53 s 4.28 .50 2 .‘47
A~2 23 1 .60 .07 I+.49 s 4.46 .58 2 - .47
A~~3 2’. 1 .aO .45 3.70 5 3.70 .74 2 .52

25 1 “.0 — .29 3.59 5 3.68 .42 3 .53
A~~5 2o 1 .60 .07 4.49 5 4.46 .58 2 .47
A~~6 27 1 .60 .25 ‘4 .22 5 ‘4.26 .66 2 • 149

2a I .~~0 .71 2.7’. 5 2.72 .83 2 .60
A~ 8 29 1 •oO .0 7  4 .49 5 14 .46 .56 2 .47
A~ 9 30 1 .~s0 .45 3.70 5 3.70 .74~ 2 .52
A.~0 31 1 .~~0 .71 2.74 5 2.72 .83 2 .60
A.)1 3.. 1 1.00 10 .0u 0 5 0 0 0 

_ _ ___ • __ _ __~_.__;~rn ~~~~ 
— -

~~ - —-—rn---— -
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IPOOL for this example consisted of 10 items:

1 1.00 —2.00 .25 1
2 1.25 ~1.50 .25 1
3 1.50 —1.00 .25 1
44 1.75 —0.50 .25 1
5 1.00 0.00 .25 1
6 1.25 0.50 .25 1
7 1.50 1.00 •25 1
8 1.75 1.50 .25 1
9 1.00 2.00 .25 1,

10 1.25 2 .50 .25 1

The data for the 16 subj0)cts used in the example are shown below:

Ioihoxl2g
1 2 3 44 5 b 7 8 910

2 B  ‘4
lob
2 4 6 8

5
;• 11111

1 2 3 4 5
‘ 4 0  5
00000
6 7 8 9 10

S E  8
11000000

1 2 3 5 6 7 8 9
6 F  2
10
3 7

7 G 6
011111

1 2 4 6 8 9
8 H  9

• lOl o lO l O l
1 2 3 ’ 4 5 6 7 8 9

9 1  7
1100110

1 3 ’ e 5 6 B10
l Oj  3
110
4 8 9

.•-.. • 4 - - S. - • . •~.-~ - 4-
, 

• . .
5 - ,

.
—.- S

. -
-- 

4_ -•
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I lK  8
10110110
2 3 4 6 7 a 9i0

12 L  9
101111111
1. 2 3 ‘4 5 7 8 910

1 3 M  5
01001
1 3 5 7 9

14~~~~~~ 6

00000 1
4 5 6 7 8 9
15p 7
1011110
1 2 ’ 4  5 6 7 8

1 6 0  6
011011

2 44 5 7 810

The program control cards for this example were

10 10 1012 0.00 1.00 2.00 0.00 0.00 .10 1 3
(8X. 12. 3F10 .2’ 12)

0
( A2 , IX , 2A 2 , 12 ..,b0 I 1 ./ 1 0 12)

L)ESCRIPTION

In this example the maximum number of items attempted by anyone was
10 (MMAX—l0). Although the code for omitted Items was 3 (IOMIT”3) , IFLAG 1,
which means the key to each item was read from IPOOL; however, in this case It
was 1 for all items. OPT1~l means that item Information for the fIr s t  10
subjects will be printed. Editing of Item parameters was requested (0PT3 1).
The scoring algorithm was maximum likelihood logistic.

The entire output for this example is shown on the followthg pages.

— t~~~~~~’ ’ - 
— • 

—• —

—~ •
4

~5•S ~~~~ ~ S  - -

_ _ _ _ _ _ _  _ _ _ _  -~~~~—
-—
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A DAPT IVE jI CHOIO,-,US SCO RI ~G .1141 THR~~ PARAM LTER MODELS

t?~~~~~~~~Y~ 
~~~~~~~~~~~~~~~~~~~~~~~

u;4 lv1i ~Sfl’l OF M1),, 4~ S0T A
s451.S. MT~,j N. 554555

10
14)

IOMI I 3
LFLAu = 1
~j PT 1 1
~4PT2 0
OPT 3 = 1

• 5iPT’. = 2
= 0

T~.S = 1.fl()
,5 .4AX = ~ .00
uMAX = 0
c,MIN = 0
CM AX = .10
VA R IM,.ILE -O RMAT Fj R P$J0L (8X ,12.3F10.2112)
5AR I.. ()LE IORI’sAT Fc,R W TA : IAP ,1X .2A2 .12 ./ 10I1,/1012)

ESC CI PT 1ut~I

I. -~~A
I.

-~~ ‘4
z 4. 

5—

‘. z
44 5,

‘.4 44.
44
U I. I.

—5 ~. 0

~~ ~~~~ 
44. 44.

4 5 4 4

p 0 .5.

• ‘••~~~ 4.4 5.. 44A 0~~~ 44 5..

~~ ‘~~~‘-.

~ 
1 i.ba 0 .10

• 2 0 1.25 0 .10
3 1 1.50 0 .10
4 1 1.75 0 .10
5 1 1.00 0 .10
o o 1.~ 5 0 .10
7 1 1.50 0 .10

• 8 1 1.75 0 .10
9 1 1.00 0 .10

10 0 1.25 0 .10
2 B

2 1 1.25 0 .10
‘5 0 1.75 0 .10
6 1 1.25 0 .10
8 0 1.75 0 .10

3 C
1 1 1.00 0 .10
2 1 1.25 0 .10
3 1 1.50 0 .10
45 1 1.75 0 •10
5 1 1.00 0 .10

.UB.JECT C 10: 3 HAS ALL ANSWERS RIGHT
45 1)

• 6 0 1.25 0 .10

‘
I 7 0 1.50 0 .10

8 0 1.75 0 .10

1: :~

- 
• -

~

—

-, . 
- - S

_ _ _ _ _ _ _  -~— 
I 

-- - -
~~~~~~~
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306JECT 0 ‘5 HAS NO RIGHT ANSW ERS
S

1 1 1.00 0 .10
2 1 1.25 0 •10
3 0 1.50 0 •j0
S 0 1.00 0 .10
6 0 1.25 0 .10
7 0 1.50 0 .10.
8 0 1.75 0 .10
9 0 1.00 0 .10

a F
3 1 1.50 0 s It)
7 0 1.50 0 .10

7 (1

1 0 1.00 0 .10
2 1 1.25 0 .10
45 1 1.75 0
6 1 1.25 0 .~~0
A 1 1.75 0 .10
9 1 1.00 0 .10

B
1 1 1.00 0 .10
2 0 1.25 0 .10
3 1 1.54) 0 .10
4’ 0 1.75 0 .10
5 1 1.00 0 .1..
a 0 1.25 0 .1.)
7 1 1.54 )  0 .l~
6 0 1.75 0 .1,)
9 I 1.00 0 .10

9 4-
1 1 1.00 0 .IU
3 1 1.50 0 .1U
‘5 0 1.75 0 ‘Ii
5 0 1.00 0 .1k,
6 1 1.25 0 .10
8 1 1.75 0 .114

4 - 0 0 1.25 0 . 4 - U
15.

‘. 3 1. 15 0 .10
O 1 1.75 0 .10
9 0 1.4)0 0 .10

~AS(~ READ: 16 CASES NOT CONVIRGED C

‘I
5.
I-

C L
C
‘4 ‘.4 .~~ 0 0
44 U I — —

0 C ‘..

~ ~~~~~
— 0 

~ Ii ‘ 4 —  0- ~4.4 U ~ — ‘4 -.C — • I. —
I 5, ~ ‘ C  A . -  ~~~~.

~ 
- .1 ‘ 5-- 0 5 .

Z — ‘ 5. 5.. ... 0 C
‘4 5. ‘4

44 15 5. 4- C t  5. ‘ . .-  5.
44 5 , 1 5  C E~~~ ~~~‘4 ~‘ 4) - 5. —
‘4 ‘4 .~~ 

5. -5 Q~ C .0 ~ 0 5. C
44 4 4 •  C 

~~~~ 
4 4 —  U 4 4 4 4  0- ‘4

44 5. 4 5 C  ~ 5 , 4 4
5- A. ~~~~ r 5 - - <

A 1 .7o .315 9.65 10 9.65 .71 3 .32
B 2 .50 — .2 2 5.06 ‘5 ‘4.66 .153 2 .1515
C 3 1.00 10.00 0 S 0 0 0 0
o 0 —10 .00 0 5 0 (i 0 0
E .25 — .78 3.15 8 2.69 .2’s 1 .56
F 6 .50 -.09 2.57 2 2.57 .50 2 .62

— 6 7 - .83 .79 3.13 6 3.12 .87 2 .57
H 8 .56 — .09 0 .85 9 9.55 .50 2 .32
I 9 .57 .05 8.03 7 8.03 .58 2 .35
5,1 lu .67 .153 3.18 3 3.20 .77 2 .56

11 .63 .13 °.62 8 9.62 .62 2 .32
L .89 .89 ‘5 .02 9 ‘5.02 .89 3 .50

t N i.~ .150 — .29 3.59 5 3.66 .‘4~ 3 .53
N 1’. .17 —1.0 8 1.150 6 .85 .18 2 .815
p is .71 .25 7•55 7 7.52 .68 2 .36

~I 1±1 - I1~~~~~~~

J1

~~

1

~~~~~

T 

7 .03 6 7.03 .67 

-
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Following are sample runs from LINPSCO using graded models and the
nominal logistic model.

Graded models. The IPOOL file for these examples was

j. .~~ 3.1) 2.u .~.5 sC
I- ‘S II

~ . 4-s : ,  c’s ’  ~~.(J ..J.V ~~~~~~~~

.~ ~~~~~~ 1.0 0.i, 1st ,  ~~~
44 ~~~~ 0.0 —1.0 0.0 — .~.t
.J ‘. . -~) —1 .0 ~~~~~~ — L .~ ~4 . ()

U £ ‘~~ ~~~~~~~ ~~~~~~ — 3.t) ~~~~~~~

The DATA file, including subject identification and item responses, was as
follows. Note that in coding the item responses, a “1” indicated the “best”
response and a “3” indicated the “poorest,” as specif led by the item
difficulty parameters in IPOOL.

1
2 .~~21il

14 1i?ie~14 - -

, .-5 5 . .)

‘ s.c_ 4_ t_
~ ,.

7 J~~?._21
U .-.~ -
9.

1.1 Ic.
ii
.a.2 :~.,3iu
.L3 ~~SS21U
.L4

The following is an example of the logistic graded model (OPT4 ’l) with a
1.7 scaling factor. In this example the b parameters for the items were taken
from columns 3—4 of the IPOOL file. The option and format cards for this
example were

u (-.4c31 ¶ i.70 4
LII ~~~~~~~~~~ 1x .F ’4.1)

1 2 ‘4 5 6
U O sj t ) OJ

(2,~7,A1 ’otI,4..PL~. ,
~~j J  O~ T ’ IZ LOGISTIC GRAD€M ~lOD~ L~~ USES TMI~ FIRST PAIR OF B

i~i~,cA ~~L T _ i ~:, F~~ )v, ITt:’..i PO~ L

- 

5. - 
5- 

-

~~~~~~~
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The output from this run was as follows:

LINEAR POLYCHOTOMUS SCORING iITH TWO PARAMETER MODELS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
UNIVERSITY OF MIr~i(S0TA
MPLS. M INN , 55~455

INUP = 6
MMAX = 6
IO M I F  Ii
uPTI 0
oPT2 1
OPT44 1
MAXCAI 2

1.7
VARIM~LE FOR MAT FOR POOL 

(Tj.1X.F3.1.2(IX.FL&.1))

~ARIMbLE FORMAT FOR DATA (247.A1,611)

~XA Ms’LE Ru~1 UF THE. LOGISTIC 5;RA~ EQ ‘400EL——USES THE FIRST PAIR OF B
i’ARA .,t TCR~, FF4Or., ITCM POOL

IIE M ID 1 RE.JECTlOi~ 0
A 1.50
a: 3.00 2.00

Ii~ M ~D 2 REJEC1IOI4 = 0

B~ 2.00 t.O0

Ii ~ l~1 ~ 1.50 ~ RE JL CT IO U U

B: 1.00 0

I1~ M ii) 
1.50 

44 REJ~CT1Ol4 = 0

0 —i.00

11cM jO = 5 REJECTION 0
~; 1.50
B: —1.00 —2.00

IjM ~~ 1 5 0  
6 REJICTION 0

B —2.00 — 3 .00

I 

~~~~~~~~~ 

CA SEs ~~~~~~~~~~~~~~ ~~0~~~~~~



.-.—
~~~ 

- -5-.-- —.5-- .

_____________ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.5.15...~ - ,

47

5-’

J. .3.~ — ‘50 ‘4.72 6 2 ~~~~~ .1 4 6

.‘ u ‘50 ‘3 .72 6 2 ‘1.2 5
~~~~~~~ 

.35 3.69 6 3 4.~~8.oi l•~~2 ~~~~ ó 3 14.11 .u2
~ - .:~.., - . .uo- - 14.21 6 3 ‘4.~~1 .‘l’ )

J -- ‘JO ~ .16 6 2 4.41 .1444

I • - ,~ ~~i 4.t~.8 6 2 ‘4.25
5-’ ‘ •t~t ‘4 .~M u 2 4.25 .145

•5•j — .Q~ .96 6 3 ‘4.41 l.O~lu .5u .32 2.65 ~ 2 4.25 .bL

14. u i.51 4.P6 6 2 ‘4.11 .45
.3t~ ‘-‘JO ‘4.20 6 3 ‘4.4 1

1. ‘
‘
~~~ I~~~1 4.t~6 ~ ~ ‘4.11 .145

l’s ~~~ ~ ‘s9 3.12 6 2 2.i~7 .57

Following is an example of use of the normal ogive graded model (OPT4”2)
using the same DATA and IPOOL as the previous example. In this example the
b parameters for the items were taken from columns 5 and 6 of the IPOOL file.
Input control cards for this example were

t~ 
t - ~~~j ~~ 2 4

(I1,1A,’-3.I,11.,.F’4.1,Ix.FI4.1)

3 2 .i .4 5 6
LiO (,uOO
L2 1 t7 .A 1’o I l)

LX& ~4PLL Ru~i ~F THt. ~-jOR~.j;5L OGIVE bRADE~) MODEL—’-USE~, SECOND PAIR OF B
~- ‘A~ ,,M E1E~~j FRO..~

, ITEM POøL

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

- 5— — - ~— .---- -5 - -5-- - - ---- ----- - --- - 
-
~~~
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Output was as follows:

