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CoMPuTER PrROGRAMS FOR ScorRING TEST DATA WITH
ITeM CHARACTERISTIC Curve MoDELS

Although latent trait test theory, or item characteristic curve (ICC)
theory, has teen 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 applied 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 pre~-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 Number-Correct 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 possitle.
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 diffi-
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, 6.
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 function (Samejima, 1969).

In the context of latent trait test theory, scoring may be conceptualized
as finding the value of 6 (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 6 for which
the likelihood of the response vector is maximum. For Bayesian scoring, the
score is usually either the value of 6 that minimizes the mean squared differ-
ence between the estimated 6 and the "true'" 0, or the value of 8 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 exblicate 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) difficulty, b, which is the location of the ICC on the trait (8) 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," ¢, the
lower asymptote of the probability of a correct response at 8=- (e¢=.16 for
Item 1 and 1-.78=.22 for Item 2).

Figure 1

Response Probability Plots for a Correctly Answered Item (Item 1)
and an Incorrectly Answered Item (Item 2)
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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, 6, the likelihood of a response pattern at any value of 6
can be determined by multiplying the separate probabilities of the responses i
in the response pattern for that value of 6. The value of 8 for which the
likelihood is maximum is the maximum likelihood estimate of 6.

Conceptually, this can be illustrated with the ICCs in Figure 1 by using
discrete values of 0, such as those shown in Table 1. For example, at 6=-1.0,
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 A=+1.0, the probability of a correct response [1l] 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 6=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, resulting 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 8 continuum.

Table 1
Probability of a Correct Response to
Item 1 [Pl(e)] and Probability of an

Incorrect Response to Item 2 [Qz(e)] for

Selected Values of 6 (Item 1: a=.8,

b=-.5, c=.16; Item 2: a=l.4, b=.75,

e=.22), and Values of the Likelihood
Function [L(8)]

e P1(6) Q,(8) L(8)
-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

«3 .580 L742 .430

0.0 .718 .668 479
.5 .828 .503 416 |
1.0 .903 2277 .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 6 based
on the response pattern and the relevant ICCs can be a plot of the likelihood
values as a function of 6. This plot, shown as a solid curve in Figure 2, is
called a likelihood function. As can be seen, the maximum of the likelihood
function in Figure 2 occurs at about 6=0.0 (actually .0l). Thus, 6=.01 can
be considered the maximum likelihood estimate of 6 associated with the [1,0]
response pattern, given the parameters of the ICCs for the items generating
that response pattern. The maximum likelihood 6 estimate is thus the value
of 6 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 6, the likelihood would be determined by
multiplying the response probabilities for the appropriate ICCs (based on
the specified response pattern) across all items that have been answered.
Thus, for n items, 7 probabilities would be multiplied at each value of 6 to
obtain the likelihoods. The resultant likelihood values for all values of 6




could be plotted; and the maximum of the likelihood function would be used to
identify the value of 6 that gives the observed response pattern the greatest
probability of occurrence.
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Figure 2
Likelihood Function and Bayesian Posterior Density
Function for the [1,0] Response Pattern
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Maximum likelihood scores are intuitively appealing; at the same time,
they have a number of optimal statistical characteristics, 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
F i as the information function of 6. As a consequence, different scores (i.e.,
; 0 estimates) can have different degrees of accuracy as estimators of 6 (Birnbaum,
s ' 1968; Samejima, 1969).

Bayesian scoring. Although the numerical details of maximum likelihood
and Bayesian scoring are substantially different, the two methods are
1 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 6 in the
population of individuals to be tested.

To illustrate, call L(6) the likelihood of the response pattern for a
given 6 value. Now call f(8) the prior probability density associated with
that value of 8. The modified likelihood, which may be called p(8) is then

p(e)-f(e)L(e)/ﬁf(e)L(e)]de. (1)




Equation 1 is called the posterior probability density function. Just as the
maximum likelihood score is the value of 6 for which L(6) is maximum, one kind
of Bayesian score is the value of 6 for which p(8) 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 illustrated using the likelihoods associated with
the [1,0] response pattern discussed earlier. Table 2 shows for several
values of O the probability of a correct response to the first item [P,(8)];
the probability of an incorrect response to the second item [@,(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(8)], which in
this case are ordinates of a normal distribution with mean of zero and standard
deviation of 1; and the posterior density function [p(8)], computed using
Equation 1. For these data

f[f(e)L(e)]de:.az.s. (2]

The resulting posterior density function, [p(6)], is shown as the dashed curve
in Figure 2.

Table 2
Response Probabilities [P;(0), @,(8)], Likelihoods [L(8)],

Weights [w(B8)], and Posterior Density Function [p(6)] for a
Two-Item Response Pattern

0 P, () 2,(8) L(8) £(8) p(0)
-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 w251 .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

B e
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The mode of the posterior density function in Figure 2 is located near
6=0, so the Bayesian modal estimate and the maximum likelihood estimate are
about the same for this data. The Bayesian O estimate based on the mean of
the p(0) distribution is -.12. This 6 estimate does not coincide with the
maximum likelihood estimate (§=.01); as will be further shown below, estimates
of 8 obtained from different ICC scoring methods do not generally agree.

Differences Among Scoring Methods

The programs described in this report are capable of scoring 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 logistic 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. Unforturnstely,
there are as yet no firm guidelines for choosing between these two response
models. Samejima (1969) has shown that the normal and logistic ogive models
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 (») from -2 to +2 and had discriminations of 1.00 or 1.50.

Table 3
Item Paremeters for Five-Item Test
Iten a b &
1 1.00 -2.00 .00
2 1.50 -1.00 .00
3 1.00 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, there are
25=32 different response patterns. These response patterns 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 O estimates derived from these
response patterns within each procedure. For maximum likelihood scoring using




a normal ogive ICC, the ordering of the 6 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 O estimates were
uniformly 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 O 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 6 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 ook ook =1.72
2. 00001 =393 -1.60 -.64
3. 00010 =, 61 =119 -.38
4. 00011 =.13 -.46 .11
5. 00100 -1.42 -1.60 -1.06
6. 00101 ~.50 -.84 -.28
7. 00110 =230 -.46 =ik
8. 00111 .13 .46 .30
9. 01000 =124 -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 ook ook 1.55

*
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 reesponse to Item 4, the second most diffi-
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 6 were related to the discriminations of
the items answered correctly. Those response patterns for which the discrimi-
nations of the items answered correctly were the same were assigned the same
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 6 estimates. Since the Bayesian 6 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 6 estimates derived by
different ICC-based scoring procedures and, more importantly, to assess the
implications of these differences in practical applicationms.

General Description of the Programs

This report describes three computer programs for scoring test data with
ICCmodels--LINDSCQ, 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 Dichoetomous Polychotomous
Scoring Linear Adaptive (LINPSCO)
Procedure (LINDSCO) (ADADSCO) Graded Nominal
Logistic Ogive
Bayesian? NO NO NO NO
Maximum
Likelihood YES YES YES YES
Normal Ogive
Bayesiand YES YES NO NO
Maximum
Likelihood YES YES YES NO

aThe Bayesian scoring procedure is based on Owen (1975).

to be used for scoring test data for conventional (linear) tests in which all
items are administered to each testee. It requires responses to be dichotomous;
that is, responses are scored into one of two categories, such as "correct"
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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 cr 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 (ADAptive Dichotomous §§gring) 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). 1In LINPSCO only maximum likeli-
hood scoring is available, and subscale scoring is not possible.

All three programs compute both test information and response pattern infor-
mation values when maximum likelihood scoring is used. Response pattern
information (Samejima, 1973) provides an estimate of the precision of measure-
ment for 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

Maximum Likelihood

The numerical procedure for maximum likelihood scoring of dichotomous
data consists of two stages. Ip 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 i« returned as the
initial estimate of 6. Otherwise, five additional iteraticuias are performed.
After the sixth iteration, the width of the interval has been reduced to
10/(2%) = 10/64 = .15. The midpoint of that interval is the initial estimate
which is then refined further by Newton-Raphson iterations of the form:

em1 = em - (f'/f") [3]

——————
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™
!

R R 03 0 et et A

)=

where 4
9m+1 is the new estimate,

v S R WA

6m is the estimate from the last iteration,

f' is the first derivative of the log-likelihcod function evaluated at

, and
m

™ 1s the second derivative of the log-likelihood function evaluated
at 6 .
m

i This iterative process is continued until |§m+1 = §m| < .005. If that

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

Formulas for derivatives. Let v= {u_, g=1, 2, ... n} be a response
vector such that g

’ 1 if the item is answered correctly
u_ = .
g ' 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 for a given value of 0 and item
parameters g _, bg, and cg is given by

g

z < -1.7a (6 - b ).,-1
Pg(e) eq + 1 eg)[l +e g a’l {4}

for the logistic ogive model and by

] a (6=p ) .,

f P o) s a & (e ) g gt 2y,

i. g g ¢ It L.

5 = - - 5
. e, + (1 cg) ® [ag(e bg)] [5]

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

R
.

The log-likelihood function for the response vector is

a Ug 1-u
L,(8) glong(e) Qg(e) g

- g [uglong(e) + (1—ug)1ong(9)l [6]

R W |
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where Qb(ﬂ) = 1-Pg(9) and Pg(e) 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) aP (6) 3@ _(0)
1% = 1 g 5 1
=) ()] e [G) ()} o

and

32L_(6) 3P (0)\2 32P (8) |
gor . 5{"9 [(P;(e))( 30 ) s (pg(e))( 36 )] |
3Q (0)\2 32Q (8)
* a3 = = iy £ |
g’ [\ G ® )\ 98 9,® )\ 507 J|f . (8]

For the logistic ogive model, after simplification and letting
T = 1-7ag(9—bg), these expressions are

aLv(e) a ex ua ex
» 1,78 —E—x +1.7% 449

in 9L 14e e +&” (9]
and
%L (8) ae” u a’c e* §J
—ggr— = -2.89% |—L— | +2.89% | 224 (10] ;
(1+%)? (c-g+e’°)2 - 1

For the normal ogive model, letting x = -a (B-b )2/2, the corresponding
expressions are

i

~1/2 1/2
L _(8) " (2m) a (l-c )e (1-u ) (2m) " “(1-c )a et
i i
% - §|s +(1-c la, (e-b DS R LI (e-b )77 e
and ‘
ANl S AR e s = -
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321, (8) (e 2q-¢ ya 52 2m Y23 (6-b ) (1-¢ )*
azz g0 )= {[e -(1-¢ )ola (6-p )1}* = T{e -(l-cg)¢[ag(b -6?]} o
g{ 4 gy g g g g eg\tg
[(zn)'l/z(l-gg)a 12 (Zn)-l/za;(e-b V10 )e"

(A~u ) | = 5= =s 5 y * o o - [12]
ik B (e #(i=0 )8la (8-5 )11* * T-Tc_¥(i=c )8la _(6-b )1}

Computation 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 7(B); the other is test infor-
mation (Birnbaum, 1968; Samejima, 1969) denoted by I(B). Test information is

defined as the expected value of the second derivative of the log-likelihood
function, i.e.,

‘leogL (9) l

By = v (13}
IB)=<% |E\—=— .

5 [ | 30 f

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

o 9%1ogL, (8)
I(8) = -g [———7ﬁ;r————] : [14]

that is, the "observed,'" as opposed to expected, value of the second derivative
of the log-likelihood function evaluated at B.

These two measures of information will be the same for models in which
there is a sufficlent 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
{P2(8))?

1(8) = § ——I- — [15]
g Pé(G){l.O-Pg(G)} i
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where Pé(e) 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¢)) 2lach 12
Pr(®) = (e %l k12 | [16]
g V2
and for the logistic ogive model,
e 1.7aq(1-c )e1'7ag(e_bg)
S e E [17]

[1+e1.7ag(6—bg)]2

Standard error. The standard error of measurement associated with 6 is

computed as 1/VF(0), that is, the reciprocal square root of response pattern
information evaluated at 6.

Bayestian 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 6 is
normal, with mean H,=0.0 and variance 0§=1.00. where subscrigt o denotes the
fact that no items have yet been administered. After the mth 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 m + 1th item is
correct,

2

Moo= E(6[1) = u +(1-c ) ik (D) (18]
m+1 m g 1 g cg+(1—cg)¢(-D)
a g + 0 m

and

\ l-c (1-c ) (D)
(D) g
°:r+1 = var(0|1) = Ozm 1-( —4— ( A )( A s D) ! (19]
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Following an incorrect answer,
| ” (D)
m
= = 20
Wppp = ECOlO) =u o~ o (¢(D)) [20]
E’; m
and
; \
(D)
+ D
14+ = o(D) g
a® o
g m

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

¢(D) is the normal probability density function,
o(D) is the cumulative normal distribution function,

, and
‘/—1— + 0

A= c + (l—c ) & (-D), [23]

[22]

After the last item has been administered, the posterior mean is the esti-
mated 6 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 estimate. 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

5 different.

Computation of Expected Proportion of Correct Answers

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

EXPTOT = zgpg(é)/mr > [24)

where Pé(@) 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 0 is
based. EXPTOT is simply an estimate of the true score associated with 6
(Lord & Novick, 1968, p. 387).
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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
refined 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 signof 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
10/(2%)=10/64=.15. 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 shgwn in Equation 3. This

iterative procedure is continued until 'em+l eml 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'(em)—f'(em-l) - [25]
(em i eﬂ—l)
Graded Models

Let v = {xg, =15 2y oo } be a response vector exclusive of omitted and

rejected items such that

= if the "best response was given
= if the second "best' response was given

N

ey = .

mg-l if the next to worst response was given

mg if the worst response was given.

For the graded logistic ogive model, the probability that xg takes one of

the values between 1 and mg is given in general by

Y Yo =1 _
ng(e) - ng “=[l+e 971 - 14e 9 71 [26]
W TR - ST W25, 5
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where
Y = -q D(G—bx b
s g

y, = -aD®-b__)) , and
Tg g g
D = 1.7 is a scaling factor.

When x = 1,
g

Yo, _
qu = N#e T,

When &x_ =m _,
g

g

S
P_ LT T i
g

=17

(27]

(28]

[29]

[30]

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

the values between 1 and mg is given in general by

Y
g 42
- - = t°12,,
PJ7 (9) Px (2m) / e
Y

g g 2L

SORIEE

xg o
and

Ype -1 ag(e-bx -1) 5
When & =1,

(31]

(32}

[(33]

[34]
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When x_=m ,
g g

Y =1 42
P =1~ (Zw)“/ " o 124 (35]
g9

-0

The log-likelihood function for a given response vector is given by

l’xg
Lv(e) = log g P&g

= 5 rxg [log ng] 3 (361

where

1 if the zgth response category is chosen

r
zg 0 otherw se

The general first derivative of the log-likelihood function is

3Lv(e)
% "5k T b - (37]

Samejima (1969) referes to Lx as the basic function. Since Lx =(3Px /89)(2m )-1

g e @ g
3L (8) 3Py /30
O g oo
' #% % ‘=
g

The general second derivative of the log-likelihood function is given by

32L_(0) 32p, /36? :
Lt egf s, =] - e
gx_ -« B
g 9 g z

Specifically, for the graded logistic ogive model,

3L, (8)
"t ag1.7{1—P; - P% 4} [40]
g g g
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and
¥ o
3%L_(0) B
v 2 2 * * 0% Y-
e LT %.89 —1[- (L, )2 + (20* _)(P* @*)
96 g g g P;g { zg xg 1 xg xg
& 4 a [41)
(ZQ;g—l 1)(1’:9_1 Qa:g-l){] .
where

Pr o= (14 o1 Tag(8-bg ) -1 -

g ’

Ay = [+ 1790 rm0yt [43]
g
A =
el [(44]
gl [45)
g
Q;: =1 - P; , and [46]
g g
* = &3
Q.r -1 L Px -1 - [47]
g g
For the graded normal ogive model, letting A, * —[a;(e - bx )21 / 2, the
g g
corresponding expressions are
r z 3
3L_(6) r.a & T ~1
ge '5§ gg[eg_egl/px(e) [48]
g\ 2 g
The second derivative is given by
3%L,,(0) : : ik
it 2 O [. L ] »
X X
i %1% ¢ g
-aa az ax -1
—L {(8-b ) e 9-(8-b, )e’g }| /P (0O (49
V2t g g g
RS ——— e P > s
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When xg-l, e =0, and P& is given by Equation 34; when xg-mg, e =0,

and 2x is given by Equation 35.
g

Nominal Logistic Model

For the nominal logistic model, the probability of 1%, given 8, is given by

(Q 6+R m (age"'B )
P, () =P =e %q “’g)/ 37 € 8
g g 8=1

> [50]

where oy and Bs are the slope and intercept parameter for the sth response

category.

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

m
2 e (a -as)eage+es
oL _(8) & T
DR - TR S : [51)
39 g gg e(ase + Bs)

s=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),

~ s 2 .
I(6) 53:: (an /96) Hy [52]
g g g

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

For the graded normal ogive model,

93: a 2 2
__a._ﬂ_[,“’g_exg'l] . (53]
ae /2—‘"’
where R, - -[aé(e-bz ¥ ) JZ .
g g
L T S— e
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For the graded logistic ogive model,
9P
B
= * D% - * ~p*
38 i 4 ag[Px (=B J = B8 5 (-8 - 2) [54]
g g g g
where P; = [1+e_l'7a (e-bxg)]_l.
For the nominal logistic model,
(0 O6+B8, ) m, (ag 6 + Bg )
P le ¢ P 9 9" (o -0g)]
xlz S=l i ‘ra [
= S & 55]
i Ty eyt syl
s=1

USE OF THE PROGRAMS

Input

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

1. The Program Parameters, which consist of specifications as to the
number of items in the pool, the options chosen, the scoring key,
and so forth.
2. The Item Pool, which contains the item parameter estimates on as
many as 600 items for LINDSCO and ADADSCO, and 100 items for LINPSCO.
3. The Test Response Data consists of tcstee 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. 1If such a response pattern is found, a
message is printed, 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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Program Parameters
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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 (8Al9).

Card Set 3 (16I5).

Card Set 4 (80I1).

Card Set 5 (80I1).

Card Set 6 (8A10).

Card Set 7 (8Al0).

Card 8 (I5).

Card Set 9 (215).
(Omit if the number
of subscales is 0.)

Card Set 10 (16I5).
(Omit if the number
of subscales is 0.)

The variable format for the item pool is punched
on this card, using I-fields (see Item Pool below).

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.

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.

This card contains the scoring key for the test. In
general, the nth column contains the key for the nth
item, as in Card Set 4. Continue on as many cards
as necessary.

Variable format for reading the subject information
and test response data (see Test Response Data below
for field type specifications).

The description of the run is written on three cards.
The three cards must be included even if they
are blank.

Punch the number of subscales to be scored in
columns 1-5; maximum is 25. 'If no subscales are
to be scored, punch "0" in column 5; in that case,
this is the last card set.

For each scale, punch the following information:

Columns 1-5: Number of items in subscale (maximum
is 60) .

Columns 6-10: Scale number. Repeat for each
subscale beginning on a new card.

Punch in five-column fields the item identificationmn
number of the items in the subscales. Continue on
as many cards as necessary. Repeat for each
subscale, beginning on a new card for each subscale.
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ADADSCO (Card Set 2-5).

Card Set 2 (8Al10).

Card Set 3 (1615),

Card Set 4 (8Al10).

Card Set 5 (8Al0).

LINPSCO (Card Set 2-7).

Card Set 2 (8Al10).

Card Set 3 (80I1).

Card Set 4 (16I5).

Card Set 5 (80I1).

Card Set 6 (8A10).

Card Set 7 (8Al0).

=25

Variable format for item pool, using I-fields.
It must be contained on one card (see Item Pool
below).

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.

Variable input format for reading subject information
and test response data. It must be contained on one
card (see Test Response Data below for field type
specifications).

Description of the run is written on three cards.
These cards are required, even if they are left blank.

Variable format for the item pool. It must be
contained on one card (see Item Pool below for
field type specifications).

Punch in the nth column the number of response
categories minus 1 for the nth item. Continue
on as many cards as necessary.

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.

The information on this card is used to omit
specified items from the computations. To omit
the nth item, punch a "1" in the nth column of
this card; otherwise, punch "0." 1If no items are
to be omitted, punch as many zeros as there are
items in the test. Continue on as many cards as
necessary.

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).

Description of the run is written on three cards.




Item Pool

LINDSCO and ADADSCO. To score the response data, a file containing the
item pool item parameter estimates must be prepared 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 ¢ 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 already be scored (see columns 44-45 for Card Set 1).

The exact format of this information is not critical, since it is read with i
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
(10x,14,3F10.2)
For ADADSCO, a typical format might be
(10x,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 .0 for all
T 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 pool,
the program prints a message; and the unavailable item is treated as an
omitted item.

Editing of item parameter estimates. LINDSCO and ADADSCO have several
options to edit item parameter estimates. If OPT3=1, 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 AMAY; 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" (¢) parameter, the program checks to see if the estimate exceeds
CMAX; if it does, it is set to CMAX. 1If the user wants to edit only one or two
parameters, the 1imits 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 OPT3=2, then in
¥ addition to the editing caused by OPT3=1, the program sets all ¢ parameter
3 estimates to CMAX. If CMAX=0.0, this implies that a two-parameter model is in
effect. If OPT3=3, then in addition to the editing caused by OPT3=1 and
OPT3=2, the program sets all a parameter estimates to AMAX.

