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I. THE MEASUREMENT MODEL 

Introduction  

The quantity of a variable possessed by an object (e.g., mass, 

temperature, achievement in mathematics, attitude toward authority) cannot 

be observed directly but must be inferred from an observable reaction  of 

the object  to an appropriate agent  designed to provoke useful manifestations 

of the variable. 

We can infer something about the mass of an object from observing 

the distance it travels after being struck by an agent which applies a force 

to the object. The masses of two objects can be compared on the basis of 

their reactions to the same agent. If a class of agents can be established, 

*,,t any member of which leads to the same comparison of the two objects, then 

an objective  comparison of the objects based on the variable specifically 

provoked by that class of agents will have been achieved. 

When dichotomously scored test items are the agents and persons are 

the objects to be provoked and specific objectivity  in the measurement of 

these persons is sought, then we are led to one, and only one, particular 

mathematical relation between the person, the item and the observed response, 

namely 

gxvi 18No d i 1 = exp[xvi
(Bv )]/[1 + exp(a

v
-16)] 	 [I] 
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This model specifies that the probability of observing a par-

ticular result (represented by x vi  = 1 for its occurrence and 

x
vi 

= 0 otherwise) upon exposing person v to item i depends only 

on the person's ability a v  and the item's difficulty d i  and that 

their interaction can be captured by the difference of these two 

parameters (0 v -d i ). 

Expression (1) is the most familiar form of a family of 

measurement models due to Georg Rasch. It has unique properties 

which are fundamental for objectivity in measurement (Rasch, 

1960, 1961; Wright, 1968, 1977a). Simple, natural sufficient 

statistics exist for estimating all its parameters. These are, 

for person ability, the count of the number of items answered 

correctly by that person and, for item difficulty, the number 

of persons answering that item correctly. Rasch models are the 

only latent trait models for which this kind of specific objec-

tivity is possible (Rasch, 1968; Barndorff-Nielsen, 1973; 

Andersen, 1973a, 1977). 

That Equation 1 leads to specific objectivity can be 

demonstrated by comparing the responses of two persons to any 

item. The probability that person v answers some item i 

correctly is given by 

P{xvi
.11a 

V1 
os.} - expo V1  -s.)/[3. + exp(oV1  -s.)] = Pvi 	(21 

Therefore his odds for success are 

exp(a
v
-6) 	Pvi/(1-Pvi ) 	 [ 3 
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Taking logarithms gives 

By - d i = Stn(p
vi

/(l - p
vi

)]. 	 [4] 

Similarly for another person u, 

$ - d i  = 241(p
ui

/(1 - p ui )] 	 [53 

and hence a comparison of person v and person u can be made by 

v - au 	Lb[Pvi/(1 - Pvi )] 	tn[Pui/(1 - Pui )] 	[6] 

which does not involve the item parameter d i  at all. As far as 

the model is concerned the same comparison between these two 

persons could have been obtained from any appropriate item. 

Thus, while the comparison depends on the use of some appro-

priate item, it does not depend on which particular item is 

used and so the comparison is "item-free." 

An analogous argument leads to "person-free" comparisons 

of item difficulties. This does not mean that two persons can 

be compared on a variable without provoking a reaction from them 

with some item or that any old item at all will do. What it doe! 

mean is that any items from the appropriate class of items are 

supposed to lead to the same comparisons of persons and that 

the comparison of any two items in the class are supposed to 

be the same regardless of the particular abilities of the 

persons used. It is these comparisons that are "objective." 

The log odds of success for a person on an item, i.e., 

in(p
vi
/(1 p

vi
)), obviously, depends on the difficulty of the 

item. Since this effect is present in the log odds of each 
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person, however, it is subtracted out in the comparison. Thus 

what is known is not the absolute ability of person v but his 

distance from some other person u. This difference makes person 

u a kind of origin against which person v is measured. All 

measurements are comparisons with respect to some origin. The 

measurement model itself cannot define this origin. An origin 

must be provided by some external and, in that sense, arbitrary 

decision. The BICAL item analysis program defines the origin 

for both persons and items at the center of the set of estimated 

item difficulties. This temporary origin can be replaced later 

by a new one based on a substantive decision concerning a posi-

tion on the latent variable which will serve well as a zero 

reference point. 

The BICAL program estimates item parameters and tests 

the reasonableness of the hypothesis that all items are useful 

members of a single measurement class. If all items are from 

the same class, then they all measure on the same single variable 

and any items may be used to obtain equivalent measures of 

persons. If not, then comparisons of excluded items with items 

which are found to function properly will lead to an improved 

understanding of the variable originally sought and may even 

lead to the discovery of interesting new variables. 