LINPSCO

LINEAR POLYCHOTONUS SCORING wITH TWO PARAMETER MODELS

~~~~~
‘8

~~ ~~~~~~~~~~~~
UNIVERSITY OF MI:~.~ESOTA
MPLS. MINN. 554455

AD MIT = ‘4
UPT1 0
QPT2 = 1.
OPT4 2
MAX C5~T
V A R I MLiLE FORMA s FOR POOL ~(II,jX.F3.1,11X.F(4.1.1X.F’s.j)
VAR IsULE F O R MA T  FOR UATA (2A7,A1 ,611)

LXAMPLE RUN OF THE NORMAL OGIVE GRADE,) MODEL——USES SECOND PAIR OF ~
j’ARAt..~TERs FROM ITEM POOL

h E M  1D = 1 REJECTiON = 0
A 1.50
B~ 44.50 3.00

IlkM ID 

~.so 
d REJECTION 0

B~ 3.00 1.50

11~ M ID 
~.so 

~ REJECTION = 0

B~ 1.50 0

I1~ M ID ‘4 REJECTION 0
0 —1.50

Ii~ M 1D S REJECTiON 0

ii: —1.50 — 3. 00

IIEM ho 6 REJECTiON = 0

B: —3.00 4+.50

515 REA O
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.3 ., — . 7 5  2 . 9 7  6 2 3.36 .58

.5(j - .15 2.97 6 2 3.36 .58
— .3 .~ — .0 +  ~ .U0 6 2 3.42 .35

.~~/ j . 3 5  P .05 6 2 3.39 .35

.3~ — . u o  11.9A 6 2 - 3.42 .29
u 0 — .00 11.58 6 2 3.42 .29
/ .3. i.O~ ~‘.50 ~ 2 3.39 .32
o ~i — i . U q  ~~~~~~~ 6 2 3.39 .32

.5u —. 00 12.~il 6 1. 3 . 4 + 2  .28
.7s 12 ,2~ b 2 3.36 .2~

u .~.25 
¶ .1~ 6 2 3.35 .44

14.. .5u — .,Jrj 3 .1 9 U ~! 3.42 .bo
.~~)t _ I d~~.:~’j  ~~~~~ 6 2 3.35  .44

1-s .3~i .:‘‘-)2 2.1’S u 2 2.25 .70

Nomina l logistic mode l. FollowIng is an example of use of the nominal
logistic model (OPT 4=3) . The DATA file was

IO L.Ol ..8 994~,L.54i3’411i~ 22414221l12111L4111 141111121111111111
10002 3B1O.~b3’45411i414li’4I.’4141l4’4l1I1141l11i1’41~ 1411141411110u03 38 9’s000M241l+11~~1J1 441214l2ll1’411 1144111111411112141
iOuOb i81O4245Q424222’4144e42421114~ ’442’321222’4212121212222241
±OuO4 .8 9~ 54344411414’414’41141444’44’41411114~ 1411114114141144411
iOuOS 3AI0’s52t~b4i11441~~12145511211221 1J1 311111555555555551
10u04 .810..~5’4454143t,11111Sl4lll14’4l1.L5l.Ll1411 4lil1ll11l41ll
lOvOb 38 9’~i3 94232455i432331435214I555b5555555~ 55555b55555
10u09 3810 444’4x’42124.~52232134’4x

3I242i 44124i21j14321222554
lOulO ,.810t,15O944~4#441l14445111~~1111’41114141111j1111114q141
lOull 3810329’4b413.l1111.151141113j111111i.lllllltlllllllllll
10u12 i810Q 92’4423231..i343331142~ 22513j3251122144511242151
±0013 3810L”eO ‘+‘+1414’4’+a.44lll’41414’4’4111’4’4I~41144l 11’42141511111
lOulS 38 9~ 2’4Sb41le4b12~ 32544’41j4~ 1 1111111.21241 i3’4~4l1112141
10u14 381O b 9b3 b L #~~ 1i241i 442 144144k’41~~~1121’412114111411115441I
lOuiS 3810Z~12954211141j1244i111’+11I111.j1L11111t1111ij1I141
IOul’+ .38103952U52’+’4132113142111’42512111111’4111 1411111311451
iQuib 3810~248’441144tl±413241i1’4141142’44143144i1i’4i14i15l41
10U19 313iO328254441’41411±I442411l2~.j31134142’4i1241l2i31i11k-114
10u20 iO’s114.3’4444141441’4144111’444’e4’114114’.Q 14111141441441e’44

- 4
.

,- - - 
~~ . - 
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50 
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IP1”~ 
,$eA7 u.OUU000 0.0000.jC -0.000flvfl 0.uCuoOOwas J. U.OOU u.U000uO 0.900flU0 0.iJOUuOO

~~‘.2 u .tj?v1,~~ If.tbS5..9 —j.21~ 1L 3 0.L?u’e05
j.o’...205 U..~b6$.i —2 .ltt ,(,17 1.00ó591

.);~.41 A.03-~~~7 ~.oo7~~ 1 —1.1~ 7E’~~ o.:tu~ 2a
o.90.-71l U.711S’.3 t.’+32’)lA 1.~ 3?b89

.,2U’e u.8l.4~~l ~~~~~~~~ —1. 13~.7~ 3 —0.059209
Vi 5IV(J ’J? U.iU31I~, ~~~~~~~~~ 1.iOO53~

.~4e . 2  ~~~~~~~~~~~~ —U .U~ b8j9 ~ ).93O2~ 1 0.L4.~7’e~i
, j .9 ’4Iq~ ’+ — ) . ~,t0b .~3 — 1 . 5 ~ j 9j8 t . j 544 55 h

jl al j . 99 ’ O’.” ,J.ub7U. * ., J.014o348 0.lOo3bO
u.~~2..°’.9 —u .~~11?.’. —f l .M~4~~11~5 1.j3U7b’4

.~‘ei1 j.90.*33 U. ’5 t2 ’4 u .) i .3 t 5 7 ~~0 ~~~~~~~~~~~
~ .3~~’.39’ê U. i9 f .b.,~. ‘2.2M~~ jO 0.7r ’O3.~U

j~~/7 J.93..~ 77 ~.j.252../ —I. 01 .3~ X3 — Q.,J’47610
A • IbMq€ ~.’) —u • ~774 .a ~~~ • ~~~~~~~~~~~ 0 .41)~ 91~..~‘ev8 ~~~~~~~~~~ U. j b5-4~~7 1.Il ~d’-~u8 — 0 . ~~’4 ’e ’~b2
. 72. ’j CU —U ~~~~~~~~ 1 .‘ o’~.c,5 I .~~~ 72&, 7

a2..C u.1+O..l&~ ~~~~~~~~ —0.6?~n4? (1.U.~.Z33d
— (~.1u 5U~ 5 ‘U.I)~l1o~j I~ —& , . 7&4’ b’.8 0.9uji7’,4

aO.2 u.’~1’.OOt, —j.U07l~ ,. —fl.’101~,.,3 —O.u2 (Jo~ 7
U.&l~iu1~~S U. .,nI’l..U — i . I3~~~96 (J .o t~~221

.)U 4M u.UO..qO’) u.0)OIL, il f l . f l f l O CuO Q .OSJ000 L ,
u.UU’~’)(jU u.JC’)~J,,U O. f l f lUf l~~’) O.~~QU~~0O

.,~4u S  ~~~~~~~~ —u.Lb05...  —I .04’ç 75 —Q.t jUt)201
u.7U...19’1 ~~~~~~~~ 1.271 ’ijl j.U’+0191..~~3 .J.-~’e. ’V 4 /  U.A2O 5.. .. ~ l .2 iu ’ .~4 0 . L 5~479~A . O l~.’1Q ” —u..~~ 71.~; —~~. 4 Ot j4s ,1  j .Ul+u3(~

.~~u7 ~.19...70i u..~d93~ j 1.à~1d9L~ O..1.)’.9U.~
~~~~~~~~ —~1. ,27L, ., — 3 . 3 0 4 ri ’)l4 j .~~iJ7~~~1

..0~ 9 ~~~~~~~~ ~~~~~~~~~~~ — 1 . 2 0 . ~99.3 — 0 .0399 h5
~. ?~ ..21~i 0. l~luu ~~~~~~~~ O.904.127 .

..uu2 L .Lov i~.~9 — U.u097 ..,, —1.SC 1 U2~j4 3. .~,5 )2Ut~
v.1~~~U~~e ~~~~~~~~~~~~ —1.~,3o3o5 1.93/3Th

j Oj 9 L..~3 ’ t 1 U  ~~~~~~~~~ — r •q 314-jq 0.2 .~3c~l. -

£.~~lA 2c~~ U . J 121.. i —j . 52 7 7~ 5 0. ’4fl4 3u9
.)2/9 & . O c ~..419 U.03”L..1 f l . ) 5O”.F3 0. i06f t .~2

~~~~~~~~~ —u...,374 ..., — l . 2 4 7 3 ,~6 ~ .9’3jle5..
.~.co2 ~~~~~~~~ ~~~~~~~~ ‘1 .,~2&i .’US 0 U,.130~

~•09,q,0 U.u93b~~1 2. l46~~9lQ 0.’IbuO9’4

~~~~ ~~~~~~~~ ‘).U~~~~ .i~ 1. ’)~~.)~~o1 —~~.~~~ 43j O
j .ob..73t4 0.ubB7,u 1.73’+1t~3 0.13920~

~2u43 A. 0~~.’~~? u.1’,3b-. .~ — 1.0’$I.~~ 1 — 0 . J .~ 984”
A .~ll ”~5 Ut ~ ~~~~~~~~ —1 .bSb°&17 ~~~~~~~~~

.,..u ’e u.99.7c’l —v. Uo7?u 7 .06..~7~~’e ~~~~~~~~~~L.UA .~’4o 7 — U . , , 57~3 .... 1 .l 0. 7bo62~
,

.,‘ejO j..~4_3..9 ~~~~~~~~~~~~ — 1.’~3t~1t~2 ‘~. i J - + 2 7X
~~~~~~~~ —u .~~~’i7.~ -? .b3b2U2 j.~~~.~D5?

.~U u b  ~~~~~~~~ U.L~ 44 u-i  0. ’)~ 27 .~S —Q. ~~’43 Qg~Q
£ .~,4.U3flU ~~~~~~~~~~ ~~~~~~~~~ 0 .27 ’ . ,U-~7 ~~~~~~~~~~~~ J.~.j61,3 —~ .2Ub4 7O —O.ibol 3h l
...16..’491 —U. .~~37..7 2.~~t1’..I1 0.~~’97bl

.~)..2 ,,.~~0 . l9 7  U .uU21.~ —fl .~i1~~~J0 0 .UJ 7000
.,.,s7...u,o7 -.J.’.727..- l.0~ 4f-~ 9 O. .~~iL97 -

j0~ 1 ~~~~~~~~ U . 3 ~?j.~ 1 . I) 9 4 )J 4 7  —Q.7- ~737à
...7u..’e.~1 ~~~~~~~~ — 3.787’~.)3 —0 .u5’sq~ -.j~~~I A . . ~l,~’ oL ~~~~~~~~~~ — i . I34. .~~ —0 .iljl3e
~~~~~~~~~~ J .4 .~~17 i .  — 2 .  9’jb o.u,’e737

..u~ 7 A~~~~.’l39 U...b’,’e .,. 2 . I ~B i 1 t 7  0.~ ’.9t~0u

~ .lJ’ ..91U U.U1113. 4 —3.3313.3 5 j.~ t,70n~
.~24b &.~ h”e-’é~ —0.u07 l-.~ —1.2°t~7I0

~~~~~~~~~ ~~~~~~~~~~ 2.b’”e1.~6 ~~~~~~~~jO/u j.2bj 9u~j ~~~~~~~~ —fl .a8 9 1~~2 0.o2319~.).01-191 —0 .4.47 ’,-,.. —?.Il31(,94 — O.~~~99O9
..2.5 ~~~~~~~~ —0 .,m 94 ,.I — 0 . ’,69305 ~~ ..~9j b23

~~~~~~~~ •O.j U ’~ )L 
~~~~~~~~~~~~~ —u.0 ~~ 3:b

JUjh £.‘45.- 11,7 j.~ &’l .,; i.o20.i7 —Q .~ U~~~~’
A • 77 .329 0. ~~~~~~~~ —? .‘ 27., /7 1.

J.~,. ’, A . 1 1 . .i.. 3 —U.U ~ 3~ j . —() .~423 ”.3 —fl . 2 ’ J .~12,,
~ .2 1-~1oi — U.4(I3u~ 7 —1.05 7 .~..e5 fl.u& Li~140

..2..9 £ . ‘~099 .J.u3-,3,,, 1.77~ 1d L3 0.44Uo713
. . 5 9 ..j~Jn — U.A1 ! 4 ( , uJ  3.5 .,’) I .,

.,,)...S £.4b..U/ b ~~~~~~~~~ 1l . ,423 ,~ .3 —0 .~,d’I71~)
~ .43.~U 9~4 U.j314~ u — 1.~)3~~ A2 ..0.3?L.~9u

.,~~6 £..~U’-~ b’I .~~.,1p-, - , — fl.~ 2’.’~~7 .j 3 ~~ .j
£ . 7 7”C~~ — U.~~42~.’~.u I. 4’.?u 7 0.31. 3~ ’)

.,Q..F4 i.0bt,~~ b — .a.1i1.~..2 —0.H60~~.fl — n .G U9,)’~e.

,, 0.. ’4 ~~~~~~~~~~ v.~ o7s~ L —1.~~~~’i7’~, ~~~~~~~~
A.O U” ?~~’

) u.~,6O’lv.~ —3. f ’u~~L7 0.9’iI 5~ ’#
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j ..3lO(-~,4 — j . . . 78~~i I  ~~~~~~~~~~~ ~~~~~~~~~
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Input control cards were

‘43 22300 3 5
( I ’e, le ( IX ,F 9 .6)  ,/ ,4X ,4 ( 1, ( .F 9 ,6) )
~3333333333333.i333333333333333~33333333333334417 3251 3422 3(421 3277 3408 3010 3(405 3213 3079 3002 3220 3(40(4 3430 3021 3221

- ~
- 

. 
3076 3236 3029 3078 3~39 3023
I000001000000000000000
(2A7.A1”4311)
~~XMMPLE RUN OF THE NOMINAL LOGISTIC MODEL

And the output from this run was

LINPSCO

LZNE~ R POLYCHO1OI~1tjS SCORnIG wITH TWO PARAMETER MODELS

~~~~~~~~ ~~~~B~ o~~~
0
~~~

AM
th I IV ERSITY OF MIu~ESOTA

- M~~~LS. M I NN . 55455

INUP 43
MMAX 22
IOMI I 5 

-

UPT 1 0
OPT2 0
(JPT’4 3
MAXCAT 3

~AR IA6LE FORMAT Fop ~-‘OOL 
;(I4.4(1X,F9,6),/.4~~,le (1X.F9.b))

V AR I

~~

,L

~

LE FO R MA T F(~R jATA :(2A7pAj,43I~~~)

EXA MF~LE R U N  OF THE N O M IN A L  LOGISTIC MODEL
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11~ M 10 = u 
0 

RI..jCIION: 1

0 0 Ci 0

1~~ M W = 32~ 1 Rt.Jt~C11ON 0
A : 1.014 .01 —1.1 6 .li
a: •91 — .7 1 —1. ’e3 i.2’.

ID = 
~~~~~~~ 

n~.4~CTlo ~~: 0

- 
B: .9S — .~,1 — 1:59 1:15

ij M 10 = 
9~~’.fl1 45 _~~~~

C T I O
~ ’.
: C

o : 1.32 .20 —2.29 .77

l IEU 10 32~ 7 R~.JL C1I0N 0
A :  .94 .13 — 1 .0 1  — .05
o: j . 75  — .28 — 1.UL ) .4 1

10 :~~~~ 4U~ ~~~~?~‘.
: 0

B: .72 — .50 —1. ’i.~ 1.24

1~~ M ~~ 0 
0 

RLjCI1ON
Q 

1

6: 0 0 0 0

l IEU ~ ) = 3’..,!, 44.J~.C1iOrI = 0
A; 1. 22 — .16 _j • (j !, — .01
B: .70 — .‘ .7 —1 .27 j.0’s

1I~~.l 4 )  
.94~~~~.12 1

E~~ C T 1 O~5 
0

u: 1.62 — .23 — 2 . ..1 1.01

1,144 13 3uF9 R~.jtCTLOLi 0
A: 1.38 — .1’. —1.20 — .o.
o: 1.75 — .66 — ..Uu .97

1 1 4 4  ~L) 30u~ RLJLCI jON 0
a; 1.16 — .01 —1.5 0  .3~
~ : .16 — .51 •1.~,’. j .O y

‘
~

-
~ r 3 ~~° f l ’. ~L~~ CTIOy~~ 0

o: 1.bd — .09 —1.73  . 1’.