LINPSCO. 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. mg-l "difficulty" parameters, where mg is the number of response

categories in the gth item. Since mg 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 identification number is read first, in integer mode;
(2) next, the estimated discrimination parameter is read in floating 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 ]
for 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,F5.2/10X,6F5.2)
In this format the item identification number is read in the T4 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 logistic model, the item information is read in the following
order:

1. A unique item identification number;
T mg "slope'" parameters; and
3

. mg intercept parameters.
r

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
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could be

(14,16X,5F5.2,5X,5F5.2) .
In this format, the item identification number is read in the I4 field; next,
the five slope parameters are read in 5F5.2; and finally, the five intercept

parameters are read in the last set of 5F5.2 fields.

Test Response Data

Data for all testees must be on a file called DATA. The structure of this
file differs slightly for each of the programs. 1In 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., 20I1.

The test data may be raw item responses (i.e., the number of the alternatives
chosen) or scored (i.e., O 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 "1'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. TItem identification numbers of items attempted, and
f 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

S TR s sz
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lines per testee and that these lines contain similar information). 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., 2A10. 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 variable format could be
(2A10,A10,12/2014/514/2511).
In this format, the name, testee identification, and M are read frem the first
card; the item identification numbers are read from the next two cards; and
finally, the item responses are read from the fourth card. Note that for
testees attempting 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 ignores 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 zlternative.

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, the 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 Parameters

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.

Item Parameters

LINDSCO and LINPSCO. The output consists of item identification number,
scoring 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 Messages

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.

Testee Data

LINDSCO. For each testee, the following information is writtenm 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 6;

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 8, 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 9;

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 with’
(X,2A10,A9,12,F5.2,2F7.2,14,2F7.2,14,F7.2) .
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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 0;

5. The response pattern information;

6. The number of items used in the estimation of € excluding items
rejected, omitted, or not found;

7. The number of iterations needed to achieve convergence.

8. The test information associated with the estimated 8;

9. Estimated standard error of measurement.

AVAILABILITY

FORTRAN source code listings of the three programs are in Appendix C
(LINDSCO), Appendix D {ADADSCO), 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 Road

Minneapolis, 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 modificatfons required
may include (1) modification of Al0 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:
Examples of Program 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 installationms.

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
4 10500 10000 25
5 1.000 2.000 25

The DATA file is also shown below. The first field contains the names; the
second, the subject identification; and the third, the response patterns.

Name I.D. Responses
A0O 1 00000
A0l 2 00001
A02 3 00010
A03 4 00011
ACY S 00100
A0S 6 00101
A06 7 00110
AO07 8 00111
AO08 9 01000
AO09 10 01001
Al0 11 01010
All 12 01011
Al2 13 01100
Al13 1y 01101
Aly 15 01110
Al1S 16 01111
Ale 17 10000
AL7 18 10001
Al8 19 10010
Al19 20 10011
A20 21 10100
A21 22 10101
A22 23 10110
A2 24 10111
A24 25 11000
A25 26 11001
A26 a7 11010
A27 28 11011
A28 29 11100
A29 30 11101
A30 31 11110

A3l 32 11111
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E. le 1. This example illustrates the use of the normal ogive model
(OPT4=1) for a five-item test (m=5) with a pool containing five items (INUP=5).
The example also illustrates the use of parameter editing (OPT3=1) in
which BMAX=BMIN=0.0, which in effect sets all b parameter estimates to 0.0.
AMAX=2,00, which means that if there were a- parameter estimates greater than
2, they would be set to 2.00. CMAX=.10, which means that any c 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

S 5 111 0.00 1.00 200 0,00 G«00 10 Huku

(9X,1103F10.3)

1 2 3 4 S
00000
11111

(2A40A2:10X,511)
RUNS BASED ON ALL POSSIBLE RESPONSE VECTORS FOR A FIVE ITEM TEST

1
3 1
2 3 S

The output corresponding to this example is shown on the following

pages.
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LINEAR DICHOTCMUS SCURING WITH THREE pPARAMETER MODELS

; O ERTMENT 6e pLYERB, HRTCRAY
§ UMIVE STTY OF MINIESOTA
MELS. MIN. 554545

1NUP = -
MMAX = )
I0MIT = w44y
CPT1 = -0
B oPT2 = 1
OPT3 = 1
ukTe s h |
TS = 0
1SS = 1.00
AMAX = c.00
vMAX . 0
BMIN = 1}
CYMAX = .10

VARIABLE +FORMAT FOR PUOL=(9Xs11¢3F10,,)
VARIAHLE FCKMAT FUR OATAZ(2A4,A2¢10X,511)
RUNS LASEL ON ALL POSSIBLE Ry 5PONSE veCTORS FOR A FIVE ITEM TEST

1TeEvs Iy SUBSCALL NO= )
4 < S

A B B A A R I IR U B T I I L T I U Y IR R T T

0 lt."...o.‘t.‘o.a.‘.o'....o...'.-‘.0.0.‘.“‘.‘...
& ITEM 1D S KEYS REJECTION, B b ¢
§
3 t § 198 § :18
¢ 3 1 0 1.00 0 «10
3 4 1 0 1.50 0 «10
H 5 1 0 1.00 0 «10
)
; LR A N A I A ST ETR IEE S I  I E E E EE  EE TE  E TE  E U T
¥
b2 < z 5 ,HO A k A
: BLBJECT =408 IR HRg nd° ANSRERS EBRRECT IN I0B&kaSEM-
% SUbJECT =Au2 I0 =3 HAS NO ANSWERS CURRECT IN SUBSCALE 1
i SUBJECT =A13 10 =14 HA5 ALL ANSWERS CORRECT IN SUBSCALE 1
£ SUBJECT =Al15 10 =16 HAS ALL ANSWERS CORRECT IN SUBSCALE 1
1 SUBJECT =Al6 10 =17 HAS NO ANSWERS CORRECT IN SUBSCALE 1
- SUBJECT =A18 10 =19 HAS NO ANSWERS CORRECT IN SUBSCALE 1
SUBJECT =A29 10 =30 HAS ALL ANSWEKS CORRECT IN SUBSCALE 1
SUBJECT =A31 10 =32 HAS ALL ANSWERS CORRECT IN TOTAL SCALE
SUBJE(CT =A31 10 =32 HAS ALL ANSWERS CORRECT IN SUBSCALE 1

CASES READ= 32 CASES NOT CONVERGEp= 0
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Contents of TAPE3:
; 5 .
g 5 ¢
2 g 3
g — - 8 - )
bel S & § § o i
3 S8 @ 3 e P = T &2
- o 9 ~ £ % @ o £ u < ° 3 ¥
o ffh Be 8 4 28 8 1N
& [ o M - -~ 3 ° - o z
¥ § : 4% F = 8 £ 5 &3
2 2 § 5. a8 s ' <£¢ T 3%
v P - o E & @ 2 ES 3 by S
@ o 1] ] ER g @ 8 9 v L] H
H g 2 S R ¢ f 82 ¢ 4 Tk
& ] a Xooaa & 2 &< X 2 aw
T 8 & % % 88 8 3 s %S S &S 3 s S, 4088 st gt T T E S ST S SESES
AVO 1 T 0 =10.00 0 S 0 0 0
A0O 1 1 0 =-10.00 0 S 0 0 0
Aul 2 T 20 <=1.06 1.48 S 1.07 «20 2 82
A0l e 1 33 “.:65 1.51 3 1.36 «30 3 81
A2 3 T <20 =e95 «58 S 1.36 22 S 1.31
AV 3 1 0 =10.00 0 S 0 0 0
AO0d “ T 40 =31 3.35 S 3.40 42 3 55
A3 “ 1 33 =65 1.51 3 1.36 «30 3 81
Al4 S T «20 =1.00 148 5 1.07 «20 2 «82
i AO4 S 1 33 =e65 151 3 1.36 «30 3 81
A0S © T 40 =50 3.08 S 2.84 «35 2 57
A0S o 1 .67 «0S 2033 3 2.23 57 2 «66
Av6 7 T <40 =31 3.35 5 3.40 2 3 «5S
AU6 7 1 33 =.65 1.51 3 1.36 «30 3 81
AO7 8 T «60 07 398 S 3.94 «58 2 50
P Au? 8 1«67 .05 2.33 3 2.23 57 2 +66
AvB 9 T 20 =95 58 S 1.36 22 -] 1.31
A8 9 1«33 =¢30 183 3 1.95 43 3 T4
A0S 10 T 40 =e31 3.35 S 3.40 b2 3 «55
A0S 10 1 .67 <40 2403 3 2.11 71 2 «70
Al0 11 T «40 =.12 3.63 S 3.78 «50 2 «52
AlO 11 1 33 =30 183 3 1.95 43 3 T4
ALl 12 T .60 27 3.71 S 3.88 «67 2 52
All 12 1 6?7 ) 2.03 3 211 71 2 «70
Al2 . 13 T 40 =e31 3.35 5 3.40 4“2 3 55
Al2 13 1 67 40 2403 3 2.11 71 2 70
Al3 14 T .60 «07 3.98 5 3.94 «58 2 S0
Al 16 1 1.00 10,00 0 S 0 0
Al4 15 T <60 27 3.71 5 3.88 67 2 «52
Al4 15 1 <67 40 2.03 3 211 « 71 2 «70
P AlS 1o T .80 TS5 2482 5 2.94 83 2 60
AlS lo 1 1.00 10.00 0 S 0 0 0
Al6 17 T +20 =1.06 1.48 5 1.07 «20 2 82
Al6 17 1 0 =10.00 0 5 0 0 0
AL7 1o T 40 =.50 3.08 S 2.84% «35 2 57
AL? 18 1 33 =.65 1.51 3 1.36 «30 3 81
Al8 19 T o40 =31 3.35 S 3.40 42 3 «55
Al8 19 1 0 -10.00 0 S 0 0 0
E Al9 20 T .60 «07 3.98 5 3494 «58 2 «50
3 Al9 20 1«33 =.65 151 3 1.36 «30 3 «81
A0 21 T 40 =50 3.08 S 2.84 «35 2 57
A0 21 1 33 =-,65 151 3 1.36 «30 3 «81
Acl 22 T 060 =11 394 5 3.79 «S0 2 *S0
A2l 2e 1 .67 «05 2433 3 223 57 2 «66
Ag2 23 T 60 «07 3.98 S 3.94 «58 2 «50
Ag2 23 1 <33 =65 151 3 1.36 «30 3 81
A2d 24 T 80 46 3.82 S 3.62 o T4 2 51
Ac3 24 1 067 «05 2433 3 2.23 57 2 *66
Ach 25 T 40 =31 3.35 S 3.40 42 3 55
Ach 25 1 033 -.30 ll.s 3 1-95 “3 3 « T4
AcS 20 T 60 «07 3.98 5 3.9¢ «58 2 S0
A5 26 1 67 40 2403 3 2.11 o7 2 «70
A26 27 T 60 27 3.7 S 3.88 67 2 «52
Ac6 27 1 33 =30 1.83 3 1.95 43 3 T4
A7 26 T <80 75 282 5 2.94 «83 2 «60
A7 28 1 67 4o 2403 3 2.11 71 2 «70
A28 29 T 60 <07 3.98 5 3.94 «58 2 *S0
A28 29 1 67 40 2403 3 2.11 71 2 «70
A9 30 T «80 46 3.82 5 3.62 T4 2 «S1
A9 30 1 1.00 10.00 0 S 0 0 0
A30 31 T <80 ) 2482 5 2.94 «83 2 «60
A30 31 1 67 4o 2+03 3 2.11 71 2 «70
AL 3 T 1.00 10.00 0 S 0 0 0
A3l 3e 1 1.00 10.00 0 S 0 0 0

.“I T R “x - . -
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normal ogive.

Example 2.

Testee Name

$ % 4 8 % 08 e
AVO
Au0
Aul
Aul
Av2
Av2
AVl
Avd
Aus
Avd
AUS
AUS
Avb
Ave
Av7
Av7
AU8
Au8
AU9
AV9
ALL
ALO
ALl
Ail
Alc
Al2
Al
ALS
ALb
ALs
AlS
ALS
Ale
Alb
AL7
AL7
ALB
ALB
AL9
AL9
AcO
AcO
Ac)
Acl
A¢2
Ac2
Ac3
Acd
Ach
Ach
AcS
AcS
Achb
Acb
Ac?
A‘1
AcB

Ac9
Ac9
AS0
A30
A3l
ASl

Testee lIdentification

Number

L N L B B O B T B I B O

N LCGCNNC CUU$SGUNAN» -

Subscale:

T=Total;
1=Scale 1

Proportion correct

0

0
20
33
«20
0
40
33
20
«33
<40
007
40
*33
00
67
«20
*33
«40
0?7
40
33
«00
7
40
o7
60
1.00
000
007
0
1.00
«20

40

L L e e B e e e L e i L e e e B e e B e e L KRS [ Y S N DD SR Y
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Bayesian estimate of ©

=-1.23
=1.04
=80
=eSh
-.83
=1.04
=34
=55
-, 89
=55
=51
002
=e37
=59
oll
02
-.Ta
=e30
=.dy
23
=.2h
=30
20
23
-aly
022
=02
«98
«19
22
«69
<9
=e8c
=1.04
=90
-5y
=3
=1.0¢
.ul
=eHYH
31V
=55
-.17
002
-.01
=e5%
39
«02
=37
“: 30
=.02
23
17
=eJ0
61
.23
=03
.22
34
96
«59
22
1.20
94

Bayesian Posterior Variance

«31
39
«35
b
«38
«39
o4l
b
«30
okl
«32
L]
«33
4l
35
4
28
«39
«30
43
«30
«39
«33
43
27
42
«28
«50
«30
b2
«33
«50
25
«39
«26
L)
27
«39
29
44
24
o4l
25
44
26
bl
27
44
24
«39
25
u3
27
«39
«30
o
24
2
«26
+50
«32
“2
«37
«50

Number of Items

GUOUURU UGV LUOLULUOUUV WO TGO U VGO UWOUUNUOC WU ULV WU G NG W G VNGOG W O GO WY U O

Test Information
Associated with 8

* ®

71

«69
1.58
1.55
1.73

«69
3.33
1.5%
1.56
1.54
2.83
222
3.22
1.54
3.95
2.22
1.92
1.87
3.14
2.22
3.53
1.87
3.93
2.22
3.15
2.22
3.89
1.35
3.93
2.22
3.10
1.35
1.76

«69
2.84
1.55
3.19
«69
3.91
1.55
2.84
1.54
3.69
2.22
3.90
1.54
3.73
2.22
3.23
1.87
3.89
2.22
3.94
1.87
3.29
2.22
3.88
2.22
3.80
1.35
3.33
2.22
1.72
1.35

Expected Proportion Correct

LB B B I B

17
21
24
34
«25
21
bl
34
23
«33
«35
«56
«40
«33
«60
«56
«26
o4l
.38
«65
L)
4l
64
«65
«38
64
54
«88
«63
«64%
.81
«88
«25
21
«35
36
«39
21
«55
34
«35
«33
48
«56
«55
«33
71
«56
«40
4l
-1
«65
62
il
«79
«65
3-1]
64
«69
«88
78
«64
92
«88

CO OO0 00O e OO O CO0ODROOODO 00O CODOOO0COCOD0OOO0RO00COCCOCOOCCCOODPOOOCOCC

This example is identical to Example 1 except that the
Bayesian scoring routine was used (OPT4=3) instead of the maximum 1likelihood
Only the scoring results are shown.
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Example 3. This example illustrates the use of the maximum likelihood
logistic scoring routine (e.g., OPT4=2) without subscale scoring. Only the
scoring results are shown.

o
§
[V
«@ -
3
[eo] £ 7]
+~ ©
U o Q
= © - 3 =
v (7] o o & [
Ee] & Rl Q (9] o)
E o o [
) E ] m v -
Z — o E o Lo o
s o Q ~
c [} ] (o] o (&) » [
[*] — (o5 Y 7] =
o e @ ] %) e =]
o - Q o B} - < (<) 2 o
< o @ 13 o] o i ~
Q o O (] o e =] & o L]
ot o 3 - £ I 2} o - i o
e [ ~ o (1] E o o c
o won o) — o ) o a () ]
o o U o o o [} 4+ o
) o ~ © — E o e )
s 3 g8 £ T o 3 e
v o
z - ) i ) o [P Le] (o] o
— e} E 0 -] ] o
¢ v © v 3 = ~ - o -
v ] Q ) g <) ) 3] s g
o o 0 a. o a £ o ] £ b=l
3 o 5 2 5 o £ o % 5 -
0
= ] N -9 5 [ z > (4 z w
*

-

X X & ¥ %2 ¥ % ¥ 3 % & ¥ %5 ¥ ¥ , 4, ¥ % %X %x ¥ £ ¥ X % ¥ % &£ £ ¢ ¥ ¥

AU0 1 T 0 =-10,00 5 0
Aul < T «20 =1.0: 1.20 S «90 «20 2 «91
Av2 3 T 20 =99,99 =99.99 S5 =99.99 =9Y9.99 99 «99.99
AU 4 T 40 =029 359 5 3.68 42 3 «53
AUl B T 20 =1.0% 1.20 ) «90 «20 2l 91
AUS [ T 40 =lbo 332 5 2.95 «35 1 55
Au6 7 T 40 -e29 359 5 3.68 42 3 53
Au7 o T 0 «07 449 S 4.46 «58 2 47
AuB 9 T 20 =99,99 =99.99 5 =99,99 =93,99 Q99 =g9.9?
AU9 1v T 40 =.29 359 5 3.68 42 3 +53
ALOD 11 T 40 -,11 401 5} 4.26 «50 2 ¢S50
ALl lc T «60 25 4e22 5 4.26 «66 2 49
AL2 15 T 40 =e2Y 3459 5 J.68 42 3 «53
ALl 14 T 60 07 4el49 S 4.46 «58 2 47
ALY 15 T «00 25 4e22 5 - W4.26 «66 2 49
; ALS lo T «80 71 2478 § 2,72 83 2 «60 §
R Asb 17 T «20 =1.05 1.20 5 «90 «20 2 «91
AL7 lo T 40 LY 1%} 332 5 295 35 1 «55
A.8 19 T 40 =29 359 S 3.68 42 3 53
AL9 20 T <60 «07 4e49 5 4.46 «58 2 47
AcO 21 T 40 =l 3e32 S 295 «35 1 *55
Acl 2¢ T +60 =10 4453 1) 4.28 +«50 2 7
i Ac2 23 T 060 «07 4e49 S 4.46 «58 2 47
; Acd 24 T 40 4s 370 ) 3.70 T4 2 52
| AcH 29 T 40 e 359 S 3.68 42 3 53
AcS 20 T <60 07 449 5 4.46 «58 2 47
Acb 27 T «60 ohH 4e22 5 4.26 «66 2 <49
Ac? 20 T 0 «71 274 5 2.72 «83 2 «60
A‘e 2Y T 000 N7 4el49 5 4.46 «56 2 47
A9 30 T 840 L 370 S 3.70 o 74 2 52
A0 31 T o0 71 2«74 5 2.72 «83 ] «60
Aol 3 T 1.00 10.00 0 5 0 0 0
i ot oot L 1 o Y et v
/
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ADADSCO
5 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
4 1.75 =0.,50 25 1
L 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 subjects used in the example are shown below:

/
S ——

018101180
12345 |
1019 3
24 68
3 € 5

11111

12345
4 0 5

00000

6 7 8 910
5 € 8
11000000
123557809
6 F 2
10

37

6 7 8 910

7 6
011111
1246809
8 H 9
101010101
123485789
9 1 7
1100110
13456 810
10 J 3
110
489

6




L0

11 K 8
10110110
234678 910
12 L 9
101111111
123457 8910
13 M )
01001

13579
14 N 6
000001

4 567809

15 P 7
1011110
1245678
16 @ 6
011011

2 4 57 810

The program control cards for this example were

10 10 1012 0.00 1,00 2.00 0,00 000 .10 1 3
(8Xs12¢3F10.2712)

0
(A2,1X02A20129/1011+/71012)
DESCRIPTION

In this example the maximum number of items attempted by anyone was
10 (MMAX=10). 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. OPTl1=1 means that item information for the first 10
subjects will be printed. Editing of item parameters was requested (OPT3=1).
The scoring algorithm was maximum likelihood logistic.