II. ESTIMATION OF ITEM PARAMETERS 

Unconditional Maximum Likelihood  
Estimation: UCON  

The following estimation equations may be derived either 

by unconditional maximum likelihood estimation or by the mean 

value method. For item difficulty, the equation to be solved is 

pvi i 
v=1 	 4 

where s i 
is the total number of successes by all persons on 

item i, and 

pvi = expO
v
-6)/(1+exp(8

v
-6)] 

is the probability of success by person v on item i. 

The corresponding equation for person ability is 

v • 77' Pvi 	 [81 
i=1 

where r
v 

is the total number of successes on all items by 

person v. 

That this expression can be usel to estimate ability 

follows from that property of the model which says raw score is 

the sufficient statistic for ability. This in turn makes 

-5- . 
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possible some simplification in Equations 7 and 8. Since raw 

score is sufficient, then for estimation we need only index the 

persons by their score and observe the number of persons at each 

score. Therefore Equation 7 may be replaced by 

L-1 
s
i 

= 	n
r 

p 	 [8] 
r= 	ri 

where L is the largest possible score, nr is the number of 

persons who achieved the score of r, and pri is the estimated 

probability of success given the ability estimate br associated 

with a score of r and the difficulty estimate d
i 

associated with 

item i 

p
ri 

= exp(b
r
-d

i
)/11+exp(b

r
-d)]. 

Equation 8 then becomes 

r = 	p . 	 [10] 
i=1 

These equations are implicit with respect to ability 

and difficulty but may be solved easily by iteration. Solution 

equations for items are 

s
i 	

E n p(t) 
r ri 

c14
(t+1) 	t 

di 
p
(t) 

1-p
(t) 

n
r 	

[111 ri 	ri 

and for scores 

r 	E p (t) 
(t+1) 

= b
(t) 	

ri 
b
r (t) 

p
ri 

1-p(t) 
ri 	 (121 
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(t 
where p ri

) is the estimated probability of success on item i 

by a person with score r based on the estimates available at 

the t
th iteration. 

These estimates are unconditional maximum likelihood 

estimates, so their asymptotic standard errors may be derived 

from the second derivative of the log likelihood function: 

SEC = SE(d i ) = (E nr 
p
ri 

(1-p
ri

)1
-1/2 
	 (13] 

and 

SEM = SE(br
) = (E p

ri 
(1-p

ri
)] -1/2 
	

(14] 

The estimates contain a slight bias due to their uncon-

ditional basis. This bias can be corrected by the scaling 

factors (L-1)/L for the centered d i and (L-2)/(L-1) for the b r
. 

The corrected unconditional estimation algorithm used 

by BICAL is 

1) Obtain item scores (s
i
) and counts of the number of 

persons at each score (n r ). 

ii) Edit these data to remove perfect scores (i.e., s = 0 

or N and r = 0 or L), recycling as many times as necessary as 

N and L change. 
r 

iii) Define an initial set of (br
) as b

o 
= in1=- 1  r=1, L-1 

'N-s 1 	._ 1-1, L 
iv) Define an initial set of (d i ) as d? s i  1 

V) Center the item set at zero by subtracting d = Ed/L 
i 

from each item. 
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vi) Obtain a revised set of (d i ) by iterating Equation 11 

until convergence is achieved. 

vii) Using the tentative set of (d i ), obtained from step vi, 

obtain a revised set of (b r
) by iterating Equation 12. 

viii) Repeat steps v, vi, and vii until stable values for 

the (d i
) are observed. 

ix) Correct for bias by multiplying each d i  by (L-1)/L. 

x) Calculate the (br
) for these unbiased (d i ). 

xi) Correct for bias by multiplying each b r  by (L-2)/(L-1). 

Cohen's Approximation: PROX  

An economical alternative for estimating model parameters 

is to assume that person abilities can be approximated by an 

explicit function of total score and that this function is 

completely determined except for a single multiplying parameter 

which can be estimated by maximum likelihood (Cohen, 1976). 

The assumption implies that the distributions of person abilities 

and item difficulties can be adequately described by a normal 

distribution. To the extent this is so, the resulting estimates 

closely approximate those obtained by more expensive procedures. 