1*~ M IL ~9~
4 

0 7 _ ~ L~~~C11~Ijl’. 
0

a: 1.02 — .(b — 1 . 1 ~, .79

h E M  ID 3 4 U  f~LJ1CTh0N 0
a: 1.24 .08 —1.4 ’ s  .11
0~ 2.36 — .80 —2. 6 ’ .  1.13

hI ~ M IL) 
i
aO_A 

39 
L~~ c rLo~’.

: 0

~a: 3.11 .13 —3.7 9  — .Ob

1i ~~M LU 
~ .3~~

24. L
.13 ~~~~~~CT 1 Otj 8 0

o : 2.12 .28 —2. 50 .09

IIE.l1 I~J 30/,, RLJ5- CTLO~l = 0
A; 1.~ 9 .23 — .tiY — .o~0: 3.02 — .45 —2.141 — .39

1*EM iu : 32jo Rt..JICIION U
A: 1.20 — .16 — .o~ — .1~U: 1. 77 — .244 — 1.41 ’ . .31

l~~ I~ ID :
•6~

u .Y
• 1~, C1:?~ 1

Z 0
B 1. 31 ~ A~ 3B —1. 59 1.65

ItEM ID 3018 RE.Jt.CIIOU 0
A: 1.69 .13 —1.3k .~~44bU: 3.63 — .59 —3.13 .10

11) r 3~~~~o’s 
_~ L 9~ C ThO I~1

: 0
B: 2.39 — .11 —3. bo 1.31

t II~~! 10 jOL~ 07 RLgt. CT1o~9 
0

‘ 
B: 2.244 — .33 —1 :5’ . .37

CASLS RLA U = 20 CASES NUT COIIVLHGEO 0

::i

~

;

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(~ 9~~L+ b 4  5 .50 — ‘63 9.16 20 3 9.12 .33
6103tu34 5 .65 — .02 6.24 20 3 6.21 .40
~ 9~e0uo 5 .55 — .33 7.94 20 2 7.60 .35
~104245 0 .15 L’31 12.19 20 2 12.11 .29
8 99543 4 .35 —1.Lo 11.43 20 2 11.44 .30
8104528 5 .59 —.47 7.11 17 2 7.11 .37
8105544 5 .71 — ‘07 5.17 17 3 5.16 .44
8 993~4 9 .19 —1.73 9.55 16 2 9.55 .32
8105344 4+ . .32 —1.40 11.89 19 2 11.89 .29
8105150 9 .47 — ‘69 9.C2 19 3 9.00 .33
81.05294 5 .9.. 3.12 .59 19 3 .59 1.30
8±03849 2 ‘lb 1.90 i(~.86 19 3 10.85 .30

8105404 4 .45 — .72 0.60 20 3 9.59 .32
8 95245 5 .56 ‘bi 7.98 18 3 7.g7 

~~~~8105983 s .43 —1 .05 11.34 20 2 11.24 .30
8105129 5 .70 ‘00 6.17 20 3 6.14 .140

8105952 B .47 —.85 10.09 19 3 10.09 .31
6105248 ‘4 .55 —“49 8.39 20 3 8.39 .35
R~ 052b2 s .40 —1.03 11 .18 20 3 11.18 .30

51014114 3 •3u —.98 10.94 20 3 10.95 .30

- - -5  5-- ,
•~~~~~

.
- • 

~~i
_ _

~~~~~~~~~ ..~ -

- — -5-——- - -- 
5- - —  _ _ _ _ _ _ _ _ _ _
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• APPENDIX C
LINDSCO FORTRAII PROGRAM LISTING

PP~~~ L~4 P~ L I~~ SC0 (P4PUf ,0UT PUT ,D*TA ,IP0OL,T*PE1~ O A T A , T A P E 2 = I~ oOL , TL 1.
iP~~J.PUNCH )
OTMENSION ITE PU600), *1600), 5(600 ) ,  C ( 6 0 0 ) ,  I N A O ( $ 3 0 ) ,  K F Y ( 3 0 0 ) ,  3

II~ (J(300), IFORN(6), LRAW(300), IMAOS (300), IRESP(3j0), I S *D ( F - 0 . 2c  I.
,~ ) , AOMI300), ~ON4 30O ), COM (300), ISADS (300). OESC (24P, HAMF (~~), IF 5
.i)~~$1*5) ,  NISSI25,2)

INJf l i~ R OPTX,O PT2,0 P 13, GPT4 7
‘~~AL ITOT 8

q
• .. .... 3~~ 3~~•3••3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3 3 3  3 3 4~~ 3 3 3 3 3 33 4  j f l
• 3 i t

~:t.D C0II0~~S AND PROGRAM PARAE’ ETER FPOPI INPU T FILE DATA IS O~’ TAP~~2 • 12
4 4 1’

1~.
XPUOL=2
~ E A 0  50, 1NUP ,M,OPt1,OPT2,0PT3,0PTk, TS,TSS,AM A X , 8 M L~~,t~ lAX ,CMAX , 10”

~ IT 17
‘‘- 40 55, (IFORMI (I),1 i,3) 18
D E A D  (IPOOL ,IFORNI ) (ITEN (I) ,A(I) ,’3(I),C ( I) ,1 1, I N U ° )

3 3 4 3 8 3 4  ~~3 4 3 3 8 3 4 3 3 3 3 4 3 3 3 3 3 3 4 3 3 3 4 3 4 3 3 3 4 3 3 3 3 4 4 3 4 3 3 3 3 3 3 3 3~~~3 • 33  3 3 3 4 4 21
• 4 2~..• ‘ 22
•~~T~~’/T ~~~AI)1~~G THE SPECIF IC DA T A  (SPECIFIC FQ~ THE 9UN ~ ~~~OM TH~ P201 ‘ 2 ’

~~ T H ~ I T E M  io.s L~~M I N I 3 T E R E D  • 2’
‘I-~ J I’~ Tf’r PE JECTED i T E M  ID S •
•~~~V IS 1H~ K E Y  FOP TH~ ITE MS IN I~440 2
•s!:C is 1U~ ~4IJM~~EP OF SJ R SCAL ES THAT W ILL SE G IVEN TO Y H  ~~~O(,.’~~1 ‘ ?~
•5I~~ WIL L  HAVE THE ‘UM ~ EP OF 1T~~MS IN EACH SIJB SCA LE TOGE. TH ‘ W ITH 1H~ ‘ 28

..-~~E OF tH~ S U6SCA L ES • 2~
*I~~~ O IS THE u r N  ~O 5 ~N EACH su~ sr~*ii • 3’
3 3

:. . . . .3.,4...3•$434..44•*.3.334344.3334343... . .333334,..8... , . . .4..••..:

- ! E -~~~f) ,1. (INAD (I) ,Irl,M) -34
Jr 4fl 52, (I~~EJ (I),I i,M) 35
u~~A~~~ 52,  (~~y(~ ),~ :j,M )
9 C A 1)  ,i, (LFOPM (i),1 1,-k)
- “ A )  55, OESC 3’
-‘~~INI I. ’3 30
“‘INI 5’., INUP ,M ,I~~P’IT ,OPT1,oPT2 ,O0T S ,30T4 ,TS,TS1.A .. , X ,~~M 1 ,~,~2 I.,

:M~~x ,1FOI~M 1,IFORM ,0ESC
C IMOSE ITEM ID S THAT A Pt P4 II~~j  A RE SET TO IE ~~ i~ ~3 

ITE M ~
)) ¶

C WILL BE SKIP PE ’) OURI’ .G TW E CO M P’ JTAT ION S
C’) ~ L~~L, M

1 I~ (1~ EJ(I).fO.1) IN*D(I)=~
.‘~~A D SUBSCALES
‘/ AJ l.a, P.SSC 6’
IF (~-SSC.EQ.0) GU 10 5 4+8
•‘AO 56, (NTSS (I,~ ),NIS5(I,2).,I=j,NSSC ) 40

C -~~~ A J  SSC INDEX 51
JO ~ JJ 1,60 51
DO 11=1,25 5’

2 ISADCJJ,II) 0 53
J!) 3 1 1 , NSSC - 51.

‘;I=NLSS (I,i) 5~
:FA) 51, ( ISAO (J , 1) ,J= 1, NI) 5~3 CONTINUE 57
06 4+ 11 1,NSSC
NI NISS (II,1)
P R I I ! T  53, I I , ( I SA D ( J J , 1 I) , J J ~ i ,N I )

4+ .ON T I NUE €1
~ °INI ‘.9 €‘

~JN1I ~~UE €3
F (0PT2.!’~.I ) GO TO 9

65

i 

— - -

. 

- — 

6 

--
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• 57
‘IN THL N~ X I DO LOC~ TH~ TT~~M PARANE T€P5 CO PONO!~~G TO THE IT EMS ~ €8
‘IN 1~~4 O  ‘- -c ~~~Y ’-~IVrl ) f~~3N A,H,C, AND LOADE D I NT O A ’~M ,BflM ,C0N P~~SP . •
•TH ~ rr.T~~fl ~ iN 1H~ A D M ,30M ,COM APE ZF POEO F o s ~ 1W’- CASE OF Zr~~0 ITEM • in
‘It) ~~1 TM. IP IAc - ‘
• • 7?
3 3 73

7’.
DO .

~ J 1, M 7(5
• IF (~~~ 4cI(J ).~~ .0) ;n to €

ODMLJ) *UM (J) :(f)M( J) ‘)
GO T (  

~ 78
S C0’4TIMJ’

IFOu’ iIJ:O
00 7 ~=1,P4I)P 81
IF ( j l ~4 t ) ( J ) . F :  ,It ~~4 (i)) GO 70 7
I F ) ) P ~O= 1 81
A D l ( J ) = A t I )  84

85
C L I M C J =r,11
(.0 1(1 8

7 Cf iTl. ~,iIJ~ 88
I~ 

( I ’ - O U N f l . t C . C ’) I ’ )A U(J~~~i)

S C 0 4 1  j r : IJ ’- 90
1,1 T r ~ lj . 91

C T ’-’~ N E X T  Si CT ID~
) IS “SF0 IF OPT ION ~ IS ON , IT W I L L  T AK E THE FT

C ‘A ” A M~ 1 ~~ S F -~C~ 1H~ “OO L W ITHIItJ T M~~K P4(, l iS t  OF ISA I) 9-3
-~ 00 1’- P41, M q’.

A D M ( j ) A ( T )  qc
131)M ( I )=R ( t )  95
CDM (1) CU)

10 C ON T .LN(M 98
C IF U!~)I1s 3 IS )N TN’- PA t1A~~FTFRS A ,B,C A~~E cousr~ A I’dL r W I T H IN  9 99
C i~ 4 M A Y ,~~rIN,~~~~ Y , ’~~ IN,CM4X 100
11 IF (t;PTJ.~ . &  GO 10 13 101

r)f) j
~ 1 1.M 102

IF (1N40(I)., C .0) ;o TO 12 103
IF ((A0M(1).GT. AM A Y I , U ’~.(OPT3. ’Q.3)) AO !1(1i 4M4X 104
IF  P-’OMCl) .LT.MM I J) H O M ( I ) = R M ! N  10~
I F r M I ’ I I . G T . O M A X  80M (I)=BMAX icc-
IF  ( ( C O M ( I ) . r . T . C M M ) . O W . ( O P T 3 . E O . 3 ) )  C D M ( L ) = C M A X  to?

12 CONTINUE 108
i S  IF (O°T1.N ~~.1I GO 10 15 109

00 1’. I~~1.M
PIJNCM (57, INA ((I), Y(II ,IPfJ (I),AOM(I), s~1)M(t),CflM(II 111

it . C1MII’-4 (JF 112
15 P’~I).I (57 , (IPIA O(I) ,KEY(r ) ,LPtJ (Ip , AOM(I ),qOM (1),CON(I),T~~1,l) 11.3

I P T N J  49 114+

‘is
116

4 3 j j 7
A S’JIJECT ~~~OM T A P: CALCSJLAT~ THETA, LOOP 9ACI( TO 9 ‘IC. • 118

I 3 i iq
4 120

— ~~~~~~~~~ ~ 3 3 3 3 3 388 ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 121
IS ~F A ) (1,IFOPP’) ~lA N ,ID,(IR*W (!),Z=j, M) 122

00 ~P JJ I,M 123
17 I~~~~P (JJ )=) 124+

iO~~UN IT (1)
C C H F CY THE ~NP OP F I L l  ON DATA FILE 12F’