The entire output for this example is shown on the following pages.
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ADAPTIVE LICHOTOMUS SCORI G #ITH THREE PARAMETER MODELS

A AR AN S e

BE¥§H¥§EE§‘8;”5;7333LT§96RAu

¢ UIVLIISTTY OF MINESO |
3 MPLSe MINNe 5545% |
g |
g |
¥ INP = 10 {9
i MMAX = 10 i
! 10MIT = 3 |
IFLAG = 1 |
uPTL = 1 i
; wPT2 = 0
3 % OPT3 = 1
: WPT4 = 2
i s = 0
g TSS = 1.00
E AMAX = <00
5 UMAX = 0
oMIN = 0
CMAX = .10
; VARIAGLE FORMAT FQR PUOL=(8X,1293F10,2¢12) {
g VARIAgLE FORMAT FOR DATA=(A2,1Xe2A2¢12¢/1011,/1012) !
£ VESCKIPTIUN
:
&k
§ = !
~ ~ |
‘ 2 5 =
| g g 3 9
| e ! H - !
k o ~ ) o i
; : : e |
¥ b ~ § L] s
¥ % 13 z S &
s o E © > s
§ 42 g z w
{ 2 g L 3 o
N Q %}
§ g oo b - H
i S 2 3 - 3
3 — n = a ‘S é’
1§ 1
: kil 1.80 0 ‘10
H 2.0 1.25 0 10 !
¥ 3 1 1.50 0 10
£ 4 1 1.75 0 10
v S 1 1.00 0 «10
6 0 1.25 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 [}
2 1 1.25 (1} 10
4 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 1 125 0 10
3 1 150 0 .10
“ 1 1.7% 0 «10
5 1 1.00 0 10
.squECt 8 10= 3 HAS ALL ANSWERS RIGHT
6 0 1.25 0 *10
7 0 1.50 0 *10
8 0 175 0 «10
9 0 1.00 0 «10
10 0 1.25 0 10




=44~
b>UB-‘£C' 2 L= & HAS NO RIGHT ANSWERS
1 1 1.00 0 «10
2 1 1.2% 0 10
3 0 1.50 0 10
S 0 1.00 0 «10
6 0 125 0 10
7 0 150 0 «10.
8 0 1.75 0 o0
9 0 1.00 0 "e10
© F
3 1 1.50 0 10
? 0 150 0 «10
7 o
1 0 1.00 0 10
e 1 1.25 0 10
4 1 1.75 0 *ell
6 1 1.25 0 «10
8 1 Ae75 0 «10
9 1 1.00 0 10
& ]
1 1 1.00 0 10
2 0 1.25 0 10
3 1 Le50 0 «10
L} 0 175 0 «10
S 1 1.00 0 elu
] 0 be25 0 o1y
v 3 1.50 0 oln
8 0 be75 0 «)0
9 1 1«00 0 «10
9 i
1 1 1.00 0 olu
3 1 Je%0 0 o1y
L 0 be75 0 «)0
S 0 Ae0U 0 o1l
6 1 be25 [ .10
] 1 175 0 «10
40 0 le25 0 10
1v J
o 1 175 0 «10
8 1 1.7% 0 ol0
9 0

1.00 «10
VASES  READ= 16 CASES NOT CONVLRGED= c

-~
7}
¢
-~
g &
) @ 1
o s ° - § & p i
; i 1 a s 2 2 3
B = 2 w @ € - - = s
b 5 e S § & : 8 €@
= v © S o
¥ g s 8y &1 % B E ¥ E
< o < - - - o v - - .
” - 2 s 43 Y48 g 3D
() @ M - E 2 c 2 - - - - I '~
$ S P 33 §: 3 4l § & 3B
@ " g e % ew € v 2 ¢ € s E
& &= a s8 &= z - < w 2 o
$ ® ¢ % % & % & % 2 8 & % & % ¢ % s st 4% 0 ¢ et SRt et S
A 1 «70 34 9,65 10 9.65 71 3 32
8 2 «50 -e22 S.06 LY 466 W3 2 N1}
C 3 1.00 10.00 0 S 0 0 0 0
o} 4 0 =10.00 0 S 0 1] 0 0
E 5 25 =78 3.15 8 2469 20 1 «56
F 6 S0 -.09 2.57 2 257 «50 2 2
6 7 «83 «79 3.13 6 J.12 «87 2 57
H 8 +«56 ~+09 Q,85 9 9.55 «S0 2 32
1 9 57 «05 8,03 7 8.03 «58 4 «35
J 1v «67 “3 3.18 3 3.20 «77 2 56
K 11 «63 13 9,62 8 9.62 62 2 32
L ic «89 «89 4,02 9 &.02 «89 3 «50
M 13 40 -e29 3.59 S 3.68 g 3 53
N 14 17 =1.08 1.40 6 «85 18 2 «84
P 15 71 25 7.55 7 T+52 «68 e 36
Q lo 67 23 7.03 6 7.03 67 2 «38
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LINPSCO

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

Graded models. The IPOOL file for these examples was

P Be ] 3.U 20U .JQC‘
ied 2.0 loU

4
3
aed 1.0 Oy 1
0
1
3

5

U ‘.5

b Uon
4e0 00 =1.¢ & =S
a0 =1e0 =gey =1.%

1eH =2l =5y =

-“'ﬂ
U =4¢%

CL £

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 specified by the item
difficulty parameters in IPOOL.

1 Judell
2 S B ¢
3 deleild
4 112121
S 1412253
o 2«12!—22
7 1e2eccl
6 Sl ed
9. 111043
iU 1ilee?
11 Jdodaed
12 T ) 1
13 ceadil
14 211111

The following is an example of the logistic graded model (OPT4=1) with a
1.7 scaling factor. 1In 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

(3] (/L’Jl ! |07U “
‘Il'l('i'éol'?_(lx":"‘al))
el
1 2 k) 4 S 6
VIV IUN]

(2n7vAlroll) 2 ;
CXniPLE RJi OF THZ LOGISTIC GRADED MODEL==USES THE FIRST PAIR OF B
PAAVETZR, FROv ITEM POuL




o
The output from this run was as follows:

LINesCO

LINEAR POLYCHOTOMUS SCORING WwITH TWO PARAMETER MODELS

POXFHOMETBISE MET.0S, ERocRAK

UNIVERSIYY OF MXNN SOTA
MPLS. MINNe 55455

INUP
MMAX
10MI [
uPT1
oPT2
uPTy
MAXCA(

NN = =0 £ oo

1.
vARInuLE FORMAT FOR POOL =(I1e1XeF3egs2(i1XeFuel))

VARIABLE FORMAT FOR DATA =(2a7¢A1,611)

cXAMPLE RUld UF THE LOGISTIC SRADED MODEL=--USES THE FIRST PAIR OF B
PARAMCTCRS FROM ITEM POOL

1)EM ID = 1 REJECTION

= 0
A: 1.50
: 3.00 2.00
lui? 10 f.bo 2 REJECTION = 0
2.00 1.00
i - R (o N = 0
lni? 10 1.50 3 EJECT IO
1.00 0
1 = 4 R N =
1iM 10 1.50 EJECT1O0 0
*H 0 =-1.00
IIE? 1D f.so S5 REJECTION = 0
H '1000 -2000
iEM 2 REJLC N= 0
1 . 10 1.50 6 EJLCTIO
B: ~2.00 =3.00

CASES READ = 14 CASES NOT CONVERGEN = 0
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b
e g
T g
9 Q
O [«n] <D ~
(&) =]
~ @ Q L 7]
» w ‘é o P
g), o = o~ = -
=] [} o Ee] o Yy
(=] pv} ol ()] (] o
(=} a & s3] I
8 ol E [o] "‘3 s
4 Pe) o (3} -
=} (] o [} Lo
° : m w o ) ) (5]
-~ « = Y] 1=} (2]
o) 0 o (=] n o < o
© (] (=] - o4 -
3 /! (<) E P =3 «
o~ - <= 12} 1] (o] e}
('™ o~ (] g ~ o o
e w“ - o 3] 3] Y o
o =) [ ) ) ) « o
= ~ [ — — E wn
Q [~ i ~
L=l Q | (e Uy [} ©
i o Q o o} U Q
: E ?:’ - - bE -1
o o 13) ) 3] g
) =3 o~ =¥ 0 o) < o
3 2 g ¢« 2 3 3 G
EEO, P~ § g -4 z B~ =
L o;) =-¢50 4,72 6 2 425 46
= eV} '50 4,72 6 2 q025 4o
) o33 « 35 3.69 6 3 4.28 eHe
- O/ led2 2.63 5} K] 4e1l 02
) e 33 red - 4,21 6 é Teled «H9
J J =+J0 5016 6 c eyl oy
/ «JO *D1 4,08 6 2 Y4e25 45
v V) -eH] 4.8 %) 2 e 45
) «HY -+00 «96 6 3 Geyl 1.02
lu «DU 92 2.65 Q 2 “025 «61l
& U =151 4.86 6 2 4e11 U5
le D0 =00 4,20 6 3 Beyl 49
1o Dy le0o1 4.86 o 2l 4e11l 45
le B3 209 el 6 2 267 57

Following is an example of use of tlie 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

(%) el 2 4
(T1o1X0F3eleilneFlelrixoFliel)
clez2ad
1 2 k) “+ 5 6
Lo0Luno

(2A7+AlvoIl)
LXAUPLL Ruit OF THE NORMAL OGIVE GRADED MODEL=-USES SECOND PAIR OF B
PAAMETERS FROw ITEM POOL

e . R —— e ——
R — 2 o5 -
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Output was as follows:

LINEAR POLYCHOTOMUS SCORING wITH TWO PARAMETER MODELS

BRXSHOMETRIE METURB3oEgoc=am

UNIVERSITY OF MINWESOTA
MPLSe MINN. 55455

AR

{OMIT
OPT1
oPT2
OPTY
MAXCAT
VARIABLE FORMAT FOR POOL =(T1e1XeF3egelliXeF4 Lo1XeFu 1)

VARIABLE FORMAT FOR ULATA=(2A7,Alr611)

EXAMPLE RUN OF THE NORMAL OGIVE GRADED MODEL-=USES SECOND PAIR OF B

PARAMETERS FROM ITEM POOL

wuannunn
0N O &0

11EM 1D = 1 REJECTION

= 0
s 1.50
¢ 4,50 3.00
Il;? 10 §.50 P REJLCTION = 0
B: 3.00 1.50
I1EM = REJECTION = O
i: 10 1.50 3 eCTI
B3 1.50 0
ITeM = REJECTION = 0
f: 10 i.%0 4 EJECT]
B 0 =1.50
1iEM = ; REJECTION = 0
s: 1D 1.50 5 EJECT10
B: =1.50 =3.00
11EM 1D = REJECTION = 0O
E: r 1.50 o oo
B =3,00 =450
CHSES READ = 14 CASES NOT CONVERGEN = 0
B . PR T— B
.... "', ."'.
SRS SRR
Bl T T ey R 0 R




Nominal logistic model.

4 Y - 75 2.97 6 2 336 «58
« B0 - e 7% 2.97 6 2 336 «58
- O = Uy B.00 6 & 3eyy2 «35
L, l;.'-/ 1'85 p,.()5 [S) 2 3039 035
) 30 -.00 11.98 6 2 - 3ey2 «29
3 ) -«U0 11.58 6 2 Jeke 29
/ 95 4 109 Q.50 6 2 3.39 «32
o g Twlelig BE0 6. 2. 330 e32
P) «50 -.00 12.89 6 1 Jeul 28
10 e HY 075 12.29 o 2 34306 «29
1. U =225 5.18 6 2 3¢35 4y
le <DL -eJf 3.19 3 2 Jey2 «So
) [ « 0 2025 r’ol* 6 2 3'55 4y
1+ e 33 S92 2505 L l 225 «70

logistic model (OPT4=3). The DATA file was

10u01
10u0e
10003
10005
10004
10v05
10v04
10uv08
10009
10vl0
10ull
10vle
- 10uld
10uldS
loul4
10vldb
l10uly
10uls
10U1Y
10vao

58 9Y4b454134111.2246422111<11141111413121211111131111
3810068345411 144134106136411646111114%211111641914111424111
38 9400054241411c1114412141211141311441111114111124)
3810424504242224444242111U244242]12204212121212222241
38 9Y5434L4141644404141044004L614]1114441111411061411044411
5810%528561116441512145511211221111311111555555555551
081005644544351111151411114411151:114116433112111141211
38 Yv33494232455143233143524155555555555555555555555
3810934444 42124 ,522321344 3 2u2 14 12422]1114321222554
581051500444444111644451116111164114141111111111144141
581052945431 1113121511641113 333112011111 1021212111112
3810086926423231034333114222251313251122144511242151
I8100404444140444 4411140140401 114414114041114241511111
38 9U2645541445121325444114)11111111121241 134411112141
3810998354211241 142144144441 11214121141114111154411
381001295421 1141112441011164211211320211110121231111141
3810095255244 132113142111425121111114111741111131451
S810524844114411141324111414114244431441114114115141
38100282544 14411.1442411124L053113442411241121311114114

251041163000000010100111500004]10]1%4401411101041004404

Following is an example of use of the nominal
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447 y.00LLO00 0V.U0004C .0.000000 0.0C0Q00
IPOOL was 0.0UL000 UesU000UD 0.900000 0+00VU00
3242 LBTULIEY U1655.9 =1.212113 0.17640%
VeB4,205 Ue2668Bc1 =2.110A17 1.000591
2201 1.032257 U.007Hol =1.157598 0.110520
UeI0LTTL =Ua711543 =1.432918 1.25768Y
2204  Ue87u227 Ueal370h =1.1367¢3 -0.059209 ‘
Veblu097 =0eiB33196 =1.4934355 1.i00532
QU2 UeBUUIDD =UeUDOBLY =0+930221 0143745
Ve94 /914 =0e510503 =1.591948 1154556
44l Ue99/0k4 =UUSTUG =1.040348 0.100360
Ued20949 =uedll7 4 =0.842978 1.130754
24cl  Ue900E3T  Vedb2Uuy =1.315750 =0.0492065
10329394 Uel96b0ub =2.2B9410 0+708330
2277 0e93.577 Uei25247 =1.013713 =0.047610
Le79498Y =U27T907 =1.882%8 0.405916
U8 LecbiH12 UelbHY9,7 =1.188%8 =0.c44402
UeT72u90U =0en030ec =1.64% 505 12372067
2200  Ued0LTB2 V23657 =0.675047 0.032334
=0eluhU35 =00B1UL0 =GeTL20S58 0.90HTHY
2042 Ue9luB0L =ue0B7 140 =04507603 =0020027
VellBULLHY =UelALULG =1.133896 0e0lb5221
2040 yoU0UNOU  Le0VOOLU  0.000000 0.0VVYOL
“ueQULOGU  UwedL0UGD  04004NGD  Gew0UQ0U
S4uS  Le2100UY =Uel60HLH =1.049775 =0e00H201
Ve TUU1QY =UslT7230n =142717%01 1.040191
2243 UeP4iS47 Uel20504 =1.210924 Q06154792
1e0101048 =Uec271lul =2.400601 1.01453¢
9eu? 16190701 Ued934l =1.092915 N.234903
ced20618 =Jec27lus =3+3020494 1.207041
Q079 Le30e173 =UeldB215 =1.203293 =0.029965
10750215 =Ueublduo =2.059020 0e908270 i
2UU2  Lelouli29 =Ueu0970c =1.500204 04349200 }
UelZ/094 =Ue306044 =1.630305 1987376 :
2009  1e239110 =Ueu75n_is =NeI34H79 =(e2233120
10111208 Uel121cd =1.527765 04043069
32/Y9  Le0cull9 U0Q341o1 =0.950948 =0.1006622
VedHLAIH =UecBTULL =1.287366 NeY3145n
3202 1000121 =UeULBLLL =1+228285 =0+303304
ce091420 =UeuI3bul =2.469919 (0e.460094
22¢0 L e59.08D =U.U82953 =1.013701 =9¢334310
LeOBL738 =UeUB8790 =1.734153 0139205
S2u8  1e02cu27 Ue1h304h =1.080231 =0e1598404
1574805 =Uewld3lul =1.650987 04525223
G4V Ue994TGLl =UeUDTTUT =1062704 Ne4i35020
LeUlcln7 =0e057304 =141452058 0750620
G400 [e2803c9  UauT850% =1.435152 Ne11%27)
e dON2S =UeuSYTLU =2.0382U2 10133657
JU0Ub  Lel2ildt2 UelBliud =0.902735 =0e343020
100cU36U =Uelt220z =1e032030 0.274508
22T Le35C141 JeclB133 =1.205470 =0+360304
ce26.497 =Ue343707 =2.311491 0309761
w02  ye00.197 Ueu02108 =0e612200 06007000
Ve Tun07 =Jes727+¢ =1.0240H9 0525197 .
0l CoU%C249  Ue093202 =1.090)27 =0e757373
2eTUCHGL  Ueal2907 =3.7870103 «=0DeUS443n
el  1e37 8ol ver3189s =1.134025 =0e357013¢
Codeoblo  JeeS1T/C =24499705 0994757
U7 LeDUUL3Y  Uecbnlbuo =2.081177 04249600
coU%c91U  UeU13Ly =3.331305 1ecvilonl
V246 Le967042 =UUUTIe5 =14206770 =0.20797
20290293 UVeUl134y =2.044336 0ei204Y93
WU/L 1280900 Ued2700]1 =Ne889192 =0+02379%
9e015197 =Ued47554 =2.181694 =0¢339909
2245 L4059 257 =UeuhUL I =0.6H693Y5 =N. 29562
1602671 =VUesUdL =1.¢BB30Y =p.053315
JUob  sel50lt? Vecodlul =1.020007 «00102162
Lo 774329 =0e048Y%0y =2:927377  1elu454e,
J2ch  Lell 3c3 =UaULITun =N.B237243 =0.292120 ; .
Led79103 =Ue303037 =1.05734% 0eUuBLl800
9299 46330099 JeUIDS 0 =1.773168 0e4U0TL3
Ced9 100 =UeilHDU) =3H84009  1e5uH280
e LedbLl7b =UeUT3040 =Ned23n43 «0e%39715
€ed300Y8 =Us231430 =1.535242 =0+371590
2296 L 20eUpl =0e137700 =0.92644c7 04120295
Le 774003 =Usc¥2bcu =1.844767 0.31532°7
20eB 1060538 =ueldll2i2 =0.8602H0 =0«00Y0%C
Le030196 =UdU439, =1.28cHuB  Qed3I307
w0el  1e32c0H4  UecB73al =14959475 0240501
L000597cH  LeLBOYLY =3.220217 04994529
QU/T  Le00ubYU =UeUT42u1 =1.20U0LE =0e2b8341
2e071034 =0e0l15201 =243306:19 04900540
20€9  Le091561 0eLLSILT =141%85.6 0+3llbls
L1e31UELY =LeuTBYH/7 =1:585505 1eudIu5¢
J0/8 14091240 0eU2940 =1:359014 «0e4t0943
20029455 =ULIIL/U =3+131603 0099444
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Input control cards were

43 22300 3 S
(1404 C1X0F946) s/ r4Xe4(14¢F9.6))
9333333333333333333333333333333333333333333
3417 3251 3422 3421 3277 3408 3010 3405 3213 3079 3002 3220 3404 3430 3021 3221
3076 3236 3029 3078 3239 3023
1000001000000000000000
(2A7¢A1°4311)
EXAMPLE RUN OF THE NOMINAL LOGISTIC MODEL

And the output from this run was

LINPSCO

LINEAR POLYCHOTOMUS SCORING WITH TWO PARAMETER MODELS

PSYCHOMETRICS METHODS PROGRAM
DEPSHIMENS ISR METERBE058°
UNIVERSITY OF MINWESOTA

MPLSe. MINN. 55455

INUP = 43
MMAX = 22
§ IOMI| = S
i OPT1 = 0
{ OPT2 = 0
uPTu = 3
MAXCAT = 3

VARIABLE FORMAT FOR POOL =(I4e4(1XeF9.6) e/ eluxot4(1XeF9.6))

: . VARIAGLE FORMAT FOUR DATA=(2A7,A104311)
i EXAMPLE RUN OF THz NOMINAL LOGISTIC MODEL

T T rare




T o T ™ T —
~52-
H { R N =
lli? 1D 0 '] ° EJEC'IO o 1
°H 0 0 0 0
LiEM 1D = 3221 REJECTION = O
Al 1.04 «01 =l.10 11
H «91 =71 =1.43 1.24

MO e T
H 9 =e31 -1, le

DEh 1D = gitel, g fEgsETIONS 0
B: 1.32 20 =2.29 77

ITEM ID = 32,7 REJLCTION = 0
Al «94 13 =1.01 =405
: 1.75 =428 =1.88 bl
hgm = 4y REJLCTION = 0
i: 5 1-2; b-17 -l%l& '£.2M
: e72 =450 =1.40 1,24
= R N =
115? 10 o [} o LJ&C'IO 0 1
3 0 0 0 0
LIEM 1D = 34ub REJECrjon = 0
: 1.22 =416 =1.99 =,01
: «TQ =447 =1.27 1404

ILica 10 = 32 R cr = 0
RE 103 g o JECUEN,
Y 1eb2 =423 =244l 1401

Likm 1D = 3u79 ReJeCTIO0W = 0
A 1.38 =414 =1.20 =.04
H 1.75 =466 =2.00 97
IieM [0 = 30u¢ REJLCTION = 0
'Y 1.16 =.01 =1.50 35
H 16 =51 =l.04 1499
Lt 12 ¢ 8230 5o JPEBCTINY S 0
$ 1.6 =.09 =1,73 14
LiEM = 34uy R CTION = 0
B 10 = o3 or-wRouEcT I,
He 1.02 =.G6 =141Y «79
LIEM [D = 34.u RLJECTION = O
Ad 1.24 «08 =1.44 el

RS 2:36 =.80 =2.64 1.13

1 = 30 R = 0
TRY 10 5,090, 30 -TEN5CTLOY,
B 3071 13 =3.79 =05
1EM 10 = 32 REJLCTION = 0
Y 10,385t 15 REFECTIN,
Bi  2.12 .28 =2.50 .09
TIEM 10 = 3u/e REJLCTON = 0
A 1629 423 =u8Y =e62

3H 3.02 ~.45 =2.18 =.39

REJECTION = 0

1iEM = 32
e U Tl %0 DEINTIOY,
B: 177 «.24 =1.04 31
g 1iEM 2 (V] R =
i % ,68 T R L | e i
i CH 1031 =i¢38 =1.59 1465
1(EM IC = 3078 REJLCTION = 0
Al 1.69 «13 =130 =Jb0

[{H 3-63 -«59 -3015 «10

TIGY 10 § 33299 4, _fLgbCTION, =
B: 2639 =.11 =3.% 1.31

TIEY 10 §.43%3,97 BEgHCTION® O
B: 2:24 =33 =1.56 =,37

CASES REAU = 20 CASES NOT CONVERGEN = 0




Testee Identification

e ™ e e

& 9y48y
6103834
& 940u0
8104245
8 99543
8104528
8105544
8 99354
8105344
8105150
8105294
68103849
8105404
8 95245
8105963
8105129
8105952
£105248
8105282
5104114