To apply this approximation: 

i) Define initial estimates of difficulties and abilities 

and their variances; 

54-s, 	 178-8 -9  , 
d° 	s in! 	- E La; ---=! /L , 	i=1,L 

i 	
si , 
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L 
D = E(d

o
)
2 
 /((L-1) (2.89)1 

i 

r 
br

0 	r 	 r=1, L-1 

L-1 

b
o 	 n b

o/N 
r r 

L-1 

B = 	b (b
o
-b

o
)
2
/[01 - 1) (2.89)1 r r 

ii) Compute expansion coefficients: 

X as ((1 + E)/(1 - SD)]
1/2 

Y = ((1 + D)/(1 - SD)1
1/2 

iii) Compute final estimates and their standard errors: 

di = Xdi 	 i = 1,L 

SE(d) = X(N/s i  (N-s i  )1
1/2 

Ybr 	 r 	1, L-1 br  

SE(br ) = Y(L/r(L-r)1
1/2 

For moderately long tests and more or less symmetric 

score distributions, this PROX procedure yields estimates within 

a fraction of a standard error of the v-alues obtained by the more 

expensive method UCON. 



III. ITEM FIT 

In the search for measurable variables, tentative estimation of 

item difficulties is only a first step. In order for these estimates to 

be useful as item calibrations, it must be established that it is reason-

able to treat the items in question as members of the same measuring class. 

If that is found to be reasonable, then the measurement of persons based 

on the calibration of these items can proceed. If not, then the available 

data must be reconsidered to see if there are any subsets of items that 

may possibly belong to a single common measuring class. If that search 

fails, then no "measurements" will be possible with these items. 

The most natural fit statistic in BICAL, labelled "Between Fit t" 

is derived dicectly from the "sample-free" requirements of the model. If 

estimates of difficulty are in fact free of the distribution of ability 

in the calibrating sample, then estimates based on different subgroups 

will be statistically equivalent to those based on the total sample. 

This can be tested most severely by dividing the sample into subgroups 

based on score level, that is by estimated ability, and then comparing 

the observed successes on each item in each ability subgroup with those 

predicted for that subgroup from the total sample item difficulty esti-

mates. 

-10- 
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If item i fits in ability group g, then successes in 

group g on item i should approximate their model expectation. 

Thus, 

s
gi

=  	nrPri. 	 [151 
reg 

This expression is identical to Equation 9 except that it is 

.based on a subsample of persons. If the item difficulty estimate 

is indeed independent of the sample chosen, this expression should 

be satisfied for all subgroups. Equation 15 can be converted 
A . 

into the standardized residual 

sgi p  reg r ri 
Zgi = 	  

1/2 	 [16] 
7-7 

,n rpri (1-p ri ) 
reg 

and-hence into a mean square between the M groups 

m F - 

(s 	n p ) 2 	
L 	 [171 

vBi = 	g- 	
reg r ri  . 

, n rpri (1-p ri ) 	(M-1) (L-1) 
g reg 

Finally, this mean square between groups can be expressed in the 

standardized form 

tBi = avBi
1/3  - a + 1.0/a 	where a = [4.5(m-1)]

1/2 
	[18] 

This t-statistic tests whether the observed item characteristic 

curves have a common shape and slope, It has an expected value 

of about zero and a variance of about one. 

A more general statistic can be constructed by comparing 

the result of each person-item interaction, x vi , with its estimated 
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expected value, p vi . This standardized residual has the same 

form as the between group residual, i.e. 

x
vi 

- p
vi 

zvi = 	
1/2 	

[19] 

p
vi

(1-p
vi

)  

It too could be squared and summed, this time over all persons, 

to form a total mean square for the evaluation of item fit. The 

resulting mean square, however, is very sensitive to unexpected 

responses which are far off target. This is unfortunate because 

when a response is far off target, that is when the item and 

person are far apart so that the difference between person 

ability and item difficulty is many logits, then not only is 

there very little useful information about either person or item 

in that response, but we hardly expect, nor do we need to expect, 

the model to hold. 

An alternative approach which has similar asymptotic 

properties, but is more robust against off-target data, is to 

weigh each squared residual by the information pvi(1-pvi)  it 

contains and so calculate an information weighted mean square. 

These weighted mean squares are formed by computing the 

difference between the observed response x and its estimated model 

expectation p = exp (b-d)/(1+exp(b-d)] and summing the square 

of this difference (x-p)
2  over persons for item fit and over 

items for person fit. 

The sum of squared differences E(x-p)
2 
 is then divided 

by its model expectation Ep(1-p) to form a mean square statistic. 
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v = E(x-p)
2
/Ep(1-p) with an expectation of one and a variance of 

2 
s
2 
= {Ep(1-p)-4E[p(1-p)]

2
1/(Ep ( 1-p)] . 