IF ( 10.11.3) GO 1’) 18 127
P W I N I  59 , ID 128

1.8 IF (IO.FQ.0) (‘0 3(1 ‘.7 129
~~~N+1 13a
I T O T i .0  131

— C S~ T T HE IT FM j1 TO Z E RO ~~~ THE OMM ISSI ONS ( THAT IS R EA D IN FRO 332

-- ~
—• --5

—~~~~~~~ —- — 5 -
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C 
- - 

133
C AND SU THE RESPONSE VECTOR TO I IF THE ANSWER IS CORRECT 134+
C j 36

DO ~i 1 1.N 135
INADS ( I) 1NA0 ( I) 137
IF ( I R A W ( I ) . E0 . IOMIT ) 19.20

1~ I N A O S ( Z ) 0 - 
159

GO TO 21 1 1.0

20 IF (tIPAW (lI.EQ.kFV(I)).ANO .(IR€J (I).E (~.0T) IRESP(I)~~i 141
ITO T IT O I . F L O A T ( I R ES P ( I ) )  14.2

2 1 CON T INUE
ITI NADS O 144+
00 2~ KK 1,M

2~ IF (IN*DS(KK).EQ.0) ITI ;4A0S=IIINADS +1
KL M—ITI N *OS
ITO1=ITO I/FLOATUKL ))
IF (ITOT .E Q.0.) 25 ,24 140

~ 3 P~~7NI 60, NAMI ,IO
IF (O PT4.E~~.3) GO 10 26 151
T=—1G.D 15’
S FOW M O.0 153
TIN FO=0.0 154
I K L = K L  15~
ITE~~~ 0

~ XPTO z0.0
W RITE (3, 53) N4NE,ID,I1OT,T,SF O~ M .IKL,TINFO,EXPTOT ,ITtP 1~ t
GO TO 32

~~‘ IF (IIOT.Fbi.) 25,26
25 PRPd 61, MAME,I0 161

IF (0PT4.E~~.3) GO TO 26
15-’

S FO- ’~~~0 .0  16’
1INF’~~ 0.O
I K L = K L  Ic’-
I T E ~~~ C

W RLIt (S,N5) P-’AME,IO ,ITOT,I.SF O’-M,IKL,TINFO,EXPTOI,ITFR
GO Ic 32

3 3  I I 3• • • • •I • • • • •  3 3 I 3 3 . 3 3 1 3*3 3 4 I 3 3 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 171
17?

3 ‘ i7~
• NOW UHE IjATA IS R E A D Y  T’) M *K~ THE CALL S TO THF AP PROPRI A TE °OIITI ~~ 17’
•10 E S T I M A I ~ T ill THFT* .O°T IO PI 4 WILL OFT E PMI N THE METHOD BY WHICH • 17~
‘THE T H E T A  tSTIMATF WILL bE F OUND •
• 3

• ‘3 3 4 3 3 4 1 4 4 1 3131 • • •~~•~ ~~~~~~~~~ 4~~~~~1 3 3 ~~~~~*3 3 3 3  3 3  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i? ~
~~- J K L XL

I~ (C~~T4+—~~) 27,28,29 1.81
2? CALL MAX L N Q (IPESP ,INA3S, M ,M, iDH ,9OM,CO M ,(53 ,.t’O5 ,T ,SFOR M ,IF*IL ,T I ’~ 18?

1FO ,eXPTOT,ITEW,SFM)
GO IC 30 184+

21 CALL M A X L ~ ($,INADS,jPESP ,M,AOM, RUM ,CDN,50,.0~ 5,IFAIL,SFOPM,T,TINr 18~
1C,tX P IO T ,ITFR ,SEM) A A~’

(,O 10 30
2~ 1 1 S  - 1.8°

SFO’4M~ T~ S j3q
S~~M L .O
CA L L  HIVE S (N, IN*OS.X SP ,M,A 9M ,H ,CDH,T ,SFO PM,TTNFO ,FXPTOT ,!T.~~) 191
GO TO Si

53 C O N T INUE 1Q3
IF (TFAIt..EQ.G) GO TO 31 191.
PPI’lI 62, P4* MF,ID

SFO ’~M * 141) 7 A RE S ET TO —99~91 IN MAX L I( IF NOT CONy
• NC :MC+1 19?
• e • I • • •  I . . . I . 4 3 . 3 . . 3 3 l* *. , 3 3 3 3 3 l l l 3 I 3 8 3* 4 l I 3* I I l I 3 3 3 3 I~~~ 3 S 3 3 3 3 S 8 8 3 3 # , 3 3 4 l  

• 19’

-_,- -.~WW*4~ IW flW~~~ 
- -— - - --

- - 
• .~~~~~ 4J~~ ,- - ~ . . -

— 
.- -

— ~~~~~~~~~~ - S~~~r 5-’-
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~s4+ I P 1 ‘4~ SU CC~ iFI.it. R tS-IL TS I OTHI FILE TAPE 3 • 20’
201

• • • • •l ,• • •.•l .  3 1 8* 4 + 1 3 3 3 3 3 3 1 3 1 3*3 3 3 4 l*3 4 3 4  3 • 3 I  3 8 l 4~~~3 e *3 l 3*4 3 I l I 8 3 l 4* l l 3 l  2 02
SI NFl!’ (3,t- 5) ~ AM L ,IO,I1 )T,T ,SFORN,IK L ,TtNFO ,EX P 1OT ,IT~ R ,SEM 2C 3

II THI” L I~ -~O - UB SCALE CALCULATIONS 1010 0ACK TO ~ E~~D A SUBJE C 204+
C C U H E i ~W L,E  CO NI I \ I ’ J E  W I T H  TN’ CO M PUT ATIONS F1~ SU~3SCALE S 205
32 jF (NSSC. ’O .t - ) GO T O 16 - 206

10 —~~ 1 1,NSSC
N I ~~~I 5 S (j , i . ) 208
LPJT u.? 2 69
00 ~

-, J 1 , M 21~
ISADS (JI INA O S( J ) 211.
i~0 54+ ‘( l ,NI 212
IF ( L S A f l ( K , I ) — I M A f l S (J)) 34,33,34 213

33 I T O I = I T O I+FLOAT( Ik :SP(J )) 211.
Go To 35 215

54 CO~~~I’.UF 216
I S A f l ’ - ( J ) -

~ 217
35 C(P4IIUUF 

- 

- 218
1TI~~A CS 0 219
1) 0 P KK~~~,M 22”

35 IF (ISADS(V ().N[.,) ITISADS=IIXSAOS .1 221
K L = I II S AO S  222
IT DT= IT OI IFLOA T (I(L.I 

- 
2 2 3

I F  ( I I O T . F O . 6 . 0 )  ~~~~~~~ 221.

1- 57 P l~I~.i bS, ~‘IAM F ,1D, ’-1ISS(T,2) 
- 225

IF (PPT...EQ.3 ) GO T’) 40 - 22~
T~~— ’_ t .00 227
I I -  (‘~~‘XF ~TOT L.0 - 

- 228
I T E ~~= u 229

— SF :J-- M=Q .C 233
W ’ O L ’ t (3,’~4) P A M E , I f l ,NIS SII ,2 ),ITOT,T ,SFOR’l ,I’(L,TINFO,EXPTOT ,ITER 231
(10 

- 
232

35 IF (JTOT. ’’).1.0) ‘~~,4D 233
39 P PF I  67 , NAME ,IO, ’11S~~(I ,2) 231.

IF (C~ T —.. E~~.3) GO t~ -.~ 235
235

IINI- ’ EXFTOT=O .) 237
ITE~”- u 238
SF’J°M=O .O 239
wRI T~ (4, i- ..) FAMF ,I0 ,NI SS (I,2),ITOT ,T ,SFOPM ,IKL, TT 4F0,EXPTOT ,ITEF 240

~O IC, 46 24.1
4.0 IKL~~KL 21.2

IF (OPT 4— 21 41,42.43 243
41 C A L L  “AYLP.I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 244

1o,~~x P T O T , L P P ,SEil ) 245
GO TO 1.4. 21.6

‘.2 C A L L  MAX L ’ ( (M ,ISA -)S ,IPESP ,pq ,AOM, RDpq, Cop l,5c, .o1 ,IFAIL ,SFORP q ,I,TINFO 247

~~ 1,E X °TOT ,I1ER ,SLM ) 248
GO TO ‘.4 21.9

• 1.3 T = T ~ 
- 250

SFO~ M~ TSS 251
S FM O . 0  252
CALL HAYES ( M , I S A 0 c ,I.~ES P,N,AON,$OM, C DM, T,S FO PM ,TT N FO , EX PTO T , ITF R) 253
GO TO ’.5 254+

4’. IF (1FAIL.EQ .0) G.3 TO 45 255
PR IN I 68, NAMF,tC,NISSII,2) 256

1.5 W R I P  ( 3 q 54) NAMt , I f l ,N1SS ( I , 2)~~ITOT,T ,5FO PM,IKL,TIN FO ,~~X PT OT, ITER ,  25?
ISEM 258

1.6 c O NTINU E 259
GO TO 16 260

‘.7 I~~’!NI 65. N ,NC 261
STOP 262

c 263
c - 26. 
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C 26 5
48 FORMAT (15) 266
49 FORMAT (tNt) 

- 
267

50 FORMAT (2I4+,X ,1.1t,BFS.2,ZX,12) - 268
51 FORMAT (1615) 269
52 FORMAT (8011 ) 270
,3 FORMAT (8110) • 

. 271
51. FORMAT (T50,1LINOSCO3 ,I,T50S= z~~ ul,/#/F//,T2I ,3L IMEAR OICNOTOMIJ S 272

1. SCORING WITH THREE PARAMETER NOOELS~ ,!//~~,T1.O’PSYCMOMETRIC METHOD 273
2S PROGRAM’ ,/,T40~~OEP*RTMENT OF PSYCNOLOG V~~,/,T40~~UN IVERS ITY OF NIH 274
TNES.O I A’,!, T4+0~ MPLS. MINN . 55’.553,/,///,T20’!NUP ,T27 ZIIS,/.T21. M 275

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 275

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2??
6,T27.=’F5.2,~~,Teo3TSs .,T2?.=.r5.2,~~.T2o •AMAx ’ ,T27~~~’F5.2,/,T20,’nM 278
7AX 4 ,T27 ,3 *FS.~~,/,T2O38 MI N 3 ,T2 7,3 3F5.2,~~,T20 CNAX ,T2?,3 3F5.2,/, 279
ST2O ,’VAR IABL€ FOR MAT FOP POOL=’8AjO,!,T20,’VA PIABLE FORMAT FOR DA T 280
-~A=~~8A10, I, T20, AltO, !, T2 0,8A10.~~. T20, 8*10.!) 281

55 FORMA T (8*10 ) 282
56 FORMA T (215) 263
57 FORMAT (‘i’,29X,’IIEN 10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 284

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 265
58 FORM A l (/// ,1.0X, ITEMS IN SUBSCALE N0 13,/.10(2016,/)) 285
59 FO R M A l  (1OX , ’°ARI TV ERROR ON TA P (~~,90X ,I2) 287
50 FORMAT (1QX, -’SU8JECT ~~,2A 1O, ID — ‘,A 9,~ HAS NO ANSWERS ‘, CORR~ 288

ICT IN TOTAL SCALE’) 289
- 51 F O R M A T  (10*, ’SUBJECT ~‘,2A1O ,’ ID ‘,A9,~ HAS ALL ANSWERS ‘,3CORPE 290

ICT I~’ T O T A L  SCALE’ ) 291
5? F O R M A T  (10X, ’COMPUTATIOOAI PRO9LEMS WITH SUOJECT =‘,2AiO,~ ID ‘, A

19,’ 114 TOTAL TE’) 29.3
53 FORMAl (X ,2A 10,19, ’ T’ ,F5 .2 ,2F 7 .2 , I4 ,2F7 .2 ,14 ,F7 .2 )  29’.
5’. FORMAt (X,2AiQ,A9,12, T5.2,2F7.2,I4,2F7.2,I4,F7.2) 295
55 F O R M A T  (/1OX ,’CASE S RE A U=’,I5,’ CAStS NOT CONVFRGE O= ’,I5) 29~
bF, FORMA T (1OX ,’SUBJI T =3,2110,1 ID =~ ,A9,’ HAS ~4O ANSWE RS •,~ CORR~ 297

1CT IN SUBSCALF ,I S) 298
57 FORMAT (10*, 8SURJ LCT =‘,2Aj0,~ ID = ‘,49,’ HAS ALL ANSWERS 3 ,ICORRF 299

1CT IN SUT 4SCALE ,TS) 30”
S’S F O R M A T  ( i 0 X, 1MAX IMUN LIKELIHOOD E S T IM A T I O N  DOES NOT CONVERGE’,’FO~ 36 1

1 T HE SURJLCT = •, 2 A i 0 ,~~ ID •,A9,’ ON SU9SCALE ‘,15) 302
END 303
SIJHR OUT INE BA Y E S ( d ,IIM,RFSP ,S,A ,R,C,BTHET,RVAR, TINFO,EXPTOT,ITER) I
INIFI’LR PESP(M),ITH (M) 2
REAL A (N),9(N),C (N) 3
DO I 1 1 , M
IF (ITM (I) .E Q .0) laO TO 1 5
CALL BSCOR (BTHET,3VAR ,A(I),A (I),C (I),RESP (I))

1 CONTINUE 7
CALL NOS IAT (M, ITM ,A,H,C,RTNET,IINFO,EXPIOT ) 8
ITE P=0 q
RETURN 10
E N D  - 11
SUBROUTINE BSCOR ( 9 T H ET , 8 v A P ,E~t F ,DIS ,GUF SP ,IRFSP)
D= (OIF—RTHET)/SQRT (2.U’ (1.O/OIS~’2.BVAR)) 2
E R FD E R FN P(O)
EOSO LXP(0 ’2). 4
IF (EDSQ .FQ.0.0 ) I1ETURN .
EDS QI=i .0/EDSO S
XKLNV= 0.S’il .O—ERF )) 

• 
7

XL INV GU ES°+ ( 1 .0—GJ ESP ) ’XKI NV
I IF (IXLthV .FQ.O.O).OR.IXKINV .EO.Q.O)) RETURN q

XL 1.0~ XLINV 10
IF (INESP.Nf.j) GO TO 1 11
5 O .39691.2 (SQ~ T ( R V A R ) # S Q R T ( j , Q + (j . 0~ OIS ’ 2 P ! 8V A P ) ) ’ ( t . 0 / X K 1NV) EO 12

1SOI 13
1=1.0—i. 7721.5l.’O’EOSQ’( 1 .0—ERFD ) 14.
M T H 6 l

~~

8TH FT , ( 1 .O—G J ES P)

~~

XK tN V ’

~

L’S 15
qvA ”vAR— (1.O—GUE SP ) ’~~vIHvI!1’~ ”2*(T—G iJFSP ~ XL ) - is

~~~‘- - - - ~~~~~~~~~~~~~~~~~~~~~~ — - - - - . .  

- 

- 
- 

-

- .~ -:y -
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-
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- 

~
-
~~
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~
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1 4 T H _ I MT H I T _ O . ? 9 7 4 8 5 l ( . $ V A R f S f ) O T ( 1 . . 0 /~) ISl l 2+1V A R ) ) l E f l S Q I 3 ( j . Q/ ( 1 . C +  1~
1t~~F0 ) )
PARjj=j.1~~’S37t)/(1.’~+ (j.3/flIS”2)4 (1.J/BV4R)) 2’

21
22

‘- DVA R ~~~VAR* (1 .C—~’A~~T13Pu --T210A I’T3l 2 8
RETUF ~. - 24

25
• R E A L  EUNCIION ERFN~ (XI 1

O A T S  A 1/O.3(54~~3O/ 2
I )A IA A2~~— 0 . 2 8 4 L .q / /
C A I s ~ A 3 /1.4214j 4/
D A 1 A  A 4/—t..5~~152~

1 5 1.. ‘55/1.0~’1i.t’5/ S
— D A T A  F / 2 . 5 2 7 5 Q 1/

FQI- N~’= 0 . 0  IS
IF (X.EO . r).3) ~‘ET’’” i-I 9
r S r  ~I(.N (1.),X) In

- 11
IF ( Y . L T . 5 . O )  GO fl 1 12

iT
P~~T I~~N 14+

1 Y 2 Y Y
T 1.i/ (1.1+P’Y) 16
A T = I ( A j + ( A 2 + ( A 3 + ( A ’ . + A~~’ T ) ~~ l ) ’ T ) ’ T ) ’ T )  17
~ A l A ! F r X P ( Y 2 ) - 1~
E N P (1.0—EAT)’E~~ - 19

20
21

SIJ i~~w JT IN~ ~ A~’LK (~~,ITM, fr~~SP ,~1,A ,0 ,C, MAX ,F’~., IFAIL, ~ORV,THETA ,TjNF I
1O,~ XPlOT ,MJM ITS ,S~~M) 2
1~X 1 ’ ~’~.AL F DULC.G ,s t ) ) LOc -

I N I t O i- R  RE- SPI M) 4+
O IM NSI”P~ 8 ( N ) , U( N)  , C ( I~) , I T M ( M )

C~~•’ U S E S  MA X 1 M U~ L IKE L I HO O D LOGI ST I C  SCORING ALGO R ITHM AND RESPONSE
C’’~ MOD~ L
C”’ M IS c C T I O S  IS USEI) IC I’R~~V IDF 1H~ INITIAL GUESS FOP TH~ A
C’” NE IITL ’ N— °AFH SON M LT - f O D  9

CAL L DISICT (F0OL(~~,PES~-’,A ,fl ,C, M ,j TM ,5,G(I~~’3S )  10
C - 

11
CALL  M-~~1’ .AP ( FOL i LOG ,S O P LOG, PISP ,A ,3,C,M, ITM ,MAX ,EPS,NUHIIS,GIJESS, 12

1TH ~ T A ,SO~~V ,  I F A I L)  13
C 14

IF (I i -A IL .EO .1) 1,? 15
C” NEW IUt.  PA PHSO~ 010 ~ O! CONVE RGE 16
1 C A L L  NW TER ’~ (THETA ,SDRV ,SEM ,TINFO ,EX PTOT) 1.7