WU FRCRQUOUOFRN OO FOUUOFOUOWT

Proportion of "Best" Responses

47
95
olb
b
«56
40
«70
U7
«55
40
30

-53~

Maximum Likelihood Estimate of 6

Response Pattern Information

Number of Items Used to Estimate 6

Number of Iterations

GOUOLULUNWULLWLUNDNDGUNODPLOND G

Test Information Associated with 8

9.12
621
760
12.11
11.44
711
Se16
9.55
11.89
9.00
«59
10.85
9.59
797
11.24
614
1009
8.39
11.18
10.95

Estimated Standard Error of Measurement

33
40
«35
*29
«30
37
4y
«32
29
33
1.30
«30
32
35
30
40
31
«35
«30
«30

'S

AL it B




APPENDIX C
LINDSCO FORTRAN PROGRAM LISTING

PROGVAM LINDSCO (INPUT,O0UTPUT,DATA,IPOOL, TAPEL1=DATA,TAPE2=1200L,TE
1PE34PUNCH)

NIMENSION ITEM(600), A(600), B(600), C(600), INAD(3IC), KEY(3GO0),
1IREJ(300), IFORM(B), IRAN(300), INADS(300), IRESP(330), ISADIFD,25
2)y ADM(300), BDM(300), COM(300), ISADS(300), DESC(24), NAME(C.), IF
SOPM1(8), NISS(25,2)

INTEGER OPT1,0PT2,0PT3,0PT4

REAL ITOT

N=NC=)
[ E R R R R R RS R R R R R PR R AR R RS R RS RSS2 RS RSS R RS RS R R SR SRR R RN R X 2 2
» -
*2-4D OPTIONS AND PROGRAM PARAMETER FROM INPUT FILE DATA IS oM TAPEZ  ®
L 3 L2
IR R R R YRR SRS S SS RIS SR RS EESRS RS RS RIS ERRE R R R R R RS R R R R R X ¥ 2

1PuOL=2

Rt AD 50y INUPsMyOPT1,0PT2,0PT340P T4y TSy TSSy AMAK,BMLN,BUAX,CHAX, [OM

LI

“READ 53, (IFORMLI(I),I=1,%)

?ZAD (IPOOL,IFORM1) (ITEM(I)oACI)oB(I)sC(I)yI=1,INUP)
e et R T R I T R L e e R T

»
v
®STLRT ~=ADING THE SPECIFIC DATA (SPECIFIC FOR THE RUN) F<OGM THS 12UV
#THIN [5 THE ITEM IDe@S ADMINISTERED
120 IS THr REJECTED 1¥:ZM ID S
*KcYv IS THt KEY FOP TH- ITEMS IN INAD
®NSIC 1S TH: NUMSBER OF SJUBSCALES THAT WILL BE GIVEN TO THT ©20GrAM
#NISS WILL HAVE THE ®*UMBZR OF ITeMS IN EACH SUBSCALE TOGETHT? WITH THF
*yut OF THt SUBSCALES
#1C20 IS TH: I1-M ID S IN EAC™ SUASCALE
»
L
L Y Y Ty Y Y R Y YY)
2EAN 514 (INAD(I)oI=1,M)

“t 80 524 (IREJUI)yI=1,M)

CTAD 524 (KEY(IDe1=1,M)

READ 53, (IFOPM(I),I=1,R)

2EAD 5%, DESC

Y2INT 69

PIAINT S4y INUP MeIOMIT,0PT1,0PT2,0PT3,0PT by TSeTSC,AULY, IMAX,EMIN,

IMAX,1FORM1, IFCRM,DZSC

LI IR B BNE IR DR REE BN B I B I

c THOSE ITEM ID S THAT ARt IV IkiJ ARE SET TO ZERQ (:R0 ITzv IN ¢
c WiLL BE SKIPPED DURING THE COMPYTATIONS

GO 1 I=14M

IF (IPEJ(I).EQ.1) INAD(IN=0
c PEAD SUBSCALES

RTAJ 48, NSSC

IF (MSSC.EQ.0) GU TO 5

mCAD 564 (NISS(I42) ¢NISS(I42)4I=14NSSC)
[ “EAD SSC TINDEX

J0 ¢ JJ=1,60

D0 2 II=1,425
2 ISADUJISITI=0

39 3 I=14NSSC

NMI=NLISS(Il1)

SEAD S51s (ISAD(JeI) «J=1,NI)
3 CONTINUE

00 & II=1,NSSC

NI=NISS(II,1)

PRINT 58,y II1,(ISADIJJWIID)sJI=14NI)

“ CONTINUE
ORINI &9
> CONTINUE

1¥ (0PT2.512.1) GO 7O 9

I R R R R R R L R R R R R A L R S A A A R
- -

D DBDNINE WV
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» & 67
®IN THE N X1 DU LOOP TH: TTiM PARAMETERS CORRTSPONOING TO THE ITEMS . 68
BIN INAD ave RETFRIVED FxOM AgNeCy AND LOADEND INTO ANM,BDM,CDM PESP, * €9
*THt enTRIFS IN THE ADM,3NM,CNM APE ZEROED FOR TH+ CASE OF Z¥R0 ITFM = 7n
*10 IMN TH- INAC . !
. * 72
. - 73
.!l‘l‘..0‘0!000.0.0'0!.0‘.'00."....0‘.0.0.0UQ!l.l..ll.l.ll‘.'l!l.‘!.“l 7“
00 4 J=1,M 75
LF (LHADGYI) NELD) 50 10 6 76
ADM()=ADMII=COMI ) =0 77
GG TC 8 78
5 CONTINUF 79
IFQunND=( RN
DO 7 i=1,INUP 81
IF (INAD(JYob:z o 11-4(1)) GO TO 7 82
1F0YND=1 83
ADM(J)=A(]) R4
ANMII=a (1) 85
COMtII=CULT) 8k
6C To 8 87
7 CONT I NUF 88
IF (IFOUND.EC.D0) IMADCJ) =D 89
3 CONT I[HUF 90
G99 T0 11 91
3 c THe NEXT SECTINY IS USFD IF NOPTION 2 IS ON, IT WILL TAKE THE FT 92
c DARAMETERS FRCM THE POOL WITHOUT MAKING USt OF INAD 93
9 D0 19 I=1,4M 94
ADM(L)=A(T) 95
: BOMCII=R(I) 96
3 COM(I)=CUT) 97
10 CONT LNUE 94
> It OPTION 3 IS ON THF PARAMETERS A¢R,C ARE CONSTRAINLD WITHIN 8 99
(> I AMAX AMINGBMAX o BMIN, CMAX 100
13 IF (0PTS.5Q2.0) GO D 13 101
N0 12 I=14M 102
IF (LNAD(I)etf.0) 50 TO 12 103
IF ((ADM(I).GT.AMAY) (UR.(OPT3.¢0Q.3)) AOM(1)=AMAX 104
IF (MOMU1)LTJHMINY HOM(I)=BMIN 105
IF (ADMEI) (GT.BMAX) BNM(I)=AMAX 10F
IF ((COM(I)eGTL.CMAX) (0K, (OPT3.EQ.2)) COM(1)=CMAX 107
12 CONTINUE 108
13 I[F (0PT1.N.1) GO TO 15 109
D0 14 I=1,M 110
PUNCH 57, INADU(ID JKFEY(IV4IREJCI)4ADMII) RANMIT),COMIT) 111
14 CONTINUF 112
: 15 PRINI 674 (INADCI)GKEY(T)yIREJCINZADMCIN 4B0M(I) 4COMILIN4T=14M) 113
i PRINI 49 116
}= A R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R A R R R R P R R R R R SR R RS R R RPN N Y 11'—'\
i < . 116
f . * 117
SRFAD A SUHJECT FROM TAP:-1 CALCULATL THETA, LOOP SACK TO S FTC. * 118
L L 11Q
. . 120
2R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S R R R Y R R R RS R RS 3 121
15 READ (1, 1FORM) NAMZ,I0,. (IRAWCI) qI=14M) 122
00 17 JJ=1,M 123
17 IR-SP(JIJI=D 124
LO=UNIT (1) 12%
c CHECK THE F£ND 2F FILF ON DATA FILE 126
IF (IO0«LET) GO 10 18 127
PRIN) 59, I0 128
18 IF (10.EQe0) GO TO 47 129
N=N+1 130
LTOT=140 131
£ SLT THE ITEM IN TO 25RO FOR THFE OMMISSIONS (THAT IS READ IN FRO 132




Rty

-56-

AND SET THE RESPONSE VECTOR TO 1 IF THE ANSMER IS CORRECT

OO0

DO ¢1 I=1,M
INANS(I)=INAD(I)
IF (IRAM(IN.EQ.IOMIT) 19,20
19 INADS(I) =0
60 7O 21
20 IF (UIRAMIINEQ.KFY(IN) AND,. (IREJ(IDIEQ.D0)) IRESP(IN=1
ITOT=ITOT+FLOAT (IRESP(I1))
21 CONT INVE
ITINADS=0
00 2¢ KK=1,M
27 IF (INADS(KK).EQ.0) ITINADS=ITINADS+1
KL=M-ITINADS
ITOT=ITOV/FLOAT L (KL))
IF (ITOT.EQeQ0.) 23,24
23 PRINI 60, NAME,ID
IF (0OPT4.:Q.3) GO TO 26
T=-10.0
SFQORM=0,.0
TINFO=0.0
IKL=KL
ITES=D
cXPT10T=0.0
WRITE (3463) NAMEZIDoI1OT4ToSFORMeIKL,TINFOLEXPTOT,ITER

60 TO 32
2 IF (L10T.tQe1.) 25426
25 PRINI 61, NAME,ID
IF (0PT4.EQ.3) GO TO 26
T=13.3
SFORPIM=0.0
TINFI=0,0
IKL=KL
ITew=C
EXPTOI=0.0
WRITe ($463) NAME, IO, ITOT,T,SF0M, IKLy TINFO,EXPTOT, ITER
0 Te
...0.‘2..‘..33".....‘...‘...’.‘.‘.'........‘."...........'....'....'
L ] L
L L
. NOW IHE UATA IS REANY TN MAKE THE CALLS TO THF APPROPRIATE ©OUTIN:
*TD ESTIMAT: THt THETALOPTION & WILL DFTERMINS THE METHOD BY WHICH ¢
*THE THETA ~STIMATE WILL BE FOUND .
L L
L L
S50 BIPIVBVIOIVIIIIIIINIIVNIBVISIIVIIVVIBIITIIINIIIIIINIINIIIIIIIIIIRIVEISILINS
2% IKL=KL
IF (CPTW=2) 27,28,29
27 CALL MAXLNO (IRESPeINADS MyMyANMoAOMCOMy53y e 0054 TySFORMIFATL,TIN
1FO0,tXPTOT,ITER SEM)
GO 10 30
23 CALL MAXLK (MyINADS, IPESPsMyAUM, ROMoCOMe504 0754 IFATIL,SFORM, T, TINF
1C £ XPTOT 4 [TER,SEM)
60 TO 30
23 =15
SFOYM=TSS
SEM=L.0
CALL HAYES (MyINADS, IKESPyMyANM, HIMyCOMy T o SFORMy TINFO,EXPTOT (IT:R)
60 TC $1
53 CONY INUE

IF (IFAIL.EQ.G) GO TO 31
PRINI 624 NAME, ID

e SFORM AND T ARE SZT TO =99,97 IN MAXLK IF NOT CONV
. NC=NC+1
YT YY

133

151

158
159
162
162
162
162
164
165
165
1€7
164
163
176
7t

172

il

1932
184
i85
187
L1R7
i8¢k
139
19¢
391
192
193
194
13F
196
197
19#




R
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* * 199
SWRITE THE SUCCFSFUL ReSILTS TOTHE FILE TAPE3 * 200
* . 201
(AR R R R Y R R R R R R R R R R R R R R R R PR L R R R R R R R R R R R R YRR SRR YR Y 202
$1 WRITE (Z,03) NAMEZIDGIVOT, Ty SFORMyIKLy TINFOLEXPTOT,IT-R,SEM 2c3
>~ 1k THe~c IS NO SUBSCALE CALCULATIONS LON® RACK TO RPEAD A SUBJEC 204
c GIHEFPWISF CONTINUE WTTH THF COMPUTATTIONS F9IR SUA3SCALES 205
32 1F (NSSCe*0.C) GU TG 16 206
10 uwé I=1,NSSC 207
NI=NISS(ILL) 201
[10T=4.0 269

00 $9 J=1,M 2171
I1SA0S(J) =INADS (J) 211

CO $4 K=14NI 212

IF (LSAN(K,I)=INANS(J)) 34,433,364 213

33 ITOT=ITOT+FLOAT(IX=SP(J)) 214
GO TO 35 215

34 CONT INUE 216
ISADS () =3 217

35 CONTINUF 218
ITISADS=0 219

D0 35 KK=14M 221

35 IF (ISANS(XK)oNE..) ITISADS=ITISADS¢1 221
KL=I1ISADS 222
ITOT=ITO1/FLOAT (KL) 223

IF (ITOT.EN.Ge0) $7438 224

37 PRINI 6Ky NAME 4 ID,NISS(T,2) 225
IF (OPT44EQ.2) GO TO 4B 226
T==1{.00 227
TINFOZEXPTOT=0.0 22%
ITE®=g 229
SFO¥M=04C 230

WRITe (39hk) PAME  IDGNISS(I¢2)9ITOT4T,SFORM,IKL,TINFOLFEXPTOTITER 231

60 TO 4b [ 232

$4 IF (LTOT 45741400 29,40 233
39 PRINI 674 NAMEoIDGNISS(IL2) 234
IF (OPT4%.E2.3) GO TO +3 235
T=14.0 236
TINFOZEXFTOT=0,10 237
ITER=y 238
SFOPM=0,0 239

WRITL (Sebhu) NAME o TDGNISS(Ie2) o ITOT4T,SFORM,IKL,TINFO,EXPTOT,ITER 2410

GO TGO 46 261

40 IKL=KL 242
IF (DPTL=2) Li,4Z2.43 243

L1 CALL MAXLN)D (IRESP,ISADSyMyMeADMeBOMyCDMy 5044014 T¢SFORMy IFAILyTINF 244
10,cXPTOT 4 LTER,SEM) 245

G0 TO 44 246

w2 CALL MAXLK (MyTSADS,IRPESPeMyANMyBOMyCOMySCy 01, IFAILySFORM, T4 TINFO 2467
1,EXPTOT, I1ER,SEM) 248

GO TO L& 249

43 1=7¢ 250
SFOrM=TSS 251
SEM=0.0 252

CALL HAYES (MyISADS¢INESPyMeADMy BOMyCOMe T oSFOPMy TINFOLEXPTOTLITER) 253

GO TO 45 254

NN IF (1FAIL.EQ.0) GI TO 45 255
PRINI 68y NAME,ICINISS(I42) 256

45 WRITE (34hh) NAME o INGNISS(Io2),ITOToT,SFORPM,IKLsTINFO,EXPTOT,ITER, 257
1SEM 258

ub CONT INUF 259
60 T0U 16 260

w? PEINI 654 NyNC 261
sToP 262

c 263
c " 264

e ———————————— e o g - - — e —————
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FORMAT (IS)

FORMAT (1MH1)

FORMAT (2I4oXo&I1,6F5.2,2X,12)

FORMAT (161I5)

FORMAT (80I1)

FORMAT (8A10) ! ¥

FORMAT (TS50,*LINDSCO®,/,T50%======%%,//////,T20,°LINEAR DICHOTOMUS
1 SCORING NITH THRE:Z PARAMETER MODELS®y////,TeC*PSYCHOMETRIC METHOD
2S PROGRAM®,/,TLO®DEPARTMENT OF PSYCHOLOGY®,/,TGO®UNIVERSITY OF MIN
INESOTA®, /o TGO®*MPLS. MINN. 55455%,/,//7/,T20°INUP®,T27%=215,/,T20,*M
LMAX®, T27%=%15,/,T20,*IOMIT®, T27%=%,15,/,T720°0PT1%,T27%=¢]5,/,T120%0
SPT2%,T27%=%165,/,T20%0PT3%,T27%=%]15,/,T20%0PT4*,T27%=%,16,/,T20°TS*
6o T27%=%F5,2,/,T20°TSS*,T27%=%F5,2,/+T20%AMAX® ,T27%=%F5,2,/,T20,*RM
TAX® T27 4 ¥=%F5,2,/,T20%BMIN®,T27,%=3F5,24/ 4T20%CHAX® ,T27,%=%F5.24/,
4T20,*VARIABLE FORMAT FOR POOL="8A10+7+T20,*VARIABLE FORMAT FOR DAT
JA=*80104/4T20,8A1047/+T20,8A10,7/,72048A10,7/)

FORMAT (8A10)

FORMAT (2I5)

FORMAT (*1%,29X,*ITEM ID S®*2X,*KEYS®2X ,*REJECTIONS®,4X,*A%,9X,*B*,
19X 4 %*C®%e/ 46 0(/30X o I595XoI345XsI301XoF10e291XeF10.201XyF10.2))
FORMAT (//7,40X,*ITEMS IN SUBSCALE NO=%13,/,10(20I6+7))

FORMAT (10X,*PARITY ERKOR ON TAPE®,90X,I2)

FORMAT (10X,*SUBJECY =*,2A10,* ID =*,A9,* HAS NO ANSWERS ®,®CORRS
A1CT IN TOTAL SCALEt®)

FORMAT (10X,*SURJECT =*,2A10+* ID =*,A9,* HAS ALL ANSWERS *,*CORFPE
1CT IN TOTAL SCALE®)

FORMAT (10X, *COMPUTATIONAL PROBLEMS WITH SUBJECT =%,2A10,% ID =%,A
19,* IN TOTAL TE®)

FORMAT (X92A10,A9,® T*,F5.292F7e2y16s2F7.29144F7.2)

FORMAT (Xo2A1090A99T24F5.292F7e2¢IUy2F7.29T4sFT7.2)

FORMAT (/10X,*CASES READ=%*,IS,* CAStS NOT CONVERGED=%*,I5)

FORMAT (10X,*SUBJECT =*,2A10,* ID =*,A9,% HAS NO ANSWERS *,*CORRF"
1CT IN SUBSCALE *,IS)

FORMAT (10X,*SUBJLCT =%,2A104* ID =*,A9,* HAS ALL ANSHWERS *,*CORRF
1CT IMN SUBSCALE *,15)

FORMAT (10X, *MAXIMUM LIKELIHOOD ESTIMATION DOES NOT CONVERGE®,®*FO®
1 THE SUBJECT = *,2A10,* ID = *,A9,* ON SUASCALE *,I5)

END

SUBROUTINE BAYES (Y ITM RESP NgAgByCyBTHE ToBVAR,TINFOLEXPTOT,ITER)
INTEGER PESP(M) 4 ITM(M)

REAL A(N)4BIN),C(N)

DO 1 I=1,M

IF (ITM(I).EQ.0) GO TO 1

CALL BSCOR (BTHET.3VAReB(I)4A(I)4C(I),RESP(I))

CONTINUE

CALL NOSTAT (My ITMyAsByCoBTHET,TINFOLEXPTOT)

ITER=0Q

RETURN

END ,

SUBROUTINE BSCOR (3THET,BVAP,DIF,DIS,GUESP,IRFSP)
O=(DIF=-BTHET)/SQRT(2.0%(1.0/0IS**2+BVAR))

ER+D=ERFNFP (D)

EDSO=EXP(D**2).