A standardized value t for the mean square v is calculated from 

t = (v
1/3 -1)(3/s)+(s/3) . 	 (20] 

In theory, the asymptotic distribution of this t-statistic 

should be normal with a mean of zero and a standard deviation of 

one. In practice we have not found this to be always so, 

especidlly for the "total t fit" item and person statistics. With 

data which fit the model the "total t fit" statistic can show a 

standard deviation as low as 0.7 when the data'is off-target 

and/or the replications are less than 50. This implies that items 

and persons producing "t'otal t fit" values larger than 1.5 ought 

to be examined for response irregularities. Certainly "total t 

fit" values greater than 2.0 are noteworthy. 

The "total t fit" values  summarize overall item fit from 

person to person. 

The "between t fit" values  focus on the variations in item 

response between the two to six score (i.e. ability) groups formed 

by BICAL. These between score group fit statistics have one less 

degree of freedom than there are score groups, i.e. from one to 

five degrees of freedom depending on the number of score groups 

formed. In contrast to the "total t fit" statistic, we have 

found the observed distribution of "between t fit" values to 
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come close to the expected mean of zero and standard deviation 

of one for items which fit. The "between t fit" statistic is 

particularly sensitive to variations in item difficulty which 

are associated with variations in person ability. 

The "error impact" of item misfit is calculated as 

(v1/2 - 1). This statistic estimates the proportional inflation 

of standard errors of calibration or measurement which could be 

caused by misfit of the item. 

In the case of the item's own calibration, the error 

impact is direct and the standard error of the item's difficulty 

is estimated to be v
1/2 times larger than reported. 

In the case of the item's use for person measurement, 

however, the error impact of any single item's misfit is 

attenuated by the presence of other items. The number of items 

L in the measuring test diminishes the impact of unsystematic 

item misfit on measurement error by a factor of 1/L
1/2 so that 

the measurement error inflation which could be caused by the 

misfit of any one item is only of order (v/L) 1 / 2 . 

If, however, an item's misfit is not idiosyncratic but is, 

instead, part of a trend shared with other items in the measuring 

test, then there can be a bias in measurement caused by this trend. 

Unfortunately, the magnitude of this bias cannot be estimated 

from individual item statistics. Its presence must be checked 

for during the analysis of person fit and its magnitude estimated 

separately for each person measured. Fortunately, the necessary 

person fit analysis is easy to perform. (To do this we use the 

supplementary Rasch programs PANAL and KID.) 
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BICAL also reviews the calibrating sample for person fit 

and deletes from calibration persons whose pattern of responses 

is excessively improbable. The criterion for this deletion can 

be chosen for each calibration. A good working value is a person 

"total t fit" statistic exceeding 2.0. This value will clean 

most of the implausible response patterns out of the calibrating 

sample and in this way focus the item fit analysis on item quality 

As an aid in diagnosing the nature of misfit for an item, 

BICAL calculates a residual discrimination index which describes 

the relative slope of each item characteristic curve. This 

descriptive statistic corresponds closely in meaning and magni-

tude with the item discrimination which other programs attempt 

to estimate simultaneously with item difficulty. The BICAL 

discrimination index, however, is based on residuals after the 

Rasch model has been fitted. 

If the data came from a simulator that produced charac-

teristic curves which varied in slope, then the person-item 

logit could be expressed as 

Pvi = a l (S v - S i ) + vi 	 (21] 

or 

Y 	= (a i - 1)(Bv - S i ) + c vi 	 [22] 

where 

yvi = pvi - v - i ). 
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In this form, yvi is the difference between a "true" logit 

response and the Rasch model with which we have attempted to 

explain it. If the Rasch model adequately accounts for the data, 

the regression in Equation 22 should have a slope of zero. 

In terms of estimates, this expression can be written as 

y
vi 

=
- 
(a - 1) (bv 

- d
i
) + e

vi 	
(23] 

yvi 
mg (xvi 

- p
v
i)/(1)vi

(1-p
vi )1. 

Thereforeanindicationofa-can be calculated as 

a. = [E(1, 	- y )(bv - d )/E(b - d)
2
] + 1. 	 (24] 

v vi 	 i v v 

This is the residual discrimination index given in BICAL output. 



IV. RECOVERY OF MODEL PARAMETERS 

Andersen (1970) proves that a conditional maximum like-

lihood procedure for Rasch item analysis produces consistent 

estimates of item parameters. Since, however, conditional 

estimation is impractical for tests of more than thirty items 

(Wright and Douglas, 1977b), Wright and Panchapakesan (1969) 

developed an "unconditional" maximum likelihood procedure, UCON. 