RETU R N 18
C 19
2 CALL L G S IA T (M ,IIM ,A , H,C ,THF TA ,TTNFO ,LX PTOT ) 20

t 1E M 1 .OISORT(A9S (S1~~V )) 21
R ETU R N - 22
E N D  23
F IJ N C U I O N  FDOLO (2 (~~~SP ,ITN ,A,3 ,C ,H,THETA) I
INl~~(a~~~ WESP (PI), FI HT 2
DIML IISIOPI A I M ) ,  U(’4 )~~ CIII) , ITPI (M) 3
D A T A  X M A X ,XMIN /20 ~~.U, —20U .0~ 4
D A t A  D,RiGHT/1.7,1~ 5

C” CAL C U L A T E S  FI~’ST O~~~I V A T IV E  OF LOG—L IKE LIHOOD FUNCTION OF A (5
C” RES’~UNSE V t T C T C~ F~~~ li-I L LOGI$ T IC MODEL 7

sti i=c .o A
00 1 1 1,M 9
IF (LTM (I) .EO .0) (,i TO 1
X i )4A (I )3 (T H F T A ~~f I (t)) it
IF (X.LT. IMIN) X~~~MIN 1?
IF (Y.GT. X M A X )  X X M A X  13

~~~~~~~~~~ 
:~~~~

- .- . 
-

-~~ —— ~~~~~~~~~~~ -~~~~~~ - -— - ~~~~~~~~~~~~~~~ 
-- — 

~~~-.,- -~~~~~~~~ — -~ —~~~~~~~~~ —- -• -~~~~~~~ - — ~~—.~ ——
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EX F~ EXP(X ) I’.
15

SUM SUM—AE / (EXF .i.0) is
IF lRES P (1).NE.RI~ MT ) 60 TO I jl
CE C I I ) + EX F  18
SUM SUM4 A E FCE 19

1 CONTINUE .

FOOLO G — 1.7 ’SU M 21
R ETURN 22
END - 2-3
FUNCTION SDDLOG (RESP,ITM,*,B,C,M,THEIA) - 1
INTEGER RESP (M),RISHT
DIMENSION ITM (M), AIM ), A IM ), CIII) I
DATA XNAX ,XMIN/200.Q,—230.Q ! 4+
DATA D,RIGHT/i.7,1! S

C” C A L C U L A T E S  SFCOP.O DERIVATIVE OF LOG~ LIKELIlIOOO FTJNCIION
C” OF 4 PESFONSE VECTOR FOP THE LOGISTIC MODEL 7

SU M U .O .

00 1 1~~~,M
IF IITM (I) .EO.O) GO TO 1 - 13
X 0 ’ A (I) ’ (THE TA— B( I ) ) * 11
IF (X .LT .XM IN) ~~~ M IN 12
IF (I .GT. IMAX) X X M A X  18
t X F E X P I X )  1’
A E = A I I ) ’ F X F  jr

SUN~ St’M— 4 (I)’AE/((t.O,L~~F)’(1.0+E XF ))
IF (i.cSP II ) .N E. Q IGMT) (.0 TO 1. 1~
C E ’ (I)+L*F
sl JM = SUM +A( I) ’C (I) ’AE/ IC F ’CE )

1 COrl T lI~.!JF
-
~r) ’JLCG=—2.8 q ’SUM

P-~F T U ’ ~N 22
END 2’
SIJ’1 1J T I I S -~ ‘T IS ECT (i- 1,P~~SP ,A, 1,C, M,IIM,~~IT E~~,R1ID) I
INT-G~~P ‘~t- SPIP’)
(1IMi- .SION A I M ) ,  R IM) , C III), IT M ( M )  -

r... C A L C U L A T ES A P P R O X I M A T E  ~O0T Of Fl ~ Y RIS~~CTION;

3’’’ H IS~ Cl IN(, ‘lIT E R ( NJMBE R OF IT - PA T I O N3 )  IIIIF .
c~~~~

1 HMII1 IS b~~~T C ( I R R L 1T  GU r SS A l  ~OflT T HE T A
7

C” INIT IAL IZE LEFT BOUND INC F IUTD IIND) AN!) RIGHT 3OU ND F1 (~~OUND)
8L — 5 .O

B M IO~~0.0 11
IL F 1 IRES P ,ITM ,A ,H ,C, M ,9L ) 1-’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
a” TE ST FOP NO ROOT II INT ER VAL —-RE T I JR N IF NO SOLUTION 1’.

IF IIT L’I P) .GT .O.OI RETURN
if

C”’ NOW C A L C U L A T E  8IS~~CTZONS NITF~~ TI NES 17
00 3 I 1,NITEP 18
T M I D FI(PESP ,ITM ,A,B,C , M ,RMI O ) •

IF (ITM IO’TL) .(.T.O .O) GO TO 1 2r
3” RE P L A C E  N IGHT 8OUN~ WITH ~ M ID 21

G0 T0 2 2~
3’’’ RF ”LA C E LE FT ROUND WITH 81110 2’
1 11 TN10 25

RL=PW ID 2~
C’” FI ND NEW MIDPOINT 31110 2?

~~~~ 2 RMIO= (91,RR) /2 .O 28
3 CONTINUE 20

~ L T I I W P l 30
END
SUBROUTINE NEWTR A~ (Fi,~~2,RESP,A,0,C,II, T!M,NITER.EPS,NUMIT5,GLp~~~ , I

: l T ~ .S~ R V.I FATL )

- —  ~~~~~5- — -5 - - - — - -



‘—-5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.— - 

~
.-_ .-~~

_ _ _ . —- — - —— -~~~

- 

—61—

I S I~~(~’ i~ k E S P IM)  3
[1I M ’  ~ IDI A ( M )  , B(~~) , C(t ~) , lIMIt-i ) 4+

3’” C A ~~r ( L A T L S  T i-”- ROUT OF Fj  G T V ’ N ITS FIRST D~ R l V A T IV L  F2 S
C’’’ A N i  ~~ IN IT IAL  GU~- S ~ t J S T i-~G NE NT ON— ~~AP HS0N M TM30
C” IH~~t S  IS AP~ ”. TO T HE RDCT : S’~~v IS F2 ( I I I E T A )  1

~.iJ1II~~=0 8
!W t T A GLPFSS q

2’’’ LOUD UNTIL ~~~‘<EP~ DR N”M9L~ ’ ~~ ITERAT IONS DECOMI S TOO LARGF . 10
1 F O ~~V = I 1 ( R - S P ,I T M ,A ,B ,C, M,T N r T A )  11

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 12
r ~ l’ ~~‘- I) RSJ/ SU F V 13
i H - I t T H E T A — Ei- P 14
Nil1lI~~~Ntj N IT S+j

C’’’ LX I I  LOO P C ’ IT ~~F~I~- N 16
IF I (S’J MI IS .LT .N I l  I .A D. I A  4 IL f r~~) .tat.EPS) I GO TO 1 17

C”’ LNU I J OP . T E S T  f~~ C1NV E~~I,F M1- A U D S~~T T EA I L  18
IFA ~~L 0
IF IA ~~S ( E ’ . -~) •Ll .l t’S)  ‘ ET U~~N 2’)

3 2 1
C’’’ ME WTUN ~ S~~HS0t ‘i - T~ 4 0[) U 1LS ND! CflNVL’ .’(~E 22

I FA T L = 1  23
~El U PN 24
E N D  25
SU D ~”IUTINL. N W T E ~~ I I H t - lA ,S F O R i - , S E M ,T INFO ,EX ~~T f lT )  1

C’” S E T S  rRPOP VALUES FUR PIE CA SF IN WHICH N E W T O N  PAP HSO N FAILS 2
C” TO C( INVE RGE 3

I H ~~T A = — ’~q.99 - 
4
S

S E M =~~ l3.~~~ 6
T INFO=-99 .94 - 7
EX ’ - ~I O T = — 9 ’ ~.99 A
R E T u R N  9
END - 10
SU~I- (UTIP.F LG ST4J (M,j1 1 ,A, R ,C,THETA ,TINFO, XPTOT) 1
DIM~~9SION ACM ), BIN ), CII’), ITM(M )
D A T A  XMAX ,XM IN/12.J, -12 .O / 3
IINF(! 0 . O  4
EX P T f T = 0 .l  c
,t’OU5, 0 S

C 7
[JO I 1=1,” A
IF IIIM (I ).EQ.CP f,~ TO 1 9
KOI J I l= KOU N T+1
AP la’ J —1 .7’AII ) ’ I T I I : T A— R ( i ) )  1.1
IF IA 4+ - &U. G T .XM A X ) 4 ’ . G U= X M A X  12
IF ( A R G U . L T . X M I N )  A P G I I = X M I N  13

14
(J 1.C— P 15

~ A Rla tXP( -4RGLi ) 16
PPRIIE UA PC,/III.0+-AR (j)’Il.Q+tAPG)) 1?
PPRIM t PPRIME ’Ij .,— C II )I’A (I)’t.7 18

• I I N F O TIN FO .(P°PIM ’PPRTME) / (-~’Q)
tX PT S IT = FX PTOT i- P 20

1 CONTIN IJ E 21
F X l a TC T E X F TO T / FL O A T (K O ( J ~JT ) 22
R F II J I i-l 23
END 24.
SU ’ 4ROU T TN ’ ~ i4AYLI’4 0 C~~FSR,IT ’ I ,M ,N ,  A , B , C , M4 X , E P S ,T N I T A ,S O R v , I F A T L , T I N  j

1FO ,I X P T OT,N UM ITS ,:M ) 2
E X T E R N A L  FON OGV,SrI!lOGv
I N T E G c R  NESP (M) Is
D I M r N S I O N  ITM I N ), A( 14), BIN), C I N )  5

C” IJSEI MAXIMUM LIKELIHOOD NORMAL OGIVE SCORI’W, ALGOR ITHM AND 6
C” RESPONSE VECTOR 7
C” BIS~ CTI0N IS UStO TO °ROVIDE THE INITIAL GUESS FOR THE A
C” N E W T O N  RA DHS Q N ME T - q OO

- - ~~~~
.- 

- 
,

- 

~~
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C 1C~CALL BISt C.T (FDN O GV ,RLS P ,A ,!3,C,M ,ITM ,5,GUESS) 11
C 12

C A L L  N E W I P A P  IEDNOGV,SDNCGV,RrSP ,A,6,C,)(, ITM ,MAX,E PS,N IJMTTS ,GUESS , 1!
1TH~~TA ,5DkV ,IFA IL ) 14.
IF (LFA IL.EQ .1) 1,2 15

C” N E W T O N  PAPKSUN DID NOT (1ONVF~~~E IF
1. C ALL N W T L R R  IIIIE TA ,SDRV ,ScM , TINFO ,EX PTOT) 17

18
C 19
2 CA LL NOSTST (P’,ITM ,A ,’i ,.,TI*TL~,TI#FO,EXPT OT) 20

SO ’~V~~A d S (SD I~V) 21

~~~~~~~ 0/SWT(SO RV) 22
23
24

i IIPIII I ION I - O M O I ,V  I~- SP, 1TI’ , A ,~~,C, M , T H E T A )  1
I’JIr (~~ R k’ ip I -) , RI;HT 2
l)IM~~~SION AIM ), 0(1), CIII ), ITM (M) - 3
D A T A  I,’.IGHT/3.l’.1c93,~~/ I.
T I A F A  X M A X , X M IP.~~7.~~,— T . O ~ ç

C’” t A L C t ’ L A T i - S  F I’S r  O-~~ l / A Y I V L  ~~ LOG—LIKELIH000 F U NC T I G i  -iF
C’’’ A ~ rs~~ON~~ V F C I O R  FOR PIE NOQMAL OGIVE MODEL 7
3 ‘S

( ) I ’ r = t. P/ r)I. l (c ; • 1 ’P I )
i i

IF ( 1 1 M ( j ) . t Q . Q )  ‘.1 1-? 1’
T i  1 ’= A I I I ’  (TI-I , T A — ’(I) I
I f  ( I~~ MP . L - T . X~~A X )  r~~M P =Y M A X  14+
If (I~~MP .LT. Y

~~Ir~) T I M ~~=X I ’i’~ - j6
X — (  I~~M P ’ T R P ) / ?. 16
)r!M~..I Unl D I~~A I I )5 (j .j_C (I))~~CXP (X) I’

Ut ‘~~~~zC ( 1)+ (1 .0 — C (I )  )‘C I- ’ I T ~~1?) 18
r’ (‘~~ S~~(!).~~~ .-~1’,1I) ‘i” T O
I)’ U1 U~~~ Ii • ] — O ~ M OM ) 2’)

1 SI i-1 ~~t~UM+ I ) ‘IM~ .1 f U  ‘-~r u M )  21
2 G D N T I M J  22

i- c - 4 ~~,v =~~(, ri 23
,-~ I~ l~~r~ 24

~ N() 26
i-I I’l I10’l ~;1N~~t.V I -SP ,1tI’,A , t ,C,M,THETA) 1
I ’ r - u ~~~-~ 

.‘fS~~(”),R ! H l
)I~~~ ’-SION A I M ) , N I H ) , C III) , lI MI t - ,) 7

t ) A T . ~ p I , R T r,l-4 T / 3 . l - .l 59~~, : /  4+
[ A t - i  11-i4 X.X11 ?.17. ,— 7 .O /

C’’’ C A L ( ’L8 I i~ ~~~COPs1 ) 1 E R I V I T T V -  )F IMG— LIKtLI’-fl O f) FU l ’CT ID .~
3~~5l r~~ ~ tS i - f l l S t  V~~C . IJ Q F U :  TN - JU~~MAL OGIVE MODEL 7

3 5

SIJ’1 L . O

Dl” • 1 1 , M
Ii- IIlr1II) .~~fj.C ) ‘-~~ 8 ”) 12
T F M ” 1~~A ( 1 ) ’ ( T H t T A — i C I) )  1’
j F  ( I - ’ j Pj . ( ,T .X M A X )  T I ~~~~~X M A Y  14+
IF ( D ~~Mø 1 . L r . X M l i -~ T EMI.1 :=X MIN

V E M . ) OI .jI ~- ’ 1 ’ ( 1 . 0 — C ( I ) ) ’ A I I ) ’ X P ( X )  1’
I- I- ’I ’M li -~~~~~’lEMf~ 18
SI C l1M T~~~~~~ A I I )~~T L M P 1 19
Sn -.‘M~ C I 1) . ( 1 . 0 — C I 1 )  ) ‘C D F NC P M P l )  21
I- 0” ‘)1 ~~SOr ‘lIM’SDE I - i r A  21
L V (I -L S O I .~~“:.~~it,-tTt C”' T O 1 22

23
S D~~~~r~~~=_ I I .~~ _ S f l F M1 M)  24

1 St !’ ‘ I I I— II I” ’~~’) M ~~f j .~ r OM )  — (‘ 1- rr$IIM,SDENOM ) 26
2 COs IIMJE 26

LLU~~~~~~~~~~~~~~ 
- -  - -

_ _ _  - - ~~~~~~~~~~~~ 
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Sl)M)(,V~~SUM 2’
28
2q

StI .- ’:r ’ITIN- r’c~:1 ~) ( u-i , I1u ,A ,M,r, THETA,T t’lF O,~~X 1”tO l I 1
(‘ T M -  ~ IJ I-- A IM), BI~~), C C I I ) , ITM (t- ’)

3
0418 X I -1AX ,XM~ tu/7 .:, —7 ,3, 4
11N 11’ J.Q -

E X O I ’ , r .q S
• KOUNI :!)