IF (EDSQeFQ.0.0) RETURN

EDSQI=1.0/EDSQ

XKINV=0.5%(1.0=-ERFD)

XLINV=GULSP+(1.0-GUESP) *XKINV

IF ((XLINV.FQe0e0)+OR.(XKINV.EQ.0.0)) RETURN

XL=1.0/XLINV

IF (IRESP.NE.1) GO 70 1

S=0.398942%(SQRT(RVAR) /SQRT(1.04(1.0/DIS**2)/BVAR) ) *(1,0/XKINV)*ED
1S0I

T=1.0-1.772654*0%E0SQ*(1.0-ERFD)

BYHET=BTHFT+(1.0-GJESP) *XKINV*XL*S
QVAC=AVAR=(1,0=-GUESP)*XKINVE X *S382% (T-GUFSP*XL)

265
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NETURN

HTH_ I =8THET=0.797335% (HVAR/SNPT(1.,0/DIS**2+2VAR) ) *EDNSQI*(1.0/(1.0+
1 RFD))
PART1=14128379/(1.0+(1.2/DIS**2)*(1,1/8VAR))

PARTZ=1.0/(EDTQ*(L.0+FRFQ))*">
PARTS=0s5h4190+0%:- ISQ* (1 G +ERFN)
BVAR=BVAR®* (L, C=PAXT 1*PACT2*PART]3)
RETUFN

ENU

REAL FUNCIION EREN2 (X)

ODATA 81/0.254530/7

NDATA A2/-0,28u4L97/

CATA A3/71.421414/

DATA A4/-1.,452152/

NATL A5/1.001405/

DATA F/le$27591/

FRFNP=0.0

IF (XeEQeNel) RETHIN
tS=316N(1e3,4X)

Y=A"5(X) :

IF (Y.LT1.6.0) GO T3 1

ERFNF=ES

PETURN

Y2=Y*Y

T=1eu/(1.0+P%Y)
AT=((A1+(A2+(A3+(AL+AC*T)I®*])*T)I*T)
CAT=AT/EXP(Y2)
ERFNP=(1.0-EAT)*ES

REITURN

=ND

SUSROUTING MAXLK (MyITMRFSP4NyAa4CyMAX,£O5, IFAIL,y SDRV,y THETA,TINF
104 XPTOT 4 NUMITS,SiM)

EXTERNAL FDOLCG, SUDLOG
INTEGER KESPIM)
DIMTNSION A(N), BIN)y CUN), TTM(M)

USES MAXIMUM LIKELIHOOD LOGISTIC SCORING

MODL

BHIScCTINN IS USED TG PROVIDE THE INITIAL GUESS FOR THFE

NEWTON=RAFHSON METHOD

CALL BISECT (FDDLOSyRESPyA4ByCeMyITM45,GUESS)

CALL NEWTKAP (FDULOG9SODLOGRTI . SPgAyByC oMy ITMyMAXZFPS,NUMITS,GUESS,
1THETA,SONVL,IFAIL)

1F (IFAIL.EQe1) 1,2
NEWTON RPAPHSOM D1J NOT CONVERGE

CALL NWTERR (THETA,SODKV,SFM,TINFO,EXPTQT)

RE TURN

CALL LGSTAT (My1TMeAy4HyCyTHFTA,TINFOLEXPTOT)

SEM=1.0/50RT (ABS(SNRV))
RETURN :
END

FUNC! ION FONLOG (P"SPeITMyAy340Cy My THETA)

INTEGER RESP(M) 4k IGHT

DIMLHSION A(M), R(M), CIM)y TITM(M)
DATA XMAXyXMIN/20CeU9=200.0/

DATA DyRIGHT/147,41/

CALCULATES FIPST DZRIVATIVE OF LOG-LIKELIHOOD FUNCTION OF A
RESPUNSt VECTCR FOR THL LOGISTIC MODEL

SUM=(.0

D0 1 I=1,M

IF (LTM(I).EQ.0) GO TO 1
X=D*A(I)*(THETA=H(T))

IF (XoLTXMIN) X=XMIN

LF (XGT XMAX) X=XMAX
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EXF=EXP(X) 16
AE=ACI)®EXF 15
SUM=SUM=-AE/(EXF¢1.0) 16
IF (RESP(I)NE.RIGHT) GO TO 1 17
CE=C(I)*EXF 18
SUM=SUM¢ AL /CE 19
1 CONTINUE 22
FOOLOG=-1,.7*"SUM 21
RE TURN 22
END 23 -
FUNCTION SDDLOG (RESPsITMyAeBoCyM,THETA) 1
INTEGER RESP{M)RISHT 2
DIMENSION ITM(M), A(M), B(M), C(M) 3
DA'A XHA!,KNINIZOG.O.’ZQ0.0/ 4
DATA DyRIGHT/1.7,1/ 5
C*** CALCULATES SECOND DERIVATIVE OF LOG-LIKFLIHOOD FUNCTION F
C*** QOF A PESFONSE VECTOR FOR THE LOGISTYIC MODEL 7
SUM=0.0 e A
DO 1 I=Li,M .
IF (ITM(I).EQ.0) GO TO 1 . 12
X=0D*A(I)*(THETA-B(I)) 5 i § 4
IF (X.LT<XMIN) X=XMIN X 4
IF (X .GT XMAX) X=XMAX 12
tXF=EXP(X) 14
AE=A(]I)*FXF 1€
SUM=SUM=A(I)PAE/ ({1 0¢EXF)*(1.0+EXF)) 1¢
IF (keSP(I)NERIGHT) GO TO 1 17
CE=C(I)+EXF 14
SUM=SUM+A(I)*C(I)*AE/(CF*Ct) i
3 CONT INYUE Zen
SNNLCG==2.89*SUM 24
KETUYN 22
END 23
SURKOUTINS QISECT (FL14RESPGA14CoMy ITMNITER,ONID) bl
INT-GFR WESP(M) 2
DIMENSION A(M)y, B(M)y CIM)y ITM(M) : 2
i CALCULATES APPROXIMATE 20NT OF F1 BY RISECTTIONS .
C*®%  RISFCIING NITER (NJMBtR OF IT-PATIONS) TIMFS, »
C*** HMID IS Be3T CURKLNT GUTSS AT P00T THETA ¢
la E
cese INITIALIZE LEFY BOUND AND F21(3N0UND) AND RIGHT 30UND F1(30UND) -
8L=-5.0 9
BR=5,0 N
] BMID=0.0 1y
TL=F1(RESP,ITM,A,4,CoeM,8L) 12
TRP=FI(RESFyITMsA,3,CyM,"R) e &
C*** TEST FORP MO ROOT IN INTERVAL=--RETURN IF NO SOLUTION 16
IF ((TL®*IRP).GT.0.0) RETURN 18
> 1¢
C*** NOW CALCULATE BIS-CTIONS NITER TIMES 17
D0 3 I=14,NITEP 18
TMIO=FL(RESPyITM A,B4CyM,RMID) . 19 :
IF ((TMID®*TL).GT.0.0) GO TO 1 2r
C*s* REPLACE KIGHT BOUND WITH 3MID c1
¢ BR=AMID z3
: G0 T0 2 22
i Z¥** REPLACE LFFT BOUND WITH BMID 2L
: 1 Te=TMID 25
BL=R™ID 2F
C*** FINJ NEW MIDPOINT 3MID 27
2 BMIDN=(9L+AR) /2.0 28
3 CONT INUE 29
RETUWN 30
END 5. 5
SUBROUTINE NEWTRAP (F1yF24RESPeAByCoMy ITMyNITERyEPSyNUMITS,GUESS, 1
LIHETLLSOPVGIFATIL) 2
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: INTZGrR KRESP(M) 3
& CIM_SION A(M)y B(M), C(M), ITM(M) 4
% C*®x  CALCULATES THE Q00T OF F1 GIVEN ITS FIRST NDERIVATIVL F2 5
C*** ANY 4N INITIAL GUFSS USTNG NEWTON=RAPHSON M~THQN A
C*** |H=Ta IS APPR, TO THE RNOCT: SHRV IS F2(THETA) 7
NUMIIS=0 ]
THETA=GUESS 9
C*®* 00D UNTIL “RP<EPS OR NUMBLP OF ITERATIONS BECOMES TOO LARGF . 190
5 : 1 FOMVSFL(RESP, [Ty A 4B oGy My THE TA) 11
: . SNRV=F2(RFSPyITMaN 4B, yM,THFTA) 12
ERKk=FDRV/ZSDFV 13
I1H- TA=THE TA=EFP 14
NUMTISENUMITS+1 15
C#®® ¢ XIT LOOP CRITERINN 16
LF C(NUMLTSLTNITZR) AND. (ASSILRP) GGTLEPS)) GO TO 1 17
C*** ELNU LQOOP. TESI F0O2 CONVERPGFNCF AND SET TFATL 18
IFATL=0 19
IF (R3S (ERR) LTLEPS) rETURN 20
c : 21
C*** NEWTON RAPHSON METHOD UNES NOT CONVERGE 22
[FATL=1 23
RETURN 26
END 25
SUBROUTINL NWTERK (THETA,SFORMySEM,TINFO,EXPTOT) 3
C*** SEIS tRROR VALUES FOR THE CASF IN WHICH NEWTON RAPHSON FAILS 2
C*** 10 COMNVERGE 3
IHLTA=~29,39 4
SFORM==99,3a 5
SEM=-99,99 6
TINF0==-99,99 7
EXPINT==99,99 8
RE TURN 9
END ’ 10
SUHROUTINE LGSTAY (MyT1MyA4B,C, THETALTINFO,ZXPTOT) 1
OIMENSION A(M)y, B(M)y CU(M), LITM(M) 2
DATA XMAX(XMIN/12.0,-12.0/ 3
TINFO=0.0 4
EXPTCT=0.0 s
KOUNT=0 6
c 7
D0 1 L=1,M ]
IF (LTM(I).ER.O0) 6D TO 9
: KOUMI=KOUNT+1 10
APGU==1,7*A(I)*(TH=TA-B(I)) 11
IF (ARGUGT XMAX) ARGU=XMAX 12
IF (ARGU.LT.XMIN) ARGU=YMIN : 12
: P=C(I)4(1.0-CIN)*(140/(1.0+4EXP(ARGU))) 14
: 0=1.0-P 15
{ EARG=EXP (=ARGL) 16
£ PORIME=EARG/((1.U+FARG) *(1.0+EAPG)) 17
3 PPRIME=PPRIME* (1.4=-C(1))*A(I)*1,7 18
i . TINFO=TINFO+(PPRIM-*PPRIME) / (D*N) 19
EXPTOI=EXPTOT+P 20
1 CONTINUE 21
FXPTCT=EXETOT/FLOAT (KOUNT) 22
RETUKN 23
END 24

SUHRCUTINE MAYLNO (RESPITMyMyNyAsByCoMAXyEPSyTHETAZSORVLIFATIL,TIN

1F0,i XPTOT4NUMITS,5zM)

EXTERNAL FONOGV,SNNOGV

INTEGeR KESP(M)

DIMENSION ITM(N)y A(N)y BIN),y C(N)
C*** USES MAXIMUM LIKELIHOND NORMAL OGIVE SCORTING ALGORITHM AND
C*** RESPONSE VECTOR
Ce** QBISCCTION IS USED TO PROVIDE THE INITIAL GUESS FOR THt
C*** NEWION RAPHSON METHOD

ODBINIANE AN
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CALL BIStCT (FDNOGV,RESP4A4B4+CyMyITM,5,GUESS)

CALL NEWTIFAP (FONOGVySONCGVyRrSPyAyBeCoMy ITMyMAX,EPS,NUMITS,,GUESS,
1TH=TA,SOKV,IFAIL)

IF (LFATL.EQ.1) 1,2

NEWTON RAFHSON DID NOT CONVERSGE

CALL MWTERR (THETA,SDRV,SEM,TINFOL,EXPTOT)

RE TURN

CALL NOSTAT (MyITMeA3Hy Lo THETALTINFOLEXPTOT)
SORV=A3S (SDRV)

SEM=1.0/59PT(SORV)

NETHURN

=MD

FUNCITION FONQGVY (KESPalTMy Ay N,CeM, THETA)
INTeGER KESP (M) 4 RISHT

NDIMcHSION A(M)y B(M)y C(M), ITM(M)

OATA PIGKRIGHT/3.,1416592,¢

NATA XMAXGXMIN/7 44740/

CALCULATES FINST N-PlvATIVE GF LOG-LIKELIHOOO FUNCTIGY OF
A CFSPONSE VFCTOWM FOR THE NOOMAL OGIVE MODEL

suM=i,0

FODTOTI=1.n/050KT (. 2%PT)

BE ¢ [=14M

IF (LI1M(LYetGaO) 60 TO °

TeMOP=A(I)*(TH TA=(TI))

IF (1-MPGTXYAX) TEMP=YMAX

IF (V-MP LT XY¥IN) TEMP=XMIN
X==(1cMP*T=MP) /2.1,

DHMS L1 =200TOT*A(1)*(1.,3-C(I))*EXP(X)
DENOMZC(IN+(10=COI))*CDEN(TEMD)

IF (LLSPUI)ENRILHT) G0 TH
PFNOMz=(14)~0-NOM)

SUM=LUMS (DIMEAT/ZDENOM)

CONTINUT

FONTLY=SUM

PE LU

END

FUNCILION SINGGLY (PSSP 1 TM,A,4,CeyMy THETA)
IMT GER DESD (M) GRIGHT

OIM ANSION A(M)y B(MYy C(M)y TTM(M)

DATA PLyHIGHT/341415Y9¢,1/

CATA XMAX G XUI4N/T e o=7e0/

CALCYLATES SECOND NCRIVATTIVE IF LAG=LIKELIHI0N FUNCTIOAN
NF o ReSEDISE VECTIR FO . THE NNFMAL OGIVE MOOFL

SUM=L«0
ROOTEI=144/50FT (2. T5%PI)
NN 2 1=14M

IF (ITM(D)FQe0) G3 TO 2
TEM21=A (LY *(THETA=-(I))

IF (1eMP1.06To¥MAX) TEMRI=XMAY

IF (1:MP1 LT XMIN) TEMPI=XMIN

==-T; . MD18TEMFL/24)
TEMOZ=ROUTPI*(140=-2(I2)*A(TI) *=XP(X)
FIRNIMSTEMIZ®TE M,
SECHIM=TEVAZ®A(I)*TEMPY
SOLNIM=C(I)+(1.0=-C(1))*COFNITEMPY)
FOs NNM=S0e NOMESDE NIM

IF (rLSP(I)E2RILHATY GNP TO L
FN="LM=(1.0=0NFNOM) * (L 3=5080IM)
S50 Mz=e (1,0=SNENIM)

SUM="1M= (FIONIM/ZFHIHOM) = (SECNIM/SNDENOM)
CONTINUY
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END

SUKRPOUTIN- MCUTAT (My1TMyAgHyCy THETAGZTINFOQ,“XPTOT)
(IM- 1 5I0N A(M)y HB(M)y, C(M)y, TTM(M)

DATA PI/Se1b17Q2/

DATA XMAXGXMIN/Z? ) e=7407

TINFO=0.0

EXOTNI=0,41

KOUNI =9

DO 1 I=1.M
IF (TTM(I).EQ.0) 60 TO 1

KOUNI=KOUNT+1

TEMP=LA (L) *(TH-TA="(I))

IF (1EMP.GT.XMAX) TEMP=XMAX

IF (1FMP.LT.XMIN) TEMP=XMIN
P=CI)+(1.0=-C(I))I*CCFNITEMP)

R=teC =P

TEMP=-TEMCRTEMO/2,0 y
PPRIME=(1.0/SGRT(Z.0%*PINI*(1.0=-C(I))*A(T)*EXP(TEMP)
TINFO=TINFO+ (PPRIMI*PPRIME) Z(P*Q)

EXPTOT=EXPTOT+P

CONTLNUE

EXPTOT=EXSTOT/KOUNT

RETURY

ENU
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APPENDIX D
ADADSCO FORTRAN PROGRAM LISTING

PROGRAM ADADSCO (INPUT,OUTPUT,DATA,IPOOL, TAPE1=DATA,TAPE2=IPNOL,TA 1
1PE3) 2
DIMENSION ITEM(600), A(600), B(600), C(600), KEY(600U)y IREJ(RI), I 3
1FORM2(8), IRAN(80), INADS(80), IRESP(B0), ADM(80), BDM(80), CDM(BC N
2)y DESC(Z24)y NAME(2), IFORM1(B) 5
INTEGER OPT1,0PT2,0PT3,0PT4 6
REAL ITOT T
N=NC=( 8
:l.ll'.’l..‘...."'l.....'..........'..’.‘.l.'l’lQ"’..‘...0.....0..'..‘0. e ]
[ 5 * 10 -
C2FAD OPTIONS AND PROGKAM PARAMETER FROM INPUT FILE, DATA IS ON TAP-2 * 11
B L 2 ?
El0.....0.0......0...."....."..".".“..C..‘..‘l.."....‘l‘."ll."‘. i'{
IPOOL=2 16
REAN 20y INUPyMMAX,0PT1,0PT2,0PTZ,0PTLTSeTSS,AMAX,3MIN,BMAXCMAX, 15
LIFLAG, IOMIT 16
READ 22, (IFORM1(I),I=1,8) 17
€ 1FORM1 IS THE VARIABLE FOWMAT FOR THE ITEM POOL 14
READ (IPOOLLIFORMLI) C(ITFMUI)GACI)(B(I)4CCI)KEY(IV4I=1,4TINUP) 19
c."'l‘#.l.lilll"l.l.ll..ll..!...‘l.'.ll‘!.l'..'l...."!l‘l"..“‘!"!l 20
[ ¥ 21
c * 22
CSTART ReAOQING THE SPECIFIC DATA (SPECIFIC FOR THE RPUN) FROM THE INSUT * 23
CINAD IS THE ITEM IO#S ADMINISTERFD * 24
CIFtJ IS THt REJECTED ITZM IO S * 25
CIMFSP IS IHE RESPONSE VECTOR ® 26
Cc 3 27
c * 2R
COI!0.06'l.l.l“!‘.!..."l00."'..."l"‘!.l.#‘..l‘l'&"'.lll"'.'l'lC“‘ Zq
READ 21y MNUM, (IREJ(I)eT=1,4MN'IM) 32
REA) 22, (IFORM2(I),1=1,3) . b
> IFORM2 IS THY VARIABLE FORMAT FOR THE SUBJECT DATA 32
c 33 {
REAN 24, NESC 34
PRINT 234 INUP MMAX g IOMIT IFLAGEOPTL,0PTZ4NPTI,0PT LTSy TSSyAMAK,RM S5
{AXy IMIN, CMAXy IFOKRML,y IFORM2,DF SC 35
:‘.'".‘l‘l.C.l....‘..".‘.“‘..’0.l."l..."'..l“!.".l".“‘...".4'4 }7
c 0 34
C . 39
CREAD A SUHJECT FROM TAP-1 CALCULATt THETA, LOOP BACK TO S tTC, * )
" ~ 4
¢ . 2
cl!!'il..!.l..l'.......'.‘.'.“.‘..".!l‘.l.l..0.‘!'.....'..0.'...'(.‘l. [.'{
1 READ (1, 1FORM2) IDyNAME oMy (IRESP(I) 4 I=14MMAX) 4 (INADS(I)sI=14MMAX) L
M=MIMNU(MsMMAX) L5
I0o=UNIT (1) 4A
c CHECK THE END OF FILE ON DATA FILE N4

IF (I0.LE.O0} GO 10 2
PRINT 2654 1IN
IF (I0.EQ.J) GO TN 19
N=N+1
ITOT=0.0
StT TH- ITe™ IP VO Z€RO FOR THT OMMISSINNS (THAT IS READ IN FRO

AND SET THE RESPONSE VECTOP TC 1 IF THE ANSWER IS CORRECT
00 5 I=14M

St1 THE ITem INDS IN IREEJ TO ZFRO
IF (MNUM.EQ.0) GO TO &
00 $ IJ=14MNUM
IF (LNADSUI) «NELIFEJ(IN)) GO TN 3
INADSEI)=0
GO Tu S5
CONTINUE
CONTINUE
[F (INESPII) FNLIIMTT) TNANS(TI=C

T e~
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LF (INADS(I)ec Q402 GO 10D S5

CALL SEARCH (INUPJINADS(I) gANMUTI) ¢BOMUINYoCIMII) oKKEZITFM R, 33CoKEY
1, IM

1F The FLAG IFLAG IS NOT 2ERO IT IS TakKiN TO RE THE DJUMMY KcvY

IF Il IS 7-R0 THEN KEY IS REAN FRFOM THe POOL AN LEFT IN KKE

IF (LFLAG.NE.0) KKE=IFLAG

IFE3=0

IF (LrkESP(I)FN KXZ) IRFS=1

IRE S&(I)=IRFS

CONTTINUE

(AR AL X R R R R A A L S R R R R R Rl A L A A AR R AL AL i Al A A AL R A S R L 2 2 2

~

-

c

CIN TH: NeXT OU LOOP THF ITeM PARAM-TERS CORRESPONDING TO THZ ITEMS

CIN INAD ARE RETRIVED FRIM A,P,C, AND LOADEOD INTO ANM,BNM,L04 RESP,

CTHE ENTRIFS IN THE ANMyH4DM,CNM ARE ZEROED FOR THr CASE OF (££20 ITEM
IN THt INED

cID
c
c

« ¢ &« ssa

COQ'OOO‘0‘00.‘!".ill‘....0..'.C!-..‘...‘.‘l'.'".l.‘......'.‘l.‘. (X2 22 2

~
“

c

~NOoo0oo

10

Ir OPITON 3 IS TN THF PARAMETERS A,H,C ARE CONSTHAIND WITHIN B
OF AMAX,AMINGBMAX,ABMIN,CMAY

IF (UFT3.£2.0) GO TO 7

DO €& 1=1,M

IF (TNADS(IN.EQ.0) GO 10 b

IF ((ADM(I).GT.AMAX) JOR.(IPT3.5Q.3)) LDM(I)=AMAX

IF (PUM{1).LT.BMIN) BDM(I)=BMIN :

IF (KCMUI) .GT.HMAX) BDM(I)=aMAX

IF ((COM(I)oGT.CMAX) JOR. (DPTS.EN.2)) COMII) =CMAX

CONT LNUE : »
CPTION 1 WILL P2INT THT SPFCIFIC NDATA IF ITS ON

CONTTNUF

IF ((OPT1.EQ.T) ,0F.(0PTLGT413)) GO TO 4
0P [1=0PT 141

PRIMI 264 INGNAME s CINADSCTIIN o TR SC(II) o AOMCITIVWR0OMIIINZCOMUIT)IT=
11.M)

CONTINUZ

ITINANS=(

nNn 9 KK=1,M
ITOT=ITOT+IRESP (KK)

If (INADS(KK) +EQCY ITINADS=11TNADS+L
KL=M-ITINADS
ITOT=1TOT/FLOAT ((KL))
IF (I10T.EQ.0) 10,11
PRINE 279 NAMELZID

It (UPT4.£EQ.3) GO TO 13
f==10.0

SFOCM=0.0

FTINFO=0.0

EXPTNT=0,10

SEM=0,0

ITER=(D

IKL=KL

GO TN 13

IF (1T0T.£Q41.0) 12,13
PRINI 31, NAME,ID

IF (OPTL.*N.3) GO TO 13
r=10.0

SFO”M=0.0

TINFN=0.0

EXPTUT=0,0

SEM=0.0

ITeR=0

IKL=KL

6O TO 18

120
121
122
123
224
125
126
127
128
129
130
131
132

""""""""""""""""""""-!-"--l----llulluu-----u-.‘

Seiabib G it

o R Lo

Sy

e A A
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CPIR 3333333333333 33333330 3033330033333 30303030033%333330030088083338008s

c 3 .
C L 3
c NOW THE DATA IS READY TO MAKE THE CALLS TO THE APPROPRIATE ROUTINE
CTO ESTIMATE THE THETA. OPTIN & WILL p[TER"INE THE METHOD B8Y WHICH .
CTHt THEIA ESTIMATE WILL BE fOUND i
[ L
C L
c"...."..'......'....‘...........‘.................‘.....’......".."
13 IKL=KL