Although this method is quite practical even for the largest 

tests, it produces slightly biased estimates. Wright and 

Douglas (1977a, 1977b) describe a corrected unconditional 

estimation which should make the bias in UCON negligible. The 

purpose of this chapter is to document the extent to which the 

unconditional maximum likelihood procedure used in BICAL produces 

accurate and consistent estimates, and so, incidentally, to see 

if there is any practical need to attempt conditional estimation 

of item difficulty parameters. 

To explore this question, a study of data simulated to 

fit the model was performed. A comparison of estimates with 

their generating parameters was made for data generated from a 

variety of typical test and sample shapes. 

Definition of Test and Sample  

A test and a sample can be described adequately by four 

basic characteristics (Wright and Douglas, 1975). The units 

-17- 



FIGURE 1 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 H=2 L=21 	SAMPLE: M=0 S=0.5 N=400 

	

REGRESSION: 	Y=1.00X 	X=0.97Y 
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in which those properties will be expressed are logits. Logits 

are natural log odds of frequency data such as test and item 

scores which transform these frequency data into a linear scale 

(for a discussion of logits, see Wright, 1977a). 

Tests  

The first characteristic of a test is its difficulty 

level or Height, H. This is the average difficulty of the 

test's items. A centered test is one with a height near the 

mean ability or center of the sample of persons. 

Width, W, is the second characteristic of a test. This 
- 

is the range of item difficulties covered by a test, from the 

easiest item to the hardest. 

Length, L, the number of items composing the test is 

the third characteristic of a test. 

Finally, the distribution of the item difficulties must 

be specified. Typically, either a normal or uniform distribution 

is adequate to describe test shape. Wright and Douglas (1975) 

show that uniformly distributed items are the best overall test 

shape strategy and that in general, "best" tests should be 

constructed that way. 

Samples  

The mean ability level, M, of a sample corresponds in 

interpretation to the height of a test. In the construction of 

a scale, the origin, in general, is arbitrary. What is determined 

by the data is the difference (M - H) between sample and test. 



FIGURE 2 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=2 L=21 	SAMPLE: M=0 S=1.0 N=400 

	

REGRESSION: 	Y=0.97X 	X=1.00Y 
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For our simulations the height of the test was set at H=0 and 

the difference (M - H) was varied by varying M. Therefore, a 

sample less able than the test is difficult would have a mean 

ability less than zero, while a sample more able than the test 

is difficult would have a mean greater than zero. Since the 

response model functions symmetrically, we need only considered 

samples equal to or smarter than the test. 

The second characteristic of a sample is its dispersion, 

 or standard deviation, S. Just as the width of a test is the 

range of item difficulties composing the tests, so S indicates 

the spread of person abilities in the sample. 

Sample size, N, is the third characteristic of a sample. 

The last is sample characteristi-c shape.  For most pur-

poses a normal distribution of persons is an adequate repre-

sentation of sample shape. 

Scope of the Simulations  

A wide variety of experience has shown that tests narrower 

than two logits or wider than six logits are rare. The most 

frequent test widths encountered have been in the region of 

three to five logits. Therefore, our simulations were performed 

for tests of width two, four, and six logits to cover this 

experience. A few simulations made at one and three logits in 

order to see the trend around two logits are shown in the 

summary tables, but are not included in the graphical analyses. 

Test lengths of twenty-one and forty-one items were 

chosen for the simulations. Few serious tests are shorter than 



FIGURE 3 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=4 L=21 	SAMPLE: M=0 S=0.5 N=400 

• 	REGRESSION: 	Y=0.99X 	X=1.001. 
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twenty items and, as tests exceed forty or fifty items, the 

impact of the amount of data available becomes sufficient to 

wipe out the problem of bias in the unconditional estimates. 

Twenty-one was chosen because it occasionally happens that an 

in-class test or one subtest of a lengthy battery is as short 

as twenty items. Forty-one was chosen to show how increasing 

test length eases estimation problems and improves the estimates. 

A second reason was that subtests in many widely used batteries 

run about forty to fifty items in length. 

Two levels of sample ability were chosen for the simula-

tions. The first level was centered on the tests (M = 0), as 

that is the most desirable relation between test and sample. 

The second level was set at one logit above test center (M = 1), 

because calibration samples are often selected to be somewhat 

more able than the test is difficult in order to avoid the 

provocation of guessing. 

Practical experience with typical school tests has shown 

that within-grade ability standard deviations tend to