C
00 i I~~l,M q
IF ( T T M I I ) . E U . Q )  ‘-0 T O I
KO UN I KIU6 T +j  11
fl~M~~~A I I )’ITH”lA— ’CI ) ) 12
IF (ILM P .GT .X MA K) TEM ° XMA X 13
IF  ( ! ~- M P .L T . X l t 1 N )  TE M P XMI N 14.
P~~ ( (1) + (1. J— C It ) )‘CGFN I TEMP) LV

I E P I P r _ T E M 0 ~~T F M O / 2 . O  
- 17

RP”U M
~~~ I1 .J /SGRTI?.J’PI))’(1.C—C (I))’A(I)’EXPITFMP) 1$

TTMI - ’~~~TTNfD+ (PPRLME~~PPPIME)/(D’Q)
t .XPTUI t X D T O T 4~P 212
C O N I I N U E  21
r ~ tJT(~l EX dTOT /KOUN1 22
RE 23

~T N J  - 24

L ”  
_ _ _ _ _ _-5 - - ———-—~~~~~~~~~~~~~~~~~~ - -5 -  -- —-—
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APPENDIX D
ADADSCO FORTRAN PROGRAM LISTING

PROG PAM ADA OSCO IIN PUT ,00TPUT ,DATA,IPOOL, TA P~ i=OATA ,TA PE2=IPPOL,TA I
1PE-S) 2
DIPII- NSION ITEI-U600), 4(600), BI600 ), C(600), KEYI6OU ), IREJ (R ), I 3

1FO RII2 IA ) ,  IRAW ( 80 ) ,  INA DS IAO) , IRESP (80), ADM( 80), BDM (80), C (1M (8O 1
2) ,  DE SC( 24 , NA ME ( 2 ) ,  IFOR M1IA )

INT EGE R OPT 1, O PT2 ,OPT J ,OPT I.
REAL ITOT 7
N N C ~-G 8

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0

C - ‘ 112
C ’ F A D  O PT IONS At--ID P ROGRAM PA R A M E T E R  FRO M INPUT FILE, DATA IS ON T4P~ 2 ‘ 11
C ‘ I -’
c,,,,,,,,,,,,,,,,,,,,,,,,, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I’
IP00L~~2 14
REIn 20, IMJP,M M A~~,OPI1,OPT2,OPT3,OPT4,TS,TSS,4MAX , t3MI I-l ,8MAX ,CMAX, LV

I IFLAG , IOMIT  LV
R E A D  22, IIFOPM1II ) ,I=1,8) 17

C DORMI IS THE V A R I A B L E  FOYMA T FO’~ THE ITEM POOL 18
R E A P  IIPOGL , IFORM1 ) IITFPI (I), A I I ),9 (I),C (I),KEY (I),L=t ,TNUP ) 10

20
C ‘ 21
C ‘ 22
C S T A P T  R tA DI NC, THE SPECIFIC DA T A  (SDECIFIC FOR THE °~iN) FPOM THE I~~~U T ‘ 23
C I N A D  IS W E IT E M  lOIS ADMINISTER E D ‘ 24

C IFIJ IS TH E REJECTED IT EM ID S ‘ 26
CI~~~SP IS IHE RES PONS E VECTOR ‘

c 2?

C ‘
29

f-’ E A D  21, MN U M ,( I R LJ I I) , T 1,MNUM) 3’)
22 , ( I FO P M 2 ( I ) , 1 1,6) - 31

C IFORM2 IS Till VARI A e L E FO’~MAT FOR THE SUBJECT D A T A  3
C 3 8

R~~ Af l  ~4, I)LSC 34
PR L I )  23,  INUP,M M , IOMlT ,I F LA c , , O P Tj , O PT 2 , 0 P T 3,O P T 4 ,T 5, T S S , A ~~4 %. c~~ 38

IA X , -IM IN ,C M A X , I F O R M 1 , I FO R M 2 , D f ’ C  36
37

C 38
C ‘ 39
3~~t ~-F ) A SIINJECT FRO M TA l- ~:i C A L C u L A T E  T H E T A , LOOP SACK TO 5 t r r ’~. ‘ 4 ’
C ‘ 41
C ‘ 4+ 2

4+3
1 ‘~F4fl (1,li-ORM2 ) Ifl,N4MI.,M,(IPCSPII),j=j,MMAX),IINAQSII),l=j,MI ’AX ) 4+4+

M MIN U IM, MMAX)
IO UNIT ( 1)  46

C C H E C K  TH E LP*f l  OF FILL ON DAT A FILE 4+7
C 48

IF (1O.LE.0 GO 10 2 40
P~~I’1T 25, 1’) Efl
IF II O.EQ.)) GO TO 19 61
N N+1
IT3T :~~.O

C ~t 1 T H~ I T t M  Ii) TO Z~~PO FO R TH’ OMMISSIONS (THAT IS READ IN Fr- f’) 54+
C 5ç
C A N t) SET THE RESPONSE VECTOR IP 1 IF THE ANSW ER IS CORRECT

00 ~ 1 1, M 57
C St - i TIlE ITEM 11)5 iN IRELJ TO ZERO

IF IMNUM .EQ .Q) GO TO 4+
00 J 1J 1,PI NU M
IF (LNAOSII ).NF.If.rJIIJ)) GO TO 3 51
IN A O S I I )~~0 62
GO TO S 53

I CONTINUE (54
C O N T I N U E
(F II~~FSPI I) . f r J . I i”T T )  TNA ~IcI T I r r

—ii--,*_ — 
- ‘  - ~~~

— - - - -
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-
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IF  ( L N A I } S ( I ) . c Q . O )  GO J O  5 67
CALL ‘SEA RCH (INUF ,IN A O S I I ) ,A flMII), RD M(I) ,CiMIt) ,KKL,II ~~M ,A ,(,C,KfY f- A
1,19)

C IF T~’~ FL u G IFLAG IS NUT ?E ’~O IT IS Tu~~~t-, TO RE THE Dj MMY KEY 70
C l~ ft IS 7~~~C THE’, KEY IS REI n F FO M THE P091 AN L E F T  IN KKL 71

IF I I t- L4 f , .N i.O)  KKE = 1 FLAG 72
73

IF (jf )-SPII).l-9.KI(E) I T ~ S 1  74
I R ~ - ‘-( I)~~ !RFS

• S CDN T TMJ E 75
77

C ‘ 78
t C 79

CIN THr Nr~~I DO LOOt P11- ITEM PA R A M r T E R S  CORRESPONDING TO TH- ITEMS • 812
CIN lo A D 4”L RETR IV FO F-.”)M A ,P ,C, AN D LOAD EO INTO ADM, BIJ M ,COM RES P. ‘ 81
CT HF ENTUl S It .. THE AOM , ’IDM ,C’lM APE 7EPOED FO~ T1IC- CASE 1)1 LE-~O ITE M ‘ 62
CUT IN TNt- P1412) ‘ 83
C • 84
C 86

C ii- 1)PJ[1)\ 3 IS iP~ TH~ P ARA M E T E R S  4,H,C A~~E CONSP’AIN~~O W ITHIN B 87
C 31- A N A Y ,A M IN , H M AX , D P I T N , C M AY  88

IF IuFT3 .~-1)~~0) GO TO 7 sq
0’) 1- 1=1 ,1’ 9’)
IF (TNA OSII ) .Lfl .O ) GO 10 N 91
IF II8 D I ’ (X) .G T .A M A ~~).OR.I1PT3. EU .3)) A D M ( I ) A M A X  92
IF (~~1)M ( 1) .LT . l”MIM) B D M I I ) = B M I N  

- 93
IF IN C M I I ).GT.$ IMAXI B D M I I ) ’3MAX 94+
J F I I C O M (I) .GT.CMA ~~).Ok.(OPT ~~.F0.2) ) CDM I I ) :CM A X  96

6 CONTiN UE 
- 96

C UI- ITO H ~ WILL “-~T N1 TI’12 SF~ CPIC flA il IF ITS ON 97
C 98
7 CD N IT NU~

IF’ ((~ :Prl. E9.fl ).OI-.(QPjI.GT.1J)) GO T O ’ S  10’)
o~~r~~=n~~r i+i 101
0~~j I - I  26, Ifl,NA Mf .(rNAfl~~(rII,!~~ECC (tI ),AOM (tI) ,9OM (II),COM (IT),lr= 102

11,1) 103
A co-~ r1N iJt 101.

ITIr , A OS = G 105
00 9 KK=1, cl 106
IT O T ~~IT O 1 + I R L S P ( K K )  107
I
~ 

(I NAOS (KK) .E0. r I I T I N A 0 S I T T N A O S + I  10A
K L = M - j T T N4~)S 109
I T I J T = I T O I / F L O A T U K L ) )  110
IF IITOT.EQ .O ) 10,11 111

IC “RI ~.( 2 7, N4ME,IU~ 112
Ii- (U PT4 .EQ ,3) GO TO 13 113

114
SFO”M :O.O 115
TINF IJ O .O 116
LX~~TflT ti .12 117
SE I=C - .0 - 118

119
IKL:W L 120

A GO T O 18 121
-% 11 IF (ITOT. ’Q .l.O) 17,13 122

1 12 PR I N t  31, NANF ,ID 123
IF It)PT4.”).3) GO TO 13

125
SF3~ P’=0 .0 12~
I I NF O O .0 127
EX 0T0T~~0.O 126
SEM:0.0 129
IT i R 0  130
IKL KL 131
(~O 10 18 132

- -5—
’ 
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133
C - 131.
C • 135
C NOW THE DA TA IS N~ADT TO HAKE THE CALL S TO THE AP PROPRIATE ROUTINE 136
CTO E S T I M A T E  THE THE TA. OPTIN 4 WILL DETERMINE THE. METHOD BY WHICH • 137
CT HE THE IA E STIMATE WILL BE fOUND 

- 4 138
c •
c • 11.0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 141
13 IKL KL 142

IF (OPTI,—2) 14,15,16 14.3
14 CALL NAX ENO (IRESP ,I NAOS, M,H , A UM,BDM , C O H ,5Q , . ) J5 ,T , S F ORM ,IF A I L , T I N  14’.

1FO,tXPTOT,ITER ,SE M) 14(5
GO TO 17 146

15 CA LL PIAXIK (M,INAOS,IRESP,M,ADM, BOM,CDpt,50,.Q 5,IFAIL,SCflPta,T,TINF 11.7
1O ,EXPTOT ,ITER , $fM) 148

C
;o tO 17 150

15 T~~~ C 1 - 1
S F 0~~M TSS 152
C A L L  BAYES (M,INAD S ,IRESP ,M ,A f l W ,BflM ,COM,T, SFO~~’l,T I M F O ,~~X P TO T )  153
ITr..R 0 1(5g.

155
GD TO 18 15(5

17 IF IL FAI L .EQ .0 ) GO TO j A  1~~7
“~~ IN I  28, NA ME ,ID 1,8

C 5F” ) I~M AND T ARE SET TO -99.99 IN M A X L K  IF 101 C CN V
160
161

C 162
C WU T F  THE SUCCESFUL RESULTS TOTHE FIL E  TAPE 3 • 163
-~ 16’

166
i’S w -’LTE 13, 79) NAME ,1D,IT OT ,T,SFOR M,IKL, TINFO,E -~~TOT ,JT ~~~, SF M 165

( 0  To 1 15’
1~ ~‘R~~ -JT .30, N,NC
0 169

S T O P  170
0 171
C 17 ?
~‘) t- C- ~MA J I214,X,4.I1,F,F5.2,12,12) 173

~ 1 F O R M A T  11615) 174+
22 F O R M A T  (8810) 176
21 EO’~M AT ITso , AoAD 3Coe ,,,Tso4=== := :~~*,/,//,/,1 ’~ ,4Ar)~ P IIV F DI C HO TOM liE-

IllS SCORING WITH TH~~FE. PARAM E TE P HOOF LS~~,////, 
T~~~4PSYCd )MI TP IC H~~TH 177

2 095  PQ O G R A M ~~,/ ,T4.O’DEPA PTMF NT OF PSYCHOLOGY ’,/,T’’) ’JN IVE PS ITY OF ~ 178
3 1N’I r SOTA ,/,T40 M~~LS . MI NN . 55455~~,/,///,T2’ tNUP ’, T27 :I5,/,T~~,, 179

~ 4 M M A ~~4 ,T 2 7 4 4 I 5 , / , T 2 0 , 3 I O M I T 3 , T 2 7 4 4 , I 5 , / , T J U 4 1F L ) & 4 , T 2 73~~4 ,j 5 ,/ , T 1812
62J•OoT14 ,T27e~ sI5,/,T204OPT24,T27 4I5,/,T2-4lPT34,I274= .Tc ,/,T204 181
~O.’14.,T2? ø =4 , I5 , / ,T2O’ iS4 ,T 2 74 .FS.2,/ ,T 2 O 4 T S 5 4 ,T ? 7 .~~4 F6 .2,~~,T 2 Q .4  182
T M A X 4 ,T274 4F5.2,/,J2Q ,•8MAX 4 ,T ?7 ,4=4F5.7,/, T7fl 4 PMjl ,~4 ,I)? ,4= e F r ..2,/
1 ,T20 1CN4X 4 ,T27 ,4 4F5.Z ,/,T20,*VAp lA9LE FORM AT FOR POOL r ’SA13, /,T20 181.
i,’VAW IA BLF FORMAT FOR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 18(5
TI )  - 18(5

2’ FORMAT (8A10) 187
25 F O R M A T  (10K, PA R IIV ERROR ON TAP [~~,93X,j2) 188
26 FO RMAT (10X,A9 ,2A10,I, (1X,I4,?X,I2,2K,3FjQ.~~) 189
27 F O R M A T  1i0X,~ SUBJECT •,2A10,~~IO= •,19,’HAS NO RIGHT A’~SWEF-~’) 19fl
28 FORMAT (10*,’ MAXIMUM LIKELIHOOD ESTIMATION OrJ C S NOT C J N V ~~PG F ,’ F’ 191

lOP THE SUBJECT = ,ZAIO, ID: ‘,A9) 192
1- OVMA T (X,2110,49,Fc .2,?F7.2,I4+,2F?.2, Il.,F7.21 193

Sn F O R M A T (10*,’ CASE S WEA D ’,I6,’ CASES NOT CON V E 0G ~ 0:’,I5)
31 F O R M A T  (10*,’ SUBJECT •,2110,’Ifl= ‘,A9,’HAS A L L ANSWF ’ S ~ IG’1T’) 196

P- I-ID 195
S ’I I I IHI ( ITINE S E A R C H  ( I N U P ,I O, A ,R ,C,~~E Y , I T N ,A° ,f3~~,CP ,(~~Y - , I O’.it11I 1
UI Mt NS IOI— AR IINUP ), IIP(TNUP), OPITNU .’), KE Y ’ (?lUn) , IT ’ ( T P t I I ’ )  2

-
~ • - 
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INT.~~~~R FLAG 3
DO I I=1,TNUP 4
IF (I) .N E .ITM II )) G D TO I
A A ~~(T) F

7
C:C P (I) B
K E Y ~~~t - Y P (I) 9
CALL PCH E’K (~~,‘~,(.,IO,I flMlJM ) 1)

11
1 CON TINUE IC

~RI- .I 2, 1J ,IPNUM 13
C 14

Ifl:i 16
R’- IIJ1- ’P.

C 17
C 18
c 19
2 1-O ”Ma 1 Il’*,’ I1t- M 

~~~~~~~~ T.S NOT IN THF PO9L FOR SU~ JCCT 10 ‘,A9 20
1) 21
EN D 2’
SUU~~BJT! P~ ‘Ci-11C~ IA ,’1, ~~, 10, I r - N U M )  1

C ’ ’  CI-4t~~K W ilt I’lt P O’~ .)T i 1 - ~~ PA ME T RS A ’.L V A L I f l  2
C ’ ’  IF tht , E’~P’)R MES~ AGE IS P~~f I~~~~() 3
C 4+

IF (-~.LE.~~.O) °RI~~1 1, TD,A ,X ONUM
IF’ (I—S . j .GT • P )  .0- . 1 Et.G~ .5. 0)) °F INT ? , 10.9, IONLI M (5
IF f(i .O. f.T.C).OF.(C.(.1.j. QI ) PPINT 1, IO,C, 191UP4
QE T III -N A

C q
C 1’)
C 11
1 F O R M ~~1 ( 1 ’ )X . ’ I T E t -  : , I4,~ H A S  T i l l  I N VA L IO  A PA R A I 4 E T c R  OF ,F5.2,’ 1?