IF (0OPTL=-2) 14,15,16
16 CALL MAXLNO (IRESP,INADSyMsMsADM,BOMyCOMsS50+.)359ToSFORMyIFAIL,TIN

1FC,cXPTOT, ITER, SEM)

GO TO 17
15 CALL MAXLK (MeINADS,IRESPyMeADMyBOMCOMs50s.0"54IFAIL,SFORPM,T,TINF

10, XPTOT 4, ITER,SEM)
c

GO TO 17
16 =15

SFOFM=TSS

CALL BAYES (MyINADS,IRESPy My ANM,BOM4COMyT4SFOPM,TINFO,“XPTOT)

ITex=0

SEM=0,.0

GN TO 18
17 IF (1+AIL.EQ.0) GO TO 18

POINI 28y NAME,LID
S SFORM AND T ARE SZT 7O -9Y.97 IN MAXLK IF NOT CCNV

NC=NC+1
LR TR Ry R R R Ry Y e Y]
e »
CWRITF THL SUCCESFUL RESULTS TCTHE FILE TAPE3 .
c *
Cl LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R RS R R R R R R R R R R N RN
18 WRITE (3929) NAMEGIDeITOT o ToSFORMyIKLyTINFO,-XPTOT4IT: R4SFM

63 70 1
13 PRINT 304 NygNC

STOP
c
N FCHMAT (2T4yXo4I1,6F5.2,12,12)
(Ao § F ORMAT (1615)
¥4 FORMAT (8A10)
23 FORMAT (TS50,*ADADSCO® 4/ ,T50%=======%,//7/7/777,120,*ADAPTIVF DICHOTOM

1US SCORING WITH THREE PARAMETEP MODELS®*,////,T40*PSYCHAIMETRIC METH
20NS POOGRAM®,/4TLO*DEFARPTMENT OF PSYCHOLOGY®,/,TLO®UNIVERPSITY OF M
SINNESOTA®,/,TLUO®*MPLSe MINN. 55455%,/,///4T20%INUP®,T27%=%15,/,TC0,
DEMMAXS G T27%=%]15,/ V20, IOMIT*,T27%=%,15,/ yTCOPIFLAG®,T27%=%,10C,/,T
521%0PT1%,T27%=215,/,T20°%0PT 2% T27%=%]15,/,T2 *NPT3*,127%=%]5,/,T20*
HOPTLe T27%=%,15,/4T20%TS*,T27%=%F5,24/4T20%TS5%,T27%=%F5,2,/,120%A
TMAX®  T27%=%F5.29/yT20+*RMAX® 4 T27 4 #=%F5,2,/4T20%PMIN® 127 ,%=%F o2,/
4y V20 CMAX® T27 4%=%F5,24/4TL0,*VARIABLE FORMAT FOF POOL=%*HA15,/,T20
94 *VARIABLE FORMAT FOR DATA=%*8010,/,T20,8A104/4T20+821us/+T2145410,

£7)

24 FORMATY (8A10)

29 FORMAT (10X, *PARITY ERROR ON TAP{*,Q0X,I2)

26 FORMAT (10XyA9,2A104/7 402Xy Jle2Xe12¢2Xe3F10.2))

27 FORMAT (10X,* SUBJ=CT *,2A10,*ID= ®*,AQ,*HAS NO RIGHT ANSWERS¥)

2% FORMAT (10Xs® MAXIMUM LIKELIHNOD ESTIMATION NNOCS NOT CONVEPRF®,% F
10R THt SUBJECT = *#,2A10,* 1I0= *,a9)

29 FORMAT (X9g2A100A9¢F5e292F7e29TLe2FT7.2yILeF7.2)

3n FORMAT (10X,* CASES READ=%*,I%,* CASES NOT CONVERG:0D=*,1I%)

31 FORMAT (10X,* SUBJZCT *,2A10,*%IN= *,A9,*HAS ALL ANSHWERS RIGHT*)
END

SUBRRNUTINE SEARCH (INUPGIDJA3A3CoKEYITM AP BP,CP KLY P4 IDNUY)
DIMCNSION AP (INUP)y HBPUTNUP) e CPITNUP) g KEYT(TUWPY, ITHH(THUD)

S =

133
134
135
136
137
133
139
140
1641
142
143
144
145
146
147
148
169
150
161
152
153
156
156
156
157
159
159

176
177
173
179
180
181
182
187
18
185
186
187
188
1R9
190
191
192
193
194
195
196

N I I T TR T T T U TR P WP T IR aRe————
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INTLG=R FLAG 3

D0 1 1=1,INUP 4

IF (IDGNELITMII)) GO TO § 5
A=AP(T) A
B8=30(1) T
C=CPLI) 8
KEY=KEYP(I) 9

CALL PCHECK (£4R40.910yINNIM) 19
RETURN 11

1 CONTINUE 2
PRINI 24 LUy IDNUM 13

c 16
In=3J 15
RETUHRN 16

c -l g
Cc 14
C 19
Z FOCMAT (10Xe® ITEM =%,1ue® TS NOY IN THr POAQL FOR SUBJTCCT IO =%*,A9 r4
1) 21

END 2?2
SURRNUTTIN- PCHECK (AsHeyIDy INNUM) 1

C*** CHECK WHETH: R OR )T I1:M PARAMETIRS AR: VALIN 2
Cess IF nNUTy ERPRIOKR MESLAGE 1S PRINTED 3
c 4
IF (ALEel40) PRINT 1, IDgA, INNUM s

IF ((=540e06TeP)e07¢(BeGT65400) PRINT 24 ID4RBy TONUM 6

IF ((UueleGTeC) eDRe(Cal-To2a0V) PRINT 3, IDeCyINNUM L
RETURN L]

c 9
c 19
c 11
1 FORMAT (10X *ITEM =%,]16,% HAS THE INVALID A PARAMETCR OF *,F5.2,* 12
i A MUST KBE GFEATL? THAN N N*,/710X,*FRRIP FOUND *,*F0R THE SU3JECT 13

2 WIIH ID =%,A9) 164

& FORMAL (10X, *TTEM =%,T4,* HAS THL cXTKEME B PARAMETER OQF *,F5,2,5X 15
1,%2rh0OR FOUND FOR THE SUBJECT WITH I0D =%,49) 1A

3 FORMAT (10X, *ITFM =%*,]104,% HAS THI INVALIO C PARAMETER JF ¥#,F5.2,* 17
1 C MUST ME RFTWE'N Q0.0 AND 1.7%,/74iCX,*-RROR FOQUND *,*FOR THE SUBJY 13

2eCT WITH ID =%,A9) 19

END 20
SUBROUTINE BAYES (MyITMyRFSPGNgAsNyCoyBTHE T, BVAR,TINFOL,EXPTOT) 1
INTFGER RFESP (M) 4 ITM(M) 2

REAL A(N),H(N),C(N) 3

D0 1 I=14M 4

IF (LTM(I).EQ.0) 6D TO 4 5

CALL HBSGO? (HTHETAVAP, MUINZA(T)«C(I)4RFSPII)) 6

1 CONTINUE 7
CALL NOSTAT (MgeITMaA4HyeCoBTHETZTINFOLZX2TCT) 8
RETURN 9

END 10
SUHBPOUTINE BSCOR (ATHET 4BVARGDIF 4NIS4GUTSF, IRESP) 1

. D=(DIF=ATHCT)/SQFT (2.0%(1.0/NIS**2+8VAR)) 2
ERFO=ELRFNC (D) =
EDSN=eXP (D**2) [

IF (FNSQerQe040) CFTURN L]
£E0SG1I=1.0/EDSA 6
XKINV=0.5*(1.0-ERFD) T
XLINV=GUESP+(1.0-GUESP) *XKINV 8

IF ((YLINV.EQeOoO)eOR(XKINV.tQ.0.0)) RETURN Q
XL=1.0/XLINV 10

IF (TRESP.NE.L) GO TO 1 11
S=0.359894L2*(SART (BVAR) /SQRT(1.0+(1.0/DIS**2)/RVAR))*(1.0/XKINV)*ED 12

1sal 13
T=1.0=1./72454%0%F0SQ*(1.0=FRFN) 16
BTHEI=BTHET+(1.0=-GUELSP) *XKINV*XL*S 15
BVAP=8VAK=(1.0-GUELSP) 2 XKKINVEXL*S**2* (T=GUES *XL) 16

e e e A e g <22~ .-

I ——
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RETURN
BTHET=BTHET-0.797885% (BVAR/SQRT (1.0/0I5%**2+BVAR) ) *EDSQI*(1.0/(1.J+
1ERFD))

PART1=1,128379/(1.0¢(1.0/DIS**2)%(1,.0/8VAR))
PART2=1.0/7(EDSQ* (1. 0¢ERFD) ) **2
PART3=0.564190+D*EDSQ*(1.0¢ERFD)

BVAR=HVAR® (1.0-PART1*PART2*PART3)

RETURN

END

REAL FUNCTION ERFNP (X)

DATA A1/0.254830/

DATA A2/-0.284497/

DATA A3/1.421414/

DATA AL/-1.453152/

DATA A5/1.061405/

DATA P/0.327591/

ERFNP=0.0

IF (X.EQ.0.0) RETURN

ES=SIGN(1.0,X)

Y=ARS(X)

IF (Y.LT.5.0) GO 7O %

ERFNP=ES

RETURN

Y2=ysy

T=1.0/701.0¢P%Y)

AT=((A1+(A2¢ (A3+(ALSAS*T)*T)*T)I*T)*T)

EAT=AT/ZEXP(Y2)

EPFNP=(1,0-EAT) ®ES

RE TURN

END

SUBPOUTINE MAXLK (Mo ITMyRESPyNsAsB,C,MAX, T1 9 SDRV e THE TA, TINF
104EXPTOT yNUMITS,SEM)

t XTFWNAL FODLOG,SDNLOG

INTZGER RESP(M)

DIMtNSION A(N), B(N)y CUIN), ITM(M)

USES MAXIMUM LIKELIHOOD LOGISTIC SCORING ALGORITHM AND RESPONCE
MODFL

FISFCTION IS USED FO PROVIDE THE INITIAL GUESS FOR THE
NEWTON=RAPHSON METH00

CALL BISECT (FDDLOG4RESPyAGRyCeMyITM4E,GUESS)

CALL NEWTRAP (FDOLOGysSUDLOGyRFSPyAyRBCoyMy ITMyMAX,FEPSyNUMITS,yGUESS
1THETA,SDRV,IFAIL)

IF (IFAIL.EQ.2) 1,2

NEWTON RAFHSON DID NOT CCNVERGE

CALL NWTEPR (THETA,SDRV,SEM,TINFO,EXPTOT)
RETUPN

CALL LGSTAT (Mg 1TM A ,B CoTHETA,TINFO,ZXPTOT)
SEM=1.0/SQRT (ASS(SOFV))

RETUYN

END

FUNCTION FDOLOG  (RESPyITMyAsHsCyM,THETA)
INTEGER RESP(M) ,RIGHT

DIMENSION A(M), B(4)y C(M), ITM(M)

DATA XMAX,XMIN/200.04-200.07

DATA DeRIGHT/1.7417

CALCULATES FIRST DERIVATIVE OF LOG-LIKELIHO00 FUNCTION OF A
RFSPONSE VECTOR FOR THE LOGISTIC MODEL
SUM=U.0

DO 1 I=1,M

IF (1TM(I).EQ.0) GO TO 1
X=0D®a(L)*(THETA=-B(I))

IF (Y LT XMIN) X=XMIN

IF II-GT.IHIXD X=XMAX
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EXr==XP(X)
At =A(I)V*ExF
SUM=SUM=AF /(£ XF#1.0)
IF (PESP(I)eNELRLIGHAT) GN TO 1
CF=C(])+EXF
SUM=L5UM+AF /CE
1 CONT1INUF
FNULOG==1,7*SUM
Re TURN
END
FUNCITON SONLOG (<SPeITMeAHCoeMTHLTA)
IM1 "GeR FESP(M) gRIGHT
DIM nLION ITM(M), A(M), B(M), C(M)
DATA XMAX,XMIN/200e(39=200407
OATA DgyRIGHT/: 741/
Ceex  CALCULATES SrCOND OERIVATIVE OF LOG-LIKTLIHOOD FUNCTION
4 C*** O0NF 4 RESFONSL VECTOR FO® THE LOGISTIC MNDEL
SUM=L,.0
DO 1 I=1.™
IF (ITMUID).EQ.O0) GD TN ¢
X=D*4(I)*(THETA=-B(T))
IF (Y, LT<XMIN) X=XMIN
IF (X GTeYMAX) X=XMAX
EXF=-XP(X)
AE=A(I)*LXF
SUM=SUM=A(TI)*Ac/7( (1. 0¢EXF)®(1.N+EXF))
IF (KeSOPUI)NESRIGAT) GO TO 13
CE=C(I)+EXF
SUM=SUM+ACI)*C(I)*AE/(CT*CE)
1 CONTINUE
SNULOG==2.89*SUM
RETUEN
END
SUHBRDUTINE RISECT (FL14RESPJAGRaCoyMyITM,NITER,AMID)
INTEGER RESP(M)
DIMFLSION A(M)y B(M)y C(M), TITM(M)
C*®¥ CALCULATES APPROXIMATE ROOT OF F1 8Y BISECTION®
C*** RISECTING NITER (NJMBER OF ITERATIONS) TINMS,
Ce** gGMIU IS BeST CURREINT GUESS AT ROQT THETA

C*** INITIALTZE LEFT BOUND AND F1(3NUND) AND RIGHT SOUND F1(BOUND)
BL=‘500
BR=5,0
BMIN=0.0
TL=F1(RESO, IT". A.B'C.H.'n.)
TR=F1(RESP,ITM4A4B,CyM,yAR)
C*** TEST FOR NO ROOT IN INVIERVAL=--RETURN IF NO SOLUTION
IF ((TL*T1P).GT.0.0) RETURN

: C*** NOW CALCULATE BISECTIONS NITER TIMES
DO S 1I=14NITEFR
TMIN=F1(ktSPeITMyA4B,CyMyBMID)

IF (CIMID®*TL) GV .0.0) GO TO 1

C*®* REPLACE RIGHT BOUND WITH BMID

e

BR=MID
: 60 To 2
4 C*** REPLACE LFFT BOUND WITH BMID
> 1 TL=TMID
E BL=4MID

C*** FIND NEW MIDPOINT 3MID

BM10=(BL+8R) /2.0

CONTINUE

RE TUSN

END

SUHROUTINE NFWTRAP (F14F2,RFSPyA34CoMy ITMy NITERyEPSyNUMITS,GUESS,
1THETA,SORVLIFAIL)

ir
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INI-GER KESP (M)

DIMENSION A(M), HIM)y C(M), TTM(M)

CALCULATES THt KROOT OF F1 GIV:N ITS FIRST NFERIVATIV- F2
AND &t INITIAL GUESS USTNG NEWTGM=-RAPHSON MFTHOD

IH: TA IS APPR, TO THE ROQT: SNy IS FZ(THETA)

NUMTINS=0

ITHLTA=GUES S

LOGP UNTIL FRECFFL OR NIMAEQ ofF JTT1SRATIOND AR COMt S TCO LAFGH
FORV=ELIR SO ITMyuyQyCe My THr T4)

SOMYZE2(N 5Py ITMel gl gCqg 143THETR)

LCIazENRY/ZSIOY

THe Tu=THE 1A=~ @

AUMIITSENUMITS

XTI LOO® CrITERICH

IF (ENUMLYSLY NITLH) VD (ARS (- FRD) 6T EPT)) GO TN L
END LUORe  TelT KGR CONVERGE LY AND SET IFAIL

ItafL=n

IF 23S (E~R) LT LDS) S TURN

NFATLN RAFHELY METHNOD DNES NOT CUNVLRGE

YRall =1

LS BPE N

£ MY

S DOUTTr. Wl R (THe T345F 0 “eSuMel INFOGE XDOTAT)

3PV v~ VALUES SUK IME UASE It AHICH NiWTOr, SADPH_UN FATLYS
O P NYE RGE

(I R g PR B

3 F U 22995 39

G Mz= 40,0y

L ENS V==hY 42

(S Az el 49

KE S S

.l')

SHETCFIN LOSTAT (tglT 4,833, %¢TH TA4TINFQ"XPTCTY
% SSToON B(MYe PUEYNe SEMEg 1TY0H)

NAFA XMAXXEIYN/1cedg=L260)0
TIne =060

Al b [

<N =9

DY L 12 ie

EF (1MUY o Gal) 52 TO

KO 12X T+

RE Gtz ey S F¥N(TYRUIN-TA=-CTY)

[F (s BGU T XMAY) ApGUSYMAY

LE (a6 LTex“IN) ARGH=YMIY

ORI 0LeTI=CUINIP(Leii/(La0¢E (P -5U)))
1=1e =P

PANGE LD (=Av)

Ve 1u-2F ARGZ((1e0¢ ARGI*(LeNe-AY)
DO P, =00 ITME¥ (1, 7=C(I)VYRA(TI)*LLT7
PINF ST IRFOe (P PR ¥ Pen (M) /(0 %))
XM =TT e

CONTINUFE

YOzt Xx=TT/K0. T

Ch Jrren

END

SUSIUTIN . MAXLNU (rE P e lTgMeNg by Jo0g 4aY 4 C G THE TAGSNE Vg IFA (Lo T I

LFNy TYRINTGNUMITS, 35M)

XTI NAL FONOGY L SDNCGY

INTr Lo R RESP(M)

NIM *STION ITMINDG AUCNDe YIND, (M)

Yo rAYIMgM LIKLLTHOUD) NORMAL caTVE SCORIMG M GOTLTuv aNp
Veoaklise VTOTLR

WIS CIION IS ULSED YO PRAYINDS VM4 TMITIAL GH=SS FOC Te™
NEWATE RASHOON M THON

M 203 DS N

~

L®DND NE AN




-0 (9]

n O

Cres
cees

Ces»
c...

e

-71-

CALL BISECT (FDNOGVRESCAsRyCyMyITMyS,CUESST)

CALL NEWTRAP (FONNGV 4 SDANCGVeRFSPaA4BeC oMy ITM MAX 4 FPS,NUMITS,,GUESS,

THETA,SDRVL,IFATIL)

IF (IFATL.EQ.21) 1,2

MEWTON RAFHSOr: DIND NOT CONVERGE

CALL PWTERR (THETA,SDRV.SEMy TINFOLEXPTQT)
Rt TURN

CALL NOSTAT (M ITMaAaHy "o THETAZTINFO,EXPTOT)
SNFV=ABS (5DRV)

SEM=1.0/89T(SORV)

RETUSN

=ND

FUNCLLON FONOGV (RESPo1TMaA¢BCyM,THETA)
INFr(rR KRESP(M) 4RIGNHT

ODIMENSICON A(M), B(M), C(M), ITM(M)

DATA PI,KIGHT/3.141592,1/

UAIA XHAX,!MIN/T.Z.-?.D/

CALCULATES FIKST 0O -RIVATIVE OF LOG-LIKELIHJOD FUNCTION
A RPESPONSE VECTOR FOR THE NORMAL 0GIVE MODFL

SUM=,.0

ROOTPI=1.0/SQPT(2.0%P1)

0C 2 I=14M

IF (1TM(I).EQ.0) %2 TO 2
TEMP=A(I)*(THETA-RB(I))

IF (1eMP.GT XMAX) TEMP=XMAX

IF (1eMPLT XMIN) TEMP=XMIN
X==(ILEMP*TEMP) /2.7
ONMSAT=RCOTOI*A(IN*(1.0-C(IV)*EXP(X)
DENOM=C(1)+(1.0-C(I))*CAFNITEMP)

LF (ReSPU1)LENWRIGHAT) GO TO 1
DENQOM==(1,0-DFENOM)

SUM=SUM+ (1INMRAT /D NOM)

CONTINUE

FONQGV=SUM

RETURN

END

FUNCTION SONOGV (RrFSPeITMeAs34CeM, THETA)
INTFGER KESP(M) 4 KIGHT

DIMENSION A(M), B(4)y C(M), ITM(M)

DATA PIZRIGHT/3.141592,1/

DATA XMAX XMIN/7ela=7.037

CALC!'LATES SECOND DERIVATIVE OF LOG=-LIK:LIHOOD FUNCTION
OF A RESPONSE VECTOR FOR® THE NORMAL OGIVE MOODFL

SUM=L.0

RNOOTPI=1.0/SQRT(2.0°*PI)

N0 2 I=1.M

IF (LTM(1).EQ.O0) "GO TO ?
TEMPLI=A(I)*(THETA=-R(I))

IF (1EMP1.GT.XMAY) TEMPI=XMAX

IF (1eMP1,LT.XMIN) TEMP1=XMIN
==TEMPL1*TEMPL1/2.0
TEMPZ=ROOTIPI®*(1.0-C(I))A(])®*XP(X)

FIRNUM=TEMP2R*TEMFZ

SECNUM=TEMPZ*A(II*TEMPL

SDENOM=C(I)+(1.0-C(I))I*CDFNITENPY)

FOENOM=SOENOM*SDE NOM

IF (PESPUTI)EQ.RIGHT) GO TO 1

FDENOM=11,0=-SPENOM) * (1,0-SDENOM)

SDENOM==(1.0=-SOENOM)

SUM=SUM= (FIRNUM/FOENQOM) = (SECNUM/SDENOM)