I A MUST ‘~E G F E . A 1 t ~~ THA ”  f l .~~’,f l~~~,’~~~R1P FO UND • , IFO~ TH~ SU9JECT 13
2 WITH 10 =‘,A 9) 14+

2 FO R M A l  I1OX, ’TJEM ‘,I4,’ HA ’~ TIlL EXTI~EME R P A R A M E T E R  OF ‘,F6.2,5X 16
1,’~~r~1- O P FOIINO FO F T H E SUNJE CT W I T H  I’) =‘,A 9 )  15

S FO WNA! (1CX ,~~ITFM :‘,I4,~ HA S  Till INVALI D C P A R A M E T E R  OF •,Fc .2, ’ 17
1 C MUST ‘IE RI T WE I-I 0 .0  AND 1.~~’,/ l C X ,’-RQiP FOUND ‘,‘FOR THE SUBJ 18
C t C I  W I T H  ID ‘,A9 )  19

ENU 20
SIJORI) UT I’9L 3 A Y E S  IM , IlM,RFSO ,~J ,A ,0,C,BTHE T,ttVAR, TTN FO,EXPTOT ) I
INTF(,1-R R1-SP (P),ITM (M) 2
PEA L A (N),HIN),C(F)
DO I I 1,P1 S.
LF ( I T M ( I). Fr J .C1 (.1) if) 1 5
C A L L  MSCO ’ (hTHET, ~~V A R ,~~ I I ) ,A (T ),C(I),R ~~SP(I)) (5

1 CON T INUE
CA LL N O S I A T  ( M , IT M ,A ,N,C, R T H ET , I 1 N F O , E X ’ T C T )  A
—‘ FTU 1- N q

10
SIJ ’IPOU TINI- OSCO-( ( ‘ ) T H L 1 , 0V A~~,uIF,-1I5,GU~~SF,IR!SP) I
D ( fl I F— M 1 H ET ) / S t ] F I ( 2 . Q * ( 1 . O~~flIS1~~24f T VA ~~) )  2
L R F D ER F Il0 (D) 3
LD S fl t * R (f l h 2)

I F (1-I)SQ ..~~ .0.0I ‘~~~TUPN
tOSt.al = 1 .C/ EOSQ 6
X K I N V ~~0.5’(1.O—ERF )) 7
XL I PJV GULSP+(1.0—t,tJESP)’XKINV A
IF I ( V L I N V . F Q . 0 . 0 ) . O R . ( X K ! N V . E ) . 0 .0 ) )  RETURN q
XL 1.U/XLINV 10
IF (TRFSP.P4E.:) GO TO 1 11
S=0.698942’(SQRT (I3~ AR)/SORT (1.0+(i.O/DIS”2)/RVARI)’ (1.0/XKINV)’EO 12

1sQI 1•’
f : j . f l~~j . f 7 2 4 + 5 4~~U4 FDS Q . (j . O. .f P Ff l )  II.
BTHi I BTHET+ (1.0—GUESP)3XKINV ’*L~ S IS
F3VAt. lVAW- (1.0—GUL~PL. 1Z~~!XL’S”2’(T—GUES-”YL ) 1(5

— -5

- -5
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RETURN 17
BT NET= BTHET—0 .T97885 ’ ( BVA R/ SQRT ( i .O/O I S ” e ,BVA R) ) ’ EOSQI ’ ( j , O / ( i .J .  18

1ERFO)) 19
PARTI=t .128379/ ( 1 .0 , (1 .O/ DIS” e)’ ( l .O/BVAR ))  20
PART2* 1.O/ (EDSQ’ ( l .O ,ERFO) )“ 2 21
PAR T S O. 56k190+O’ EOSQ’(1.O•ERFD) 22
8VAR ~ BVA R’ ( 1 .0—PART 1’ PA RT2’ PA RT 3) 23
RETURN 24
END 2(5
REAL FUNCTION ERFNP (X~ 1
DATA A1/0.254830/ 2
DATA A2/—0.28’.4.97/ 3
D AT A  *3/1.4214.14/
DA T A  *4/—1.4.53152/
D A T A  A5/ 1.061405I  F,
D A T A  P10.327591/ 7
ERFNP O .0 A
IF (X.EQ.O.0) RETURN 

- 
q

ES SIGN (1.0,*) 10
Y ARS (X) 11
IF IY.LT.6.G) GO TO 1 12
EPFNP ES
PE T U W N  IL.
Y2 Y’Y 15
T U . U /( i . 0 +P ’ Y )  iF,
A T : ( ( A j , 1A 2 , (A , 3 , (A I . +A 5 ’ T ) ’ T ) T ) T ) ’ T )  1~E A F A T / EX P I Y 2 )  18
E PFNP (1.O EAT ) ES
RE. T (IWM 20
END 21
SUBPOUTINE M*XLK IM,ITM,RESP ,N,A,R,C,M*X,~~~~ .~~~A T’ ,SD~ V,THE T A ,TI NF 1

IO,EXPIOT,NUNITS,StM) 7
tXIFWN *L FDOLOG ,SDDLOG
I N T E G E R  RESP (M)
DI Mt ”SIOP. A (N), B (4), CIW ) , ITM (M) (5

~~~“ U StS M A X I M U M  L IKELIH000 LOGIS T IC SCQPING ALf.QRITHPI AND QESPOP.JIE 6
C’’’ MOOrL 7
C•” nI S~-cI IO N IS USED 10 PROVIOE THE INITIAL GUESS FOF THE
C ”  MFWTUP4—~~APHSON MET400 9

CALL BISECT IFDUL O;,RtSP,A,R ,r,M ,ITM,E,GUFSS) 1)
0 11

CA LL N E W IPA P  IF DDL OG ,SDt ) L OG, PFSP ,A ,R ,C, M, IT M, MA X , F P S , N U M IT S ,G U E SS ,  12
ITHE TA ,SDRV,IFAIL) 13

0
IF  IIFAI L. E Q .1) 1,’

C” N F W T ’ J P.s PAPHSOP. 010 I-dOT CCNVE .?(,~ lc)
CAL L NWTEPR IT HEI A ,SDRV ,SFM.TINFO ,EXPTOT) 1?
RET (J~ P4

C
2 CALL L G ST AT (M,1TM ,A ,B,C,T H E T A ,TINFO,EX PTOT)

SFP4 1.0/~~QRT (AMS (SOPV )) 21
RET’J”N 22
EPI D 21
FUN C T I O N  FODLOG IPESP, IT )4 ,A ,8 .C , M ,THE T A )  I
INi~~GtR KES P (M) ,R ISHT 2
DIMENSION AIM ), B(s), dP I ), ITM (M )
D A T A  X ’q *x ,XNIN /200.0,—200 ,OI
D A T A  fl,RIGIIT/1.? ,il c

C” C*LCUL *I~ S FIRST D E R I V A T I V E  OF LOG—LIKELIH OOD FUNCTION OF * F.

C” PFSPONSE VECTOR FOQ THE LOGIST IC MODEL 7
sU M U.O A
DO I j s j~~tq
IF (ITM(I).EO.0 ) GO TO 1 13
X20’AU)’(IHETA B(I)) 11
IF I Y .L t .XMIN)  X XMI N I?
IF IX . G T . XM A X )  X = W ’ 4 A X  13

_— ----_ —--l—--
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t X ~~~ ’ - X P I X )  11.
A~~~A (I)’EFF 15
5UM :~;uJ M~~A~~/(tXF+j. -3) 15
IF I~~-SPII) .NE .R1G1T) Gfl TO 1 1’

IA
S U M ~~~UM +A i- /C( 19

1 CONIINO F
F0ULJ(,:—1. 7~~SU M 21
R~’ T !ft-’~.

- EF -.-) 23
1-UNCI ION SOfl LflG (

~~~SP, IT M,A, ’),C,M, T Ht T A )  I
I~Il brP  I.P j P ( M)  ,RISHT
DIM - . _. IOE. IT M ( M ) ,  A I M ) ,  e lM) ,  C ( M)
D A T A  X M A X , X M I N /20t).0,—230 .O /
D A T A  i),RIGHT/C .?,1/ 6

“ CA LC u L A T E S ~~COND )tRIV AT IVF OF L 0G—L IK~~L1HO0O FT )NCTIO ~ F
C” OF A RESPONSI VECT OR FO~ T HE L~W,ISTIC MODEL 7

SLIM:t.0
00 ~ It ,~I F  ( ! T M( I ) . E U . 0 )  (.0 T O I
X~~)’AII) ’IlHEI A—B(1) ) 11
IF (Y .LT. X M I N )  X X M I N  12
IF ( x .GT . v ’ IAX ) X X M A X  11
t X f - X P ( X )  14+
A F : A ( I ) ~~k X F  15
SUM :~Wp4~ A II) eA /IIi.0+E ~~F)~~(1.fl+EXF )) If’
IF ll .tS°II .NU .RIGI T ) GO TO 1 17
CF L I I ) + LW F  18
SUM SLI M +AlI) ~~C (I)~~4F/IC ’CE) 19

1 CON T INU I - 
- 20

Sfll)L’fl, —e .qq’SUM 21
REIJ ~-N 2?
6111) 23
5 1fl3wf’UTI IPjF- PISECT IF j,RFSP ,A ,9,C,M , 1114, ‘dIT~~~,flhID) I
INI~~G~ P RES P (P4 )  2
DIM~ E5 IOPi A C M ) ,  BIN) ,  CCII ) , IT M( M)

C” C A L C U L A T E S  A l - P ROXIMAT E ROO T Of Fl BY RISE CTIOI-IT 4
C” ‘4 ISECIING N T T F Q  (NJMRER OF ITE PA TI ON S)  T I P . S
C” 81411) IS BtST CURPENT GUESS AT ROOT THETA (5
0 7
C” I N I T I A L IZ E  LE FT HOUND AN O F1(IOUNO) AN D PIG’-I T BOUND Fl (ROUND) A

9
13R 5.0 It,
TTM ID=G.Q 11
IL FI(RESO , I T M ,A ,H,C,M,OL) 12
TP F1 IRES P, IT M ,A, 13,C,M, DR)

C” TEST FOP 140 POOl IN I N l r R V A L _ _ P F T U Q N  IF NO SOLUTION 14
IF I(TL’J R).GT.O.O) RE T IJRN 15

O iF,
C” NOW CALCULATE BISECTIONS NITF~ TIMES 17

DO .S I l,N ITEl~ 18
T M I D =F j (kf SP,ITM, A ,B,C,M ,BMIO) 19
IF ((IM ID’TL) .GT .O.Q ) (‘0 TO 1 20

C” RE PLA C E  R IGHT BOUND W I T H  Sf110 21
B R 9 M IO 22
GO TO 2 23

C” REPL ACE LFFT BOUND WITH SPIlT) 24
I TL T M1 D 25

8L ’IMIO 26
C” FIND NEW MIDPOINT 91410 27
2 81410 (BL+BR )/2 .0 28
3 CONTINUE 29

RETU R N 30
t N O  31
SUIIPOUTINE NFW TRA P IFI,F2,RFSP,A, R,C,pl,ITM, NITER,EPS,NUMITS,GIJESS, I

IIHITA .SOWV, IFAIL ) P
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Iti l -l~~ Q u— u S P ( ’ - ’)
l)I ’ C I ~

)I. A I M ) ,  P 4 ( M ) , C ( P ) , I I M IM )  4
C’’’ CAL r I L A T E  ~ TH E R O U T  OF Fl G IV ~~N ITS FIRS T P ~~I VA T I V -  F2 F

~‘‘‘ A \ ~-) ~ t - I N I T IA L  GIJ’- SS U S I N G  NLW T0I-.-~ A PHSON M~ THOP (5
C’’’ l H~ 1.% I-~ 1PPR. TO THE ~- ‘DT ~P’V  IS F 2 I T H F T A )

‘~UM !IS O
I H~ T~~~ G l 1t- ’

0’’’ L ‘)~~~‘ 11P41 IL ‘ R -  ~~ P- ‘ O W N- I M~’t c’ “f I T— ~~~ iION~ ~r COMt C ICI) L A F G ~ 10
E i ) . V r

~’ 1 IR ~,
P.IT M ,.~,9,C.”,THr Tt) 1-I

‘ , ( 1 . -V = u -  ? IL P, I T  M, , - u ,c, 1, T U’- T r. ) 12
1 c ‘ F’IPV/’,)’ V
Il-I t ! , _ T , 1 L  l~ .— i ~ - Q  1.

h l M L I .:,~lu, M IT .. et  i~
0’’’ - - ~ I I 

L ) - ’- ‘> III- I ‘1 16
I l -  I r-’i~~i’ ; .LT  .\ IT — )  .A 2. (A.” .(- -L ) •~~T .~~’- ) I 63 TO 17

C ’’’ ‘ - LUU . 1 L 1  H~ ? C UNV :  ~‘r ,’ ’ ,~~’ -\1 S~~T I F A I L  IA

j~~ (~ . uS (~ - ‘-- 1 .1 ~~~ 
O~~~) ~‘ r  T U ’’~

0 2 :
4~ - \  Q A u - -u v— -~ ME I’1 - ’( J (‘“~ ‘i~~ i C t  ~-V t -’GE 2?