CONTINUE
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SONLYESUM a7
ETTUYN 28
L N0 29
SUM=0UTIN: NOSTAT (MgITMgA R G THITAGTINFC, " XPTOT) 5 4
DIM HUSTION A(MY, M(M)y CU(M)y 1TMIM) 2
carn I‘MX.KHII‘IT..’.-T.UI 3
NAlG 7L/ 44161502/ A
ITHF =00 5
FXPTOI=], ) 4 s
K7 11=1 4
£ q
NGy . 131, Q
IF (1IMUI)etNR.0) €O TG ¢ p i) .
KoL TKOUNTH2 .
T: M2 t1)*(TH1A=0T)) 12
LF (1 ™M2,6T,X18X) Tt MP=(MAX 13 |
TE (1 MO LT XMIND TEMP=YMTY 14
L Pl #01e3=-ClIVIYCOFN( T ¥P) 15
Nl =0 i
TP M m=Tt MERTEMD/Y O 17
PO e 201 J/SONT (e o JESTIVI® (1, )=0(LY V2L (T )P VYD(TEMN) b
TT r STLEENS(2PRTU-¥PIDIMT) /(%)) 19
PXDT =TS [T 60 22
3 {361 0 B 5 1] P §
! XD VEEe gL T /KQUNT or
; T RIS 22
: - i) 2L

RERUP——
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APPENDIX E
LINPSCO FORTRAN PROGRAM LISTING

PRUGAAM LINPSCO (INPUl,OUTPUT,DATA,IP00L, TARPE1=NATA,TAPr2=IP00UL,TA
LPE Sy PUNCH)
L R Y Y Y T

DEFINITION OF VARIARLES USeN IN LIIPSCO

I=TH: TAt THE ABILITY ESTIMATE

ITEM: AN ARKAY OF THE TTEMS IN THE ITEM POIL

INUPT  THE NUMHER JF ITCMS IN THE ITFM 200GL

At AN ARPAY GF TH- DISCRIMINATION PANAME 1+ 2(5) ASSICIATED WITH

tACH ITEM
R: AN ARRAY NOF 1HE NIFFICULTY PARAMETFRS ASSOCTATEN WITH EACH ITEM
MAXCaTt NO, OF Kr-SPONS- CATEGORIES MINUS 1 FOR THr ITEM IN ThZ
ITHM POOL wWHICH HAS TH: MAXIMUM O, OF RESPONSE

CAIFGORIES

INAN: AN ARKAY OF THr 1TEMS WHICH HAVE BETM LOMINISTeRED TO ALL
SHBYECTS

M2 1HE NUMHE® OF TTEMS IN THE TEST

A0M ARD BOMt THt AGRRAYS OF PARAMETERS A4SSOCIATTO WiTH THE ITEMS

IN INZD

INADNE AN ARSAY OF THE ITEMS USED 10 CALCHLATE THeTA FOR A GIVEN
SUBJECT (INADS=INAD=-(REJECTION AND OMISSIONS) WHERE IN S
OF FEJECTEU OR OMITTED ITeMS ARE SET T9 ZFEKQ)

IRt SHt  THE RLSPONSE VECTOR Ak THE CUPRENT SUHJECT

NCAT: AN ARRAY OF THr NUMBER OF RESPONSE CAT:GOFTES MINUS 1 FOR

cACH ITEM ADMINISIERED
PERCHTY SzRCENTAGS OF TTEMS ANSHWERED H4Y A SURJECT FOR WHICH THE
ILST ke SPONSE HAS BEFN CHOSEN
Dt A& CONSTANT US:' D TO CHANGE THE METRIC OF THF LOGISTIC GRADEO
MOUELe D=147 07 103 THE DOrFAULT VALUE IS 1.0

QOOCO0OCOO0O0OO00OON0OCOOO0OCO0O0000O00

X R R R R R P R R R R R R R R R PR R R R R R R R R R R R R S R R R R R R SR S R R R RS R R R R L X ¥
COMMON D
DIMcASION ITEM(10O)y GC10G4100, R(100,127), INAND(L100), IREJ(L0I), I
1RESP(L00), ADM(1CJ,10), BOMC100,10), NAME(?), IFORM(8), NCAT(1020),
2 IrovM1(8), INADS(100), DESC(?4)
INTEGLER CPT1,0PT2,0°%TWy ADIM,BNIM
N=NC=C
Ly R R R R T Y
5+ ¥
CRFAD OPTIUNS AND PROGKAM PARAMETEF FROM INPUT FILF DATA IS ON TAPEZ *
[ . ind
c.......‘...‘.......‘..."..‘........‘. X R R R R R R R R R R R R R R R P RS R A S ]
IPO0OL=2
READ 30y INUPyMyMAXCAT,O0PT1,0PT2,0PT4y0D,I0MIT
CALL CHKIND (INUP4M,0PTU4)
IF (DeNE«l1.7) D=1.°7
READ 33, (IFORMLI(I),I=1,8)
READN 824 (NCAT(I),I=1,M)
Ce** INPUI ITEMS AND THZIR PARAMETERS
IKI=AUDIM(MAXCAT ,0FTL)
K=8N]IM(MAXCAT,0PTw)
00 1 I=1,INUP i
1 READ (IPOILyIFORMLI) ITEMIING(A(IoJJ) oJJ=13IKIN(B(IvJ)eJd=14K)

READ 31y (INAD(IV,I=1,4M)

READ 324 (IREJ(I)sI=1,M)

READ $3, (IFORMU(I),I=1,8)

READ 34,4 DESC

PRINI 854 INUP,My IOMIT,O0PT1,0PT2,0PT4yMAXCAT,Ny IFORML1,IFORM,NFSC

C*** [HOSt ITEM ID S WHICH ARE IN THE REJFCTION VECTOR WILL BE SET
C*** [0 (+RO. ZFPO ITt™ ID S WILL BE SKIPPcD DYRING COMPUTATIONS
00 2 I=1,M
2 IF (IREJ(I).EQ 1) INADCIN=0
IF (0PT2.EQ.1) GO TO 10

DENDNE AN




- Hli
c 67 ‘
C*** SEARCH FOR ITEMS AOMINISTERED IN POOL 68 ;
D0 9 J=i,M 69
IKI=ADIM(NCAT(J),0PT4) 70
K=BDIM(NCAT (J),0PT&) 71
IF (INAD(J).NE.O) GO TO S 72
C*** BLANK OR REJECTED ITEM FNCOUNTERED 73
00 3 L=1,IKI 76
3 ADM(JsL) =040 75
DO & L=1,K 76
6 BOM(JsL) =040 _ 77
60 10 9 78
5 CONT INUE 79
c 80
DO 4 T=1,INUP 81
IF (INAD(JY.NELIT:M(I)) GO TO 8 82
DO & L=14IKI Az
b ADM(JLLI=ACTI,L) 84
DO 7 L31,K e
7 BOMJ,L) =4 (I,L) 86
60 TC 9 87
3 CONTINUE 88
INAD(JI=0 89
3 CONTINUE 91
60 TC 18 91
c 92
Ce*® ALL ITF4S IN POOL HAVE AEEN ANMINISTERFN SO POOL DOcS NAT 93
Ce®* NEXD TD Br SFARCHI D 9
26 06 12 T=1.M 95
IKI=AUIM(NCAT(I),02T4) 9
K=RAIM(NCAT (I),0PT%) 97
00 1: JU=1,IKI 98
11 ADM(1,J0)=8(T,J40) 99
N0 12 J=1,% 100
TOM(14J) =0T 4J) 101
: 12 CONTINUE 152
] B 103
¢ 104
C*®*  PUNCH THE ITEM PASAMETETS EXTTMATLS CORPESOINDING TO THE TTIMS 105
Co®* LN Ter TEST 106
13 IF (0FT1.NE42) GG TO 15 107
NG 14 I=1.M 1908
18 (LLANCI)GFGL0) 50 TO 14 109
[K1=A0T4(RCAT (L) 40T G) 112
K=401MENCAT(T) 4 0PT 4) 111
PUNCH 364 INANCI),TREJCT), (ANMUI,UJ) 4JJ=1, IKD) 112
PUNGH 374 (AGMII4J) 9J=1,4K) 113
i CONTINUE 116
c 115
c PRLUL OUT THL ITEMS AND THEIR PAFAMETERS 116
15 00 ir ITI=1,M 117
IKL=ANIM(NCAT(111),0PTa) 118 '
K=3GIMINCATCIIINGPT4) 119
PRINT 39, IMAD(III)¢IREJC(IIT)(ADMIIIT4JJI)JJI=1, IK) 129
16 PRINI 4Oy (ROM(LII,J) J=14K) 121
PRINI 43 122
c.‘......‘l‘.....".....'....‘......‘....‘......'.."..'..‘.l‘.....'... 123
cees . 124
C***  KEAG SUAJCCT FROM TAPE1, CALCULATS THFTA, LOOP BACK 10 300 UNTIL® 125
C*** THEt: ARE NO MORE SUBJECTS TO SCORE . 126
Ceer & 127
c‘....’..'l.“......‘..‘.‘.."‘. X R RS I R R R RS SRR R R RS R R A AR AR R RS R R R 2 2 X 1 2 12.
N=0 129
17 READ (141FIRM) NAMZ IO, (IRESP(I) 1=1,M) : 130
I0=UNIT(1) 131

IF (10.LELT) GO TN 18 132




SR

%
&
$
3
?
b
[

13

Cees

(@]

Cees
19

cess

20

Cr**
21

22

oN
w

QOO0

L 22

25

25

cess
27

Cess

=755

PRINT 38, IO
IF (10.5Q.0) GO To 29

CHECK FOR VALID RrSPUNSES AND FOR SP+CIAL Rt SPONSF VECTORS
CALL CHKRSP (IRESPy IOMIT,INADyNCAT,M,NAME 4T, TNADS)

CALL CHKVEC (IRESP.INADS NCAT M, ICHK,NBEST,NANS)
60 TO (19420421423), ICHK

ALL LTEMS OMITIED

PRIND 45, NAME,ID

T==-%50.00

PERCKNTI==5040C

GO To 22

ALL “czSPOANSES INCORRECI

PRINI 464 NAME, ID

1==10.9

PERCNT=0.1

G0 10 22

ALL ~rSPUNSES COkr:ICT
PRINI 474 NAME,LID

T=12.C

PERCNT=1.0

SFORM=0

o U

NUMITIS=0

TINF3=0

.o

G0 TO 28
CONT LNUE

PERCNT=FLCAT(NBEST)/FLOAT(NANS)

NET-FMINE WHICH MODSL YN USE

IF (UPTWL=2) 24,425,426

CALL LOGRAD (IRESPyADMy9CMoMyNCAT,INADSe« 0103y SFORM, IFAIL ToNUMT
1TS,TINFO,SE)

GO0 TO 27

CALL NOGKRAD (IRESP,ADMyROMyM NCAT,INADS+¢001450¢SFIRMyIFAIL,yToyNUMI
1TSsTINFO,SE)

GO0 To 27

CALL NOMLOG (IRESP,ADMy IDMyMyNCATyINADSy« UDLy504SFORMy IFAIL s ToNUMI
1T1SyTINFO,4S)

OUTPUT RESULTS TO TAPES
IF (IFAIL.EQ.0) GO TO 28
CONVLRGENCE NOT ORTAINEN
PRINI 41, NAME,ID

NC=NC+1

WRITE (
N=N+L

3942) NAME G ID¢PEPCNT oV ySFC2MgNANSy NUMITS,TINFQ, St

G0 TO 17

PRINI &Luy NyNC

STOF

FORMAT
FORMAT
FORMAT
FORMAT
FORMET
FORMAT

(2T4yT1421191X9I19F5.2,27¥%,12)

(1615)

(8011)

(84a10)

(8A10)

(TS0 *LINPSCO® 47 ,T50%======%,//////+T20,*LINCEAR POLYCHOTOMNU

1S SCCORING WITH TWO PARAMETER MODELS®¢/7/74T4)*PSYCHOMETRICS METHOD
2S PROGRAM®*,/,TLO®DF PAFTMENT OF PSYCHOLOGY®*,/,TGO*UNIVERSITY OF MIN
INESOIA® /s TLO*MPLSe MINNe 55455%,//7/74T20,%INUP® T27¢%=%,14e/,T720
Lo P*MMAX® G127 3%=%Ue/ e T20«*TOMIT® T274%=%,TUe/«T20%0PT1%,T27%=%]Le/"

133
134
135
136
137
133
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
1¢7
168
169

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
130
191
192
193
196
195
196
197
194
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20209¥NPT2% ,T27%=% 14/ 3T c0*0UPTL*,T27%=%,104,/,T20,*MAXCAT?®*,727,%=#,] 199
Bh g /T g D* o T27 ¢*=*yFlols/T27,*VAFTABLE FORMAT®*,* FO® POOL =*,4A10, 200
7/TZ0,*VARIABLE FORMAT FNR DATA =%,3A10,/T720,8A10,/T20,%A1047/,72348 201
3A10) 202
$h FORMAT (1541Xe124cX,10Fk,2) 203
57 FORMAT (10FF ) 204
38 FORMAT (®*PARITY EX20R O% TAPE®,1(3iX,sI2) 205
39 FORMAT (/10X *ITEM 1D = *,I65, X, ¥QEY. CTION =%,13,/1.X,%At *,10F6, 206
12) 207
Ll FORMAT (12%.*0Bt  *,10F9.2) . 204 ;
L1 FORMAT (17X, *CONVL2GENCT NOT I8TATNED FIR SUBJECT =%,.410,% 1IN =%, 209
1A9) 212
Le FORMy T (1Y ychAigAd4F S slF7acalbyaTuylFc7,2) 211
43 FORsY (2777) : 212 ]
b FOREAL (10X *CASE PEDLD =%4T5%%  CAS-S NOT COMEPGE) =%,15) 213
45 FO®Mol (1IX, ®*ALL ITcMS OMINTED FG- SUBJYCT =%,2010,% ) =¥%,A49) 2146
U] FORALT (17X *SURY ST =%,2010 4% T =%,493,% 425 ALL ANSWFE?S I"*,*COPR 215
1RkFCT*) 216
L7 FORMAOT (10X4®*SURJE T =#,2A81N0,% [N =%,49,% HAS ALL AWOWZESS CIF*,%RF 217
LET%) 218
N 219
[M1- GER FUNCTICN AZIM (MNMUMCATLN2TY) 1
INI 6 R UTTG 2
ceRER b emInbt, THe NU'3ER DF A PA-AM-TIRS FOR A GIVFN [Tewm 3
ANIM=1 4
IF (02PTWe-2e3) AUIM=AUMOAT 4+ g
LR RAEIN 3
+ ) 7
INT-6Ge® FUNCTION 1lM (PUMCAT,D%14) 1
INT-GH2 0FTG 2
C*® D l-"FItes THED NUMAER GF ! DATAMFTECS FJ2 A& GTVEHL LIEM 2
RO IH=ryMGLl 4
iF TS e=2ed) 3DLVM=NUMTAT 42 5
’..»']I".I (<4
-p$in) >
T4 GT IR ChHKINE (TNUR M ORT L) s
[958 GhTh 2
SYRE S ks F (e SRUERS TN THE . TRSUT 35T z
C¥®® ¢ 3¢ F2wfx IS FCUNMD, A MFESSAGL 1D PRINTEN AN THF -&0G-A™ A
CreEs. LaEy s
) B 7
& CIMUF LSS 00N Y JEY q
Dl.l\] “+y I\JI'D 9
JER=: 13
1 IF (L7 oINUP) GG TO 2 11
BRIV S¢ MyINUP 12
LExo=y 13
2 IF (1elZeNPTueNLIPTL LEL3) = 17 2 16
DL IV A, N2T4 15
[ RE=" 16
b IF tle2Setdedl) STOP 17
wi Tt 13
S 192
c [
& FORMAT (17 Y *INPUT s RWU~S MO, NOF IT-MS IN [T°M PNJL =%,15,71.X,%\ " 8
! 0« MUSTE Ev glhfs 100%) 2?
ﬁ 5 FORMAT (10X *INFUT koGt M0, [T+MS ADMINISTIRED =%4154,/2CXe*N0, 23
1 IMYST BE Jbre NOWw LF TTESS IN TheM BOIL =%415) 24
5 FORMET (10Y4%INOUT ERENVE  OVTTON & =%4J34% D035 NOT CIVRES®*4*PANND 25
L2 T3 GRY G+ THL AVAILAAL: veSPINSE MCIFLSE) 26k
LN 27
SUANUTING NOGPAD (IRF ST A4y IITEMSyCAT, INADGEOCS ¢y MAXIT,SFORNGIFAT 1
IL o THY PAGREMITS TINTCG5E) 2
SXTe e AL FNRVA0,SN2VNY 3
DI4: 15TON TSESPULLT) e ACL0uetT)y “(20Ges0)e NGATC202)s INADC(ILI) 4




s )

crex
Cexs
CEee
- (R

ces*®
Cees
Cers

Cess
cees
Cess

cess
cess

cees

<77~

CALL RISECT (FORVNN, IrE TP, Ay AgNITFMSGNCAT , INAN,5,G6U=S5)

CALL NEWT<2AY (FORVUNOGSURVUNODGIPFSPEAg 3g NITFMSNCAT (INADGMAXTI T4 PSyN

JUMITS,GULESS, THETA, SNRV, TFAIL)

SFORM==-SDYY

LF (IFAIL.EQ.L) GU TO 1

CALL NOINFOD (Ag44MITEMSNCATTNAPR, TH-TA,T INFD)
SE=1.0/SQPT(ARS(SNRV))

RETURN

TINFC=-34,39

St=-4a,99

RETURN

END

FUNCIION IVALUE (JRESY,MCATY

CHzCKS RESBONSe FOR SPEOCTIAL CASES

IVALYE PETURNS o & o & IF IR:-SP I35 30 ST R7LPONSe
é IF ISP IS WORST 27 SPONEE
. OTHEPWTSE

ivaLuve=3

IF (IRESHK.ENe1) IVALUE=?

IF (1KESP.CNINCAT+1)) IVALUE=?2

RETURN

END

SUSROUTINE RCATL (A48, THETA, TMINBIGTMIN3L,2,-T070,4,2T7071)
COMPUTES VALUES NtCESTARY FOR THE CALCULATION OF TH: DERIV-
ATIVES OF THE NORMAL OGTVF GRANDEN MNDe L FUR THE SPcCIAL CASF
WHEM IRESE IS THE 3=ST PESPONSEH

TMIMN“0=THLTA=Y

TMINB1=0."7

Y=A*TMINBO

P=CNEN(Y)

tTOZCL=EXP(=-Y*Y/2.])

tT071=0.0

RETUEN

END

SUAKQUTIN: ~CATN (A,B lHETA, TMINBI,THIN314242T020,:7021)
COMPUTES VALUES NeCeSSATY FO? THE CALCULATION QF THE QEFP=
IVATIVES 0OF THE NG2MAL OGIVF GRADED *“CD°L FNR THF SPECIAL
CASc WHFN [v:,P I THE WORST EZSPONSE

TMINAG=],

IMINBLI=TH! TA=R

Y1=A®TMINNY

P=1.0-CNFN (YD)

eV0706=0.0

ETOZ1=EXF(=Y1*Y1/c.0)

RE TUWN

END

SUBROUTIN: SCRATOT (A NN oHLaTHETA,TMINEDy TMINIYWPLETOZNWETNZL)
COMPUTES VALUFS NECESARY FOR. THE CALCULATION OF DERIVATIVES OF
THE NORMAL OGIVE GHRADED MODEL FOF ALL OTHER CA3ES

TMINBU=THETA-BO

TMINBI=THETA-C1L

Y=A*TMINHC

Y1=A*TMINE1

P=COFNIY)=CDFN (Y1)

ETOZO=EXP(=Y*Y/2.0)

ETOZ1=EXP(-Y1*Y1/2.0)

RETUKRN

END

FUNCTION FNRVIO (IRFSFaTNAD NITFMSyNCAT A 43, THETA)

DIMeNSION IRPESP(120)y INADCLCGO), NCAT(10C)y A€100,10)4 R(100,10)
CALCULATES THL FI1/ ST OFRIVATTIVE FOR THE NORMAL OGIVF GRADED MOQOeL

[ el

-
O BN AF LN ANV D0 B ND NE NP ODDNDPAE NN NDINE WD 2.0 8 NN

.o

b
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SUM=(,.0

DO 5 I=1,NITEMS

IF C(INAD(I).EN.0) 50 TO S
K=IntSPOID)
JEIVALUE (K NCAT (I

GO 10 (14243)y J

IeeSe IS REST RESPONSE
CALL ~CAlL (A(Ie1)33(LyX)yTH TA,TMINAL,TMINT1,P,ET0ZC,-T0OZ1) -
60 TU &

IRESP IS WUPST RWHPONSE
CALL *CATN (A(Te1) oM (1eK=1) g THFTL,TMIN3IGTVUINTL Po=10Z4ETOZ1Y
6O 10 4

SLL UFREW RESPONS-3
CALL ~CAINT (A(Te1) oBUIoK) g UToK=2)IHETAZTMINAGY TMINBLGPyETOZIWET

9571)

CONT LNUE

IF (T EReYel) P=4.5201
SUYR=SUMEACLe 1) Y (ETIZ0-ETCZ 1) /¢

CoOUTINUS

FOXVLISSUA/5 T (e B*3014C)

S EVE

F8h)

FUSO L0 UNPUND (IRESHy INADGNIT M5 NCAT 443, THETA)

LIM-NSTION IRESPULLEY,y 1HEADCL3Y)y NCAT(L10G)e AC10Ce1.)y AC€10749:0)
CALTIILAT % SE00NG N=RIVATIVE FAC TYT NNEMAL OGIVE G2AQ=D MONEL

SU4=¢ .0
NOGTB]= L qL/SPRT (eGPl e )
9 = I=sieNITc™S

I FINADEEY.Ewed) GO TD 5
LD 8

JEIIvaLU= (C4NCAT (L))