V l -  ~~~t =1
74
?~

‘~~
I I I’- T -

‘ 
- W i  —‘e u. Ii H’ I , ‘~ 9 - . I I ~1F , (‘1 ‘~T ) 1

- - - ‘ - - ‘i • “.4’’:’ ~ ‘. I’ ’~ L A ~~ —d ,I ICH N’ 91J  ~~~~~~~ . ~~A T L ’ ,
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~~~I 
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C 7
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‘ -i

j~~ ~~~~~~~~~~~~~~~~ ‘ .~~ T L
~~~I - J -  ) :t (  L 1 + 1  1
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~~ 
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~~ 
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24
Y t I -. I 1~Y Lr4L  (~~t ’ ,-’ . IT ’~,’~.’4.~~. l ,C, j.~X , c 
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C 10
CALL hISLCI ( l - D NO”V ,  RES~~,A, R ,C, M ,ITH,5,1’1JESC) 11

12
‘:ALL r E W 1 - ~AI? ( F O t ~rfl~~V , S O t ,CGV ,Rl-~SP, A ,H.C, M, ITM ,MAx ,rp ;,NuMITS,GIJESS, 13

I 1H~~1A , S P PV , t F A I L )  I’.
IF (I FAIL •EO. ) 1,! 15

C’” ‘SE u4TtlN RA F~iSOt D Ir) NOT CO NVERI~~ IF.
I ..O A L I  P W T I - ’~.~ (TMET A ,SORV .SEM ,TINFO,EXPTO T) 17

-
~~~ 115.- N 18

C 
- 

lq
2 C A L L  d OSI~~T CM, ITM .A ,~i,~~,THFTA ,TINFO ,CX ~~1 ) T ) 23)

Sf )s-V=ABSCSD PV ) 21
Sl- M I . ’)/Sf)’~T (SORV) 2~

23
24

u- UN I ; I 1O FI  (- ‘)NO(~V C - -’ - S P ,i T M ,A, R , C , M , r H ’ - T A )
— I141r ’- ’ ’~ k-rSP(I .u) ,PIr.HT

t)IM; -~sIO P,. A CM ), 8(1), CI II), lYNCH ) 3
DAT A ‘~I , k1GHT/3.1.1~~92,1/
U A I A  X M A X ,X MIIS/?.’., —l.O / 5

C’” C~~LCIILA TLS Flu -S T “- ‘~1VA TIVE OF LOG—L IKELIH3M) rUNCT ION ‘OF F,

C” A I~~Sp~ON~ E VECTOR FOR THE NORMAL OGIVE MUD~ L 7
C A

SCJM= ,.O ‘1
RO1JLL’I=i.I/SOPT(2 .J~~PI) 10
DC- ‘ 1 1,M 11
IF IITMC 1) .6O.0) ‘.C 10 ~ 12
TE M.’~~~(I)’IT H’ TA —B C I ) )  13
IF I I r l j P . G T . X M A X )  T E M P W M A X  14
JF IIcM P .LT •XMIN ) ItM D YPIIN - 15
X —  II tMP’Tt-MP) /‘, . 0
flN M-~A I ROOT0I~~A II ) (1. 0_C (I))~~EXP (X) 17
O r N O M = C C L ) , ( 1 . 0 — C ( I ) ) . C D F N ( T E P P ,  18
IF ( ‘ t S P ( l ) . E Q . R I G ’ l T )  Go TO 1 19
06N0-’ — C l . Q— DE N OM ) 20

1 SIJM= SUM+ (IIN PIWAT/ O ’ MOM) 21
2 CONTINUE 22

FDNO(1V S1)P 23
24

~ N D  25
F(I”ICI ION SO NOC.V ( S P , I T M , A , ’~,C,M ,Th-~T A )  I
INT~~(,tP KESP (14),kI~ HT 2
0IMEt ’~SION AC M), fl (M)~ CC II), ITMIN ) 3
D A T A  PI,WTGHT/3.141592,1/ I.
D A t A  XM A X ,XMIN/7.J,—7 •3/

C” CALC I’LA TE.~ S~ CONO OE R IV A T IV r OF LO G—L IKr L I’ -lOOD F UN C T I O I  6

C” Of A RESPONSE V ECT O F FØP THE PIORNAL OGIVE MODFL 7
C A

S I J M L • 0  9
Rf)OTPI~~1.O~~SQPT (2.)’P~~) - jul

00 2 1 1,M 11
IF (ITM (1).EQ.0) -GO TO ~ 12
TE MPI A11)’ (T)ETA—’ I l I)) 13
IF I)LMPX.GT .X MAX ) TEM~ 1=XN *X 14
IF IIEM P 1.LT • %M IN ) TEM P I~ XMIN IS
X =—T l- PIPI’TE.MP1/2.0 16
TEM P2=ROUIPI’(1.0_O(1))~~*1I)~~CXP(X ) 17
F I W N UM2T E . M P 2 ’ T E M P~ IA
SECNU M~~TEP’P2 A( I )’TFMP1 19
SDEN0MCII),(1.0—C (IH~ COFNITFMP1) 2)
FD E NUM SUEMO M’SOENIM 21
IF C c€S PIT) .EO.RI (,MT) GO TO 1 22
FDtNUP41(1.~)~ Sfl2NOM) ’I1.O—SDENOM ) 23
S D L ’ I O MZ - I 1 .0 — S O E N O M )  24.

1 SUM~~~UM— If IPNUM/ FOE NOM) - (SECNUM/SOENDPI ) 25
2 CONTINUE

- -
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~, I’ t  ‘ I .V : ’ I~”
28
29

S’,u— ~~I It I~
,,- I-0~~V 4T (9 ,IIM ,A ,~~,.:, T u 4 T A ,T j P .FG,~~~~T U T )  1

fI lM ~~iION ~ ( M) , • - ( ‘ 4 )~~ C I I ’) ,  T T M ( M )

C A l ’  ~‘IAX ,XMII/7.~~,—T. ,5 / 3
“ A l -. ~ t / i . t ’ 1 ’ Q 2 /  4+
I T - .u-~~~J.(  6

,- ~c ’ r ~ i I = , 6
K’)’) 7:) 7

C A
1’) - ~~~~~~ 

C,

j c  I I 1 M I L ) . ’O .O ) ~- i TL • 1’
~ “1- 1 K O U’ 1 +  11
1 l’ _ ( I _ )~~~ (T l - i~ i~~—~~(I)1 1’
L~ 

(I 4~~~ (, t ,Y l A X )  It MP (MA ~
T~ (I- M . L  1. XN’ L M J  r~~M~~~~ I - t~ 14
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APPENDIX N
LINPSCO FORTRAN PROGRAM LISTING

PFUC .u-A ’ l  L INPSCO Il~~PU 1, f I UTPUT . f lATA, Iu~OOL, T A P E 1~~O A T A ,IAPE2 = I? O u L ,TA  1
~Ei, ’-’UNCH) p

3

0 ) rF i~-. IT I’)’l 01- VA PLAAL FS USED I’4 LI J PSC 3 4+
C
O I I H ~~1 A )  THE A B I L I T Y  E S T I M A T E  F.
O IT EM: AN A Qu -~A Y ()P- I H ~ ITEM S Pd THE ITEM PO )L 7

; 

C INU~-” T I— u- NOMI4EI. O F I T L M S  IN T HE IT u - M ‘ OO L
C A i  A N A wu - ’ A Y OF 1i-~ DISCRIMIN ATIO N PAW AM F 1~ -- C ; )  ASS CIATED u4Ih-4 C,

C tACI~ I T E M  I_ -I
C R I A~I A R RAY OF i l-If -~1IF l- IcU L 1Y ~A PAM 1T’ l-’S ASSOC IAT ED WITH EACH h E W  It
0 ~AX C uT $ “.0. OF ~~

- ~ P3145- CATEGORIES MINUS 1 F ’lR THt ITEM IN TI’S 1?
C 1 1 P M  POOL ~~4 I CH HAS T I-SW MAX IMUM ;40. OF ~ES0O4S E 1-3
C CA 1uOC’~TES 14
C 1NA ~~1 A ls  A~ k A Y  OF THr ITEMS WHICH HAVE DE: ’I e - OMIN1 ST tREO TO ALL

0 C “IBJ~ CTS 16
C ‘I) ~‘iE NUMHEI’ OF ITEMS IN THE TEST 17
0 AU3 M ,1P

~ f) ~33Mt THE ARRAY ~ Of PAPAFPET[ ,~S ~SS3Ct ATrO WI _ TN TH~ ITEMS
C IN IN~~C 14
C INAI’: : A l. A R C A Y  9F T H E  I T E MS  U$EO 10 C41C ! l LA1~ T H t T A  FOP A GIV ~J4 2’
C StJ HJ CT C INAOS 1 N ’ D — ( R E J I - C T I O N  AND O1IS~~10P4S) WHC ’~F II) 5 21
C OF ‘ E J E C T E U  OQ OM ITT E D IT t M S  4R~ SET T O  ZE~~O) 2?
C IRW .‘- ‘* T H E RiSPO NSE Vt rT OP 11- T HE CIJPRLN1 OIJ IIJFCT 23
C 9 C A T I  A ls  A R W uV OP T Nt  ‘- UM BER OF RESPO NSE C-I T~~G3P T L~ lINUS I FOR 24 +
C ~- AC N I T E M  A O M I N I ” I I R E O  2~
C P E Q r .’:ls -:‘~C FN 1A G OF h EMS ANSWERED BY A ‘,IJ 4JECT FOP WHICH TH E 25
C 31ST l-WS PU -’~SE HAS BEFN CHOSEN 27
C Dl A CON SIAN T US- P TO CHANGE THE METucIC OF TP4F LOGISTIC GRADE D 28
C MOtFC L. 0:1,7 9’ 1 •U THE DI-FAULT VA LUE 15 1.0 24
C .30

31
CQMM ;)N 0 3?
U IMt P-.S ION L T E W ( 1 1 0 ) ,  4 ( ) G , l O ) , PC L O O , 1 ’ ) ,  INA f l C 11~0 ) ,  IREJC1u J), 1 33

lkESl-’ (IOO ), AOMI 1EJ, 10 ) , BOMC100 ,1fl), NAME(’ ), IFORM (8), NCAT (100), 3’.
2 II- O~ M 1C 8), IP-uAOS (100), OE SCI?4) 35

IM T t t , t R  O~~T l, C P T 2 , O ” T u -,A O IM ,BO tM
37

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 38
‘

CI?FA D O P T I O N S  AN) PNOI,WA ’4 PMRAI ’ ET EF FROM INPIJ I FILE D A 1 A  IS ON TAPE Z ‘ 4’)
C - ‘ 41

42
L~~UO4+ 2 43
R E A D  ~‘0,  IMJ P ,M, I4 A Y C A I , D P T 1 , O P T 2 , O P T4 , D ,  I O M T T
CALl. CHKI P.° CINU P,M ,OPT’.) 45
IF C 1’.ME.1.7) D~~1•0 4(5
R E A l  S3 ,  (IFORMI(I),I:I,8) 47
REA l )  J~~, I N CA T ( I ) , I : 1 ,M )  (u- A

C” IN PUI ITEMS AND IH~~IR PARAME TFRS 49
1K P A U I M ( M ~~X C A T , O P T 4 )  50
‘ C = H r ) I M C M A X C A T , O P T M I  51

• DO 1 1 1, I N U P  
- 

52
I. R EAL ) II~ OOL ,IFORM1 ) ITEMCI),IAII ,JJ ) ,JJ 1,Il(I),(SCI,J),J~ i,I() 53
c

REA l) 31, (LNAD(I) ,P1,M)
R E A l .~2, (IPEJC 1),I 1,M ) 56
RE AD 33, I1FO~’M (I),I l,8) 57
READ 31., ()ESC 58
PRI Nt  35, INUP,$,IO MIT ,OPT1,OPT2,OPT4,MIXC4T,fl,IFORM1,IFOPH,OFSC

0 60
C” IHOS t I T E M  ID S WHICH A - ’E Il-I THE REJECTION VECTOR WILL BE SET 61
C” 10 1~ RO. IFPO ITS- N Iii S WILL SE SI(IPPLO DURING COMPUTATIONS 62

00 2 I~~1,P
2 IF ( [ W E J C ! ) • 1 C 3 . t I  Z N A D ( I ) : Q  64.

IF IDPT2.FJ•1) GO 10 tO 65
C - .65

‘ 
•

-- - - - : -
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C 67
C” SE ARCH FOR ITEMS ADMINISTERED IN POOL 68

DO 9 J 1,M
IkL AOIMINCATCJ ),OPT 1.) 7fl
K .3O IM CN CA T(J ),OPV ’ .) 71
IF (INAO (J).NE.Q) GO 10 5 72

C” BLAN K OR REJECTED IT E M  INCOUNTEPED 73
00 3 L t,IKI 74

3 AO MCJ,L )=O.O 7;
00 ~ L= 1, ’( 76

I, H O M C J , L ) u.0 77
GO TI 9 78

5 CON TINUE 79
C 80

DO ‘i T=1,INU P 81
I~ CI NADI J ).Nf. IT- M(j)) GO TO 8 82
DO ‘- L 1,IKI

6 AOM (J,L ) A(I,L) 64
30 ~ L -~~,’( Ac

7 8 P MC J , L ) H II ,L) 86
GO IC 9 87

A CON TINU E 88
I N A S 3 ( J ) 5) 89

9 CON tIN UE 9’)
GO To’ 13 91

C 92
C’’’ ALL IT FM S IN POOL ‘IAVL ‘~E~~N A r,P

~,I5ISTF pFr) Sf) POOL OOt:S “lIT
0’’’ NE~J) TO ~ l’ S u - A RCHi 1 9’.
10 00 :. I:1,M 95

I’(I~~4Lj tM (NC4 T (lS - ,1’T4) 9(5
K~~17 - 1 1 M C N C L T C 1 ) , O P T ~u ) 91
ro JJ=I,IKI 98

11 A I J M I I,JJ ) :A ( I , J J)  99
P(’~ L J=1,( 100
0 DM II, J) ~ (I ,J) 101

1? C’~’lTI NtJ~ 10?
C i03
C 104

‘ C’’’ u-’tJ- ’-uC-’ PIE 110 M PA~~4F~E J VS LXI TMA T~~S CO~ —’E S°iN9IP4G If) 1-l ~ TT:MS 105
C’’’ P3 I ’— ~ TE ~~ T 106
13 II- I ’ ~ Ti .N’~. 1) t,C~ TO ~c 107

nO ~~. I~~1,M 108
i~ (I~,AflII).FO.0 ) ) TO 1’ 109
LKI :ul)III:. CAT (1I ,‘~~‘T4+) 11-,
K:- l r I M ( 4 C A I C I )  , f I P - 7  .) 111
PU NI~P4 36, LNA rIC1),1k€ JIT),IA PM (I,JJ ),JJ :l ,IKI ) 11?

~ u~~t ;p- ’ 37 , (flGMII,J),J :I,X) 113
II. CP NT T PI J I - 11’.
(0 116
C u-’)-’j -j I 001 TI-41 IT EM AN’) THEI R PA MF )f fl 116
ic DO :‘- ITI :t ,M 11~

1l (Ir’.~1IM (P.C AT (111), f’PT u- )
K~~ 3 ( ; j M C N C ~~T C l I I  I ,G~’ T 4 )  119
PR I NT  3’) , 18 4 0 1 1 1 1)  ,I3-’E J( lIT ) , (A T3M (ll I ,JJ ),JJ 1,IKI) 12’)

15 P~~1P - I  4 0 ,  ( f l f l M ( L 1 I , J ) , J : l ,~~) 121
— P R I ’ ~ J 43 122

123
C’” • 124
C” u-’EAIu ‘.UOJ’ !O T FROM TAP ’j, CALC ’ILA T~ TH~~TA , LOOP BACK III 100 UNTiL’ 125
C”’ T)4~~’~ A RE NO MORE SUBJECTS TO SCG~ E ‘ 126
C” ‘ 127

128
N:0

17 RE A l ’ 11,11- )QM) PIAM~~,I!J, (IR ESPII) ,1~~j,M )  - 130
Iti~ UNI T I1 ) 131
IF ( 10 .1 1 . ’ ) )  (.0 10 18 132

____ —-- --- 1~-~~~~-’ -~~ ’-” _--5_ 
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PR1~~1 38, 10 I_ 33
1~ IF CTO.EL J .Q) GO TO 29 134
C 135
C” CHECK FOR VAL ID Rt-SPONSFS AND FOP SP’CIAL ?~ S~ ONSF VECTORS 136

CALL CMK QSP (IRESP,IOMIT,INAD,NCAT,M ,NAME ,I 1,INAOS) 137
0 138

C A L L  ( 0 H K V E C  (IRESi-’,INAO~i,NCAT ,M,ICHK,NBFST ,iA1-J5 ) 13~
GO TO (t9,2S~,21,23), TCMK 14r

C” ALL ITEM S OMITTED 141
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