63 I (L2305 J

IR=3p 15 HEST PES=ORSE
CALL ~CAT: (A(Le2) AT o)y THETAZTMINACWTMINSL P T275,-7071)
1

viab IS WIOST ¥ OANSE
TALL ~CATN (ACI010e (10 =1)oTHETA TMING Yy TMINAL P L TOL34ETOZ 40
GO Tr

ALL NS N RESPONSS

CALL “CATOT (A(Lgt) oB(LeK) oMl gKol) g THETAGTATINRY ¢ TMINTGLePWETN7IGFT
QzZiLh

GOYT K205

IF (920 sde ) O=CeEC 01

(L L) RUATPI®(ETO70-LTC71) 70

SlHM z=SIM 8T IM]

CUMZ== (A(T42Y%%31220010T8((TMINACEETNZ IV (THINBL*ET 23NV 70
SU4= 145,41 450UM2

COANYTINL

-
AR A PN LM VA

wE

' NCINFOU (Bg 3y IToMSGWNCATL] IADeTHETAGTINFO)
ANACSoCeleYy 402000tV MCAT(Z00) e INADCL10D)
YO ES INFCEMATION FOT GSANTN NJMAL OGIV- MINEL AT GTVEN
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ce¥®rx  YALUs OF TH-Ta R
C 5
TINFO=0,0 -
KOOTPI=145/SUrT (£aN%3.142) 7
C*** L00P CVER L[TEMS R
N0 S I=1,NITEMS 3
IF (INAD(I)eFGCeD) 30 10 € 10
c 114
C**¥ INITIALIZATIO -=-VALUES CALCULATED FOR FIRST CATCGORY GF ITEM I 12
: Y=A(141)*(THETA=H(L41)) 13
PO=COENTY)Y 14
P1=3,.( 16
ETO/ZUZEXP(=Y¥Y /2, 0) 15
. ET0Z:=0.0 17
KATGRY=( 18
g 13
C*** LJO0OY NVEK ALL THE CATcGIRIES OF ITEM T 20
1 KATGRY=KATGE Y +1 21
p=or.pq 22
IF (P.FQ.JeU) P=y.0001 27
FORVEZA(L,1)%~02T T* (L 1I2¢=£TO71) 24
FINFO=TINFO+ (FORVESFDNVD) /P 25
c 26
ETOZ1=ET02) 27
P1=PC 28
¢ 20
IF (KATGRY=(NCAT(I) +#1)) 24344 ; 30
C*¥#* CURRENT CATEGORY (INDERW NONSIDERATION IS NOT QM6 OF THE EXTREMES 31
2 YSA(T41) *(THETA=H(T,KATGRY ) ) 32
PO=COENCY) 32
ETOZUZEXP(=Y*¥Y/2,0) : 34- 4
G0 10 1 . 35 -
C¥*=  LAST CATEGORY OF AN IT=™ IS Bt ING CONSIUERED : 3A
3 PO=l.0 37
ETO76=040 39
GO 1O 1 39
C*** ALL CATEGORIES FO IT-M 1 HAV: HFLN SXAMINLO 49
3 CONT INUF L1
c 4?2
5 CONTINUE 43
PETURN 44
= NU 45
SUBROUTIN- LOGRAD (IRFSOgAeBGNITEMSGNCATy INANGEPS G NIT:-R,SFORM,IFAT 1
Ly THE TAGNUMITS, T10FD,S0) 2
EXYTERNAL FOPVLL.SNRVLL 3
DIMFYNGION IRESP(LL0), AC1C0410), 310041004 NCAT(100), INADL130) A
CALL BISECT (FDRVLL4INESPaAyRyNITEMS,NCAT 4 TNAD,S,GUESS) 5
CALL NEWTIRAP (FDRVLL ySURVLLy I®ESPyAyHy NITFMS4NCAT ¢ INADyNITERLEPS,N 3
TUMLTS,GULSSy THETA,SNRV, IFAIL) 7
SFIRM==S[RV R
IF (LFAIL.EN.L) GO TO ¢ 9
CALL LLINFO (Ay34hITEMS NCAT4INAD, THETA,TINFO) 19
SE=1.0/SORTIARS(SN2V)) 11
RETURN 1e
¢ 13
1 TINFO==99,99 16
i SE==-99,99 15
i RETUPN 1k
¢ END 17
i SUBROUTIME CALC® (IRESP,INADGNCAT,A,R, NITEMS, THETA,P) 1
? CNOMMGN D 2
DIMENSTION IRESP (1000, INADC100Y, NCAT(130), 3(L0C+10)s PC100+2)s A 3
1(100410) A
C**** CALCULATES UPPER AND LOWER © FOF EACH TTEM WITH GIVEN ANSWER VECT 5
DO & I=14NITFMS ()
IF C(INAD(L).E0.C) 30 TO & ?

P
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1
J=IRESPI(]) L} f
IF (J.EN.1) GC TO 1 9 i
PUIg1)=1a0/(10¢X2(=D*A(TIL1)*(THETA=B(TI4J=-1)))) 10 !
60 TN 2 11
1 P(I,1)=0.0 12
2 IF (JENINCAT(IN#+1)) 6N TO 3 ) 13
PUI2)=1aN/(10¢EXP(=N*A(TL1)*(THFTA=B(TI4J)))) 14
GO 10 & 15
3 O(I.7¢)=1.0 16
& CONTINUF X 17 H
RETURN 18
ZND 19 1
FUNCYION FORVLL (ICSPyINAUGNITEM S NCATA43,THLTA) 1
COMMCN D 2 -
DIM-NSION 2(10N042)y A(170410)y HO100413)y TNANC100YV, IRESP(ICO)4 N 3
1CAT (20D 4
cEax CALCULATES FIFST D PIVATIVE OF LCG=LIKE FUNCTTION 5
SUM=C.0 6 y
CALL CALCF (INFSPaINADy NCAT ARy NITEMS,THETA,D) 7 |
N0 ' I=1,NITEMS ]
IF (INADUTYEN.O) GO TD 1 v
SUM= UM+ A(I¢1)*(1.0-P(1,1)=-P(1,2)) 10
CONTINUE : 11
FORVLLESUMRD 12
RE FURN 33
s N 14
FUNCETIAN SOPVLL ([2F SPaTNADGNTTTMS NCAT A4, THETA) 1
covan 0 2
DI1 *SION P(100e2)e A(LUCGelnN)y (190,100, INANCL100), IRSSP(1.0)4 N 3
1CAT(129) 4
SEe¥  CQLOCULATES SECONND DERIVATIVE (F LOGLIKE FUNCTINN €
sUM=4u,1 L
TALL CALCHF (T2eSPeTMNANGYNAT ¢y MITEMS,,THETA,P) 7
N3 1 I=S1NITEMS 8
LF (1%MaN(I)«EQ.T) 53N 10 4 9
J1=1.0=9(1,2) p 4
N2=1.3=P(1,4&) 11
PLlz=-(142)=P(141) 12
NIFFi=2.0%01=240 >
NTEF =2 U*Ac=1 0l 16
wisw(iel1)*l 15
RF2=142)%22 1€
SUMZSUMS (ATt )®% /01 )8 (=NIFF % 14N]1FF2%- = ((NLl=kZ)**)/0]) v
1 CCaTINuE iR
NPyLL=N®*;*SUM 19
WE TV e9
=N o
SUSONUTTIAN. BCAT (ueP g IH TAGTT My NIIMCAT 4 2L OWF 24PYPOL ) 1
COAMMI 4 D ?
ODIM SI0OK 3(100620) e HFLITR=RILT), PUPPER(10) ?
Pty CALCULATES &5 FO- ALL cSPOAN'E CATFGORTIES OF A GIVAFN [ITEM G
c 5
OLGW-Y(1)=3.0 €
N0 @ I=14NIMCAT g
PURLE 2 (I)=1e0/(1e  ¢TXO(-D*A*(TH-TA=R(IT M, I L]
OLIW F (T #2)=PURPPE (]) 9
3 COIMT I HUE 10
PUBPE w (NUMCAT#1)=1,0( r 5 4
wel I 32
END 13
SUS=CUTTIN LLINFO (A PITEMSGNCATGINADGTHFTALZTINFO) 1
COMMON D 2
DIM-HNSION ACLGCeiC) s =0Z00417)s NCAT(100), TINODC10O) 3
DIM-NSION OUPFER(1C) g PLOWER(10) b
cess COMTES LWwFOEMATION FO2 THE GRANDFD LOGISTIC “ODEL AT A GIVoH s
AT re VALU> OF THETA LY
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Cee=

cess
Cess
ceex

e
ceer

-

TINFU=0.0

|3 T SLgNITEMS

IF tINADII) 20,00 50 VYO 2 .

CALL PCAT (A (Tg1)s 2 THETAGTZNCAT (1) 4P L URWL O, 0UFPF)

LOO? GVER ALL THE QESPONSc CATEGGC-IES OF IT=M I
NCATE G=NCAT(]) +1
G0 L J=1MCATEG
NUPI «=1=-CJFPLR(J)
ALUA»F=1=LORER (J)
PERUOMEI () =PLOWEY ()
1F (P.FEQelTel) P={eN3d01
FORVP=N®R ([, 1) *(PIORPEN(J)IFQUFZ R =PLOW- RIJ)*ILOIWNFK)
FTINFOSTINEJe(FORV *EDy2) /0
CONT LMUE
CONT LNY:
RPN
“r)
SUSKFDUTINS RGULEO (IR-0 D eAeBa (ITi MGy NCAT g THADGEISaMAXIT o SFORMGIFAT
Lo TAGNUMITC,TINFO, 58D
CXTrwNAL FORVANL
DIM-2SION IFLSP(1.0)y AC1306230, 3(200420)y NCAT(10]), INAD(1uD)
CALL “ATSECT (FORVIL G I1-2 i PeBg Uy NITeMS NCAT 4 THANGG,GU . SHT L G!IESLNO)
CALL SECANT (FORVAL, 1-55P Aq Mo NI T-MSGNCAT g INHADGMAXIT =935 ,GUESHI,,GU
1eSLOGWUMLITSeTHETAZSNRV,,IFALIL)
SFJrM==502V
1F (IFAIL.tCsY1)Y GU TO 2
CALL NLINF) (Ag 3 ITEMSGNCAT,, TMAa TH=TALT1NF)
SE=1.0/SUFTILARS(SIOY))
RETHULN

TINFON==9Y, )9
St==-1449,39
MET
e N
FUNTIION FOFVARL (I SO INADGMITEMS NCAT gAy 1,THETA)
OIM: RGION IRPESPCLI03),y LNADCLO3Y, NCAT(L170), ACL00413)6 8(€103,410)
CALCuULATe s FINST NERIVATIVE OF NOMINAL LOGTLTTC FUNCTION
NOTe ¢ FOR THIS MODELe THD A AFR:- THE SLOP- PARAMETERS
AND THD 95 ARE YHT INTERCEPT Pat AMETE S

SUM=({,0

DO 2 I=1,NITEMS

IF (INAN(T).ECLO) GO TO 2

XNUM=yed

JENOM=0.0

MUMUAT=ENCAT(T) ¢4

N0 L J=14NUMCAT

CONGI=A(LIRESEP(IN) =A(] )

ARGZL(T ¢ JI®THETA®H(T 4 J)

EZ==YP (ANG)

YNU 1= XNUMe CONST *t 7

DENIM=DENCHeF 7

CONT [ NUE

SUM=LUMeXNUM/ZENOM

CONTINUE

FORVLL=SUm

RETUYYN

END

SUBRUDUTING ALTMNFU (Agng SITEMS NNAT G IMADG THETALTINFO)
DIMSNSTION AC1TU910) e 0 L0I9100, NCAT(10J), INARDC100)
DIMELSTION E010)

COMPOTIES INFCFMATINN 0% THF SOMINAL LOGISTIC FUNCTION AT A
GIVLN VALUz OF THLTA
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H
IINFO=0.0 7
C*®** L O0OP OVEK THE ITEMS 8
00 & I[=1,NITEMS 9
IF (INADU(I).EQ.Q) 30 10O & 10
NCATHG=NCAT(I) 1 11
c 12
C*** COMPUIE THE DFNCMINATOR USED TO CALCULATE P AND THE FIRST 13
Ce®® (EWRIVATIVF OF P-=-IT IS THE SAME VALUE FOR ALL POSSIBLE RF- 14
C*** SPANLES 10 ITeEM I 15
NENOM=0,0 . 16 .
DO 1 X=14,NCATEG 17
FAKI=FXO(A(IK)PTHETA+RITILNK)) 18
DF NOM=DENOMHE (K) 19
i CONTINUE 3 2n
(>4 21 .
Ce*s® QUM (OVER ALL FOSTIALE PFSPONS-S 22 3
U $ JT1,NCATEG 23 1
P=-(J)/DENOM 24 1
5 25 §
ce*® CALZULATE THE FIRST DERIVATIVE JOF P 26 1
DA VINIMZT L) , 27 i
no ¢ K=1".Cl\Tt(- X 2%
J2VNUMZDRYNUMSE (KY* (A(] L J)=B8(T,K)) 29
2 CONTIHUE 32
FNRVO=(E (J)*D VNUMY 7 (D CMEN-NNM) 31
c 32
TINFC=TTNEOS (FNRYOREDS YD) /P 32
3 CONT INUZ 34
A CONTINYS 35
[ R 34
S 3T
SUN~IT TIN. CHEWSE (IRES,TUMITZINADGNCAT,NITFMS,NAM- 41D, INADS) 1
JTM- P SINN ISE5P(L 1)y INAD(L30), NCAT(100)s NAME(?2), INAPS(LyQ) 2
Dbl DELL 1S OMITTED LVI-MS FOF A SUSJECT FFrOM LIST OF IT-MS ___ 2
C*®% pOMIPISTEYEDN (PESHLTS ®eTUrNLL IN INADSY AND CHECKT 1) SHE 4
GnEs IF all "ESPONTHS 2k VALID, IF 'OT A'l 22R0R M-SSAG:. IZ WFIVTTEN 5
Ceee L ITrE FRJIGVGM HALTS F
(3 F
b 79 S =5 JMITEMS R
PMMCAT=NCAIT(T) ¢ 9
INATLLTY=INADCD) 9
IF (LVESPUL) oNEJJOMITY =0 1O § 11
iNansti)=¢ ie
g Te 2 13
e 14
Cre® (Cp-X FOM INVELID F SPONST 1%
1 IF (0L LtelCTCPUTIN) JANDL(IM-SP(I) LT NUMCAT)) GO TO ¢ 16
OO Il Se NAME G INGIPFESo(T)yNIMrAT 17
R E 18
c i9
2 COMT INUE 2
| we Ty el .
: > 22
i c 23
f 3 FOCMAT (10Y¢e % “RCr IN DATAR NEJeST =2 *42A104% [N = *,49,% LS TL 26
SLEGAL RESFINSE =2, 39/71 1082 " PONSTS MIYST N ®,® HETWE=N ¢ ANN NUMA b4
¢F 2 Nk CAI+GORIES =% 4184" INCLUSIV-®) 2¢
LMD . 27
SUARCUYTING CHYVEC (IRFSPGINANGNCAT G NITEMS ICHK NBE STy NANS) 1
JIM-NSION ICESPULLUY e LHADI2UTY,y HCAT(1)0) 2
c CHEY-C TESTS THE CAW CcSBNNTT VTCTAOP TD DET-RMIND IF 3
c IF 11 IS ONZ OF TH: FULLOWING THE ¢ CASEST L
ness SLL BE5T RISPUNSESeesICHK SET TO 4§ 5
Coes ALL WO-ST CESPOYUSEDeee TOHMK 57T TO 2 &
coe» Pl RESEINEFSesaveICHL SET 10 4 7
oves YIHERWISL eooesl0HK ST TN @ R
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NANS=0

NWORST=D

NBESI=0

DO 1 I=14NITEMS

IF (INAD(I).EQ.D0) 50 TO 1

NANS=NANS+1

IF (IRESP(I).cQael) NHBrST=NREST+1

IF (IRESPUI) «FEQeNCAT (L) +1) NWORST=NWOPST+1
CONT INUE

ICHK=wu

IF (NANS.FQ2.0) ICHK=1

IF (NWORST.t QeNAN,) ICH¥=2

LE (NRESTL.LOQWNANSY ICHK=3

RETUNN

END

SUSROUTINE BISECT (FlylNESPL8,3,NITEMS,NCAT, INADyNIT1,8MTID,BLAST)
OIM“rSION IRESP(1.0)y A(100410)y 3(10C410), NCAT(100), INADC(1CQ),
1P(1L"42)

CALCULATES APPRCXIMATE "COT OF F1 BY BISECTION,BISECTING THE INTFR
NITC fnUMBIR OF IT5RATIONS) TIMFS, BMID 1S 3EST CURSENT GUESS AT T
BLA I IS TH: PREVIOUS VALUF 0F BMID. IT IS YSFD AS TH- SECOND
INLTIAL GUESS FOKk THE SSCANT METHOD.

INLTIALIZt LEFT 80OUND AND F1(B0OUND), AND RIGHT BOUNOJ,F1(BOUNN)

AL==%.0

YRP=5,0

BMLIN=(e 0

TL=F LCIRESPINADGNITEMS «NCAT (AR 43L)

TP=F (IRc 5Py INANGNTITEMS NCAT, A4, 3R)

TEST £02 %) ROOT IN IMTSRVAL GAND SETURN IF MOT POSSISLS

P CEIL®12) 6T e063) ReITVIRN

NOW CALCULATE H4ISECTIONS NIT TIMES

00 & F=1,MIT

TML o =r L (L ESPy INBNGNITEMSGNOAT L, 3,BMID)

IF (CIMTU®TL) «GTedel) LN TO 2

yF=omig

GG 0 2?2

TL=1419

HL=1v[n

ML= (HL+R) /7240

CONT T U

AL = 1=K

1F (1L erGaTMIN) HLAST=HL

CETICN {

(L))

SUAYONTINS RTWTIRAD (b L aF 2 IRELP AR NITEMS  HCAT G INAYINITERGERLNUM
I'4"‘“!’.350l“f'nohi‘°V""AIL)

UIM * STON TP TP (27)y A(L50e417)y BCLCT410) s NCAT(LUG)s TNAD(1UD)

CALCULATES 00T OF F1 GIVEN IVS FIRST DIRIVATTIVE F2 AND AN INITTIAL
68 “Se UTILTZeS NEWIUN-RAPHLINSG METHAN

‘e

THITiaLT /-

NUMTIS=)

THEYU=GIESS

L22F UNTIL CPK IS LISS THAN £7S 07 NUMA4FR OF ITERATIONS BECOMLS TO
SOPV=F 2 (LRcSPy INA G MITe MSaNCATJA P, THETAY

FURV=F L (IRLSPy INADGNLITEMS NCAT £, 3, THETA)

FPR=t JRY/SNRY

TH:TL=THr TA=FbR

NUMTITS=NUMITS+1

EXYLIT LNIOP CHITERIOIN

IF (ONUMLTSaLToNLIT=F) AR (ARS(-KR) 4GT4=PS)) GO 10 L
LMD L00P,  TEST FG FALLURE AND SET IFATIL

TFATL=0

LF (aaSERR) oL Tet »S) RLTURN

e rTT—————
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1
1FAIL=1 21
TH:TA==99,99 22
SDPV=Y9,99 23
RETUe 26
FND 25

SUBRCUTIN. SECANT (F1,1°E5P4AsA, NITEMS,CAT, INAD, MAXIT 4EPS,GULSHI, 1

16U SLCy NUMITS, THETA,SLOPE, IFAIL) 2

DIMEPSION IRESP(1.0), A(20Us10)y H(10C,1G), NCAT(107), INAD(150) 3

Ce*** yScS THe SECANT M- THOD TO CALCULATE THE ROOT, THE TA, OF THE 4
C*** FUNCIION F1 5 '

Ce®*® LULSH] AND GUESLU BRPE THE TWO INITIAL GUESSES AT TH: ROOT : )

C*¥® i QUI=FD =¥ TH: S/ CANT METHOD 7

)

9

c
NUMTTS=0
THE Ta=6UESHT - 10
1LASI=GHESLD 11
FLAGCISFL IR SFaINEG) G NIT: MTGNCET4Ag8, TLAST) 12
c 13
c*®* | 09D UNTIL COMVERGINCE 7P NONCOMV-RGENCE IS ESTARLISHED 16
1 FOU-=C1 (1~ SPyINANGHITrMSoNCAT4A4,ByTHETA) 15
LF (FCUR L FLAST) GO 10 2 16
SLN7 = (TH_TA=TLAST)/ (FCUR=FLAST) 17
CHA' (,_=FCYR*S NP- 18
TLA 1=THETA 19
tLA I=FCU®> 22
TH- 1 2=THt TA=CHANGL 21
NS ENUMITS L z2
IF (ZMSUCHANGE ) oGT o P ARDGNUMIT LT G MAYIT) GO TO 1 23
c 24
1FAIL=0 25
SL-=i.0/5L00T 2¢
[F (< 4SUCHANG: b ol. ot PL) QETURN 27
Cees  SEOL T METYOL D95, LOT CONVr®RhG: IN MAXIT IT-RATIONS 2%
IFATL=1 29
1 M 7;:-')’.'4)-«) 3[)
CLU2Y ==39,99 31
FET RN 32
> 37
Cees L puee SECANT MITY0D CANNOT F UISED ON F1 24
2 o S 3=
IFalL=2 3A
THr Tiz=35, 8K 37
SLOY ==f4,43 24q
wETUMN 33
c 4n
3 FOSAAT (10X, *HORTZANTAL SLOPS FOLND IN FISST GRIVATIVE FOF *,%CQ° Gy
LRE Nl SUBJY ST %9 /1 X ®5-2CANT M-THCD CANNIT 3 HSFD.*) L2
N | “!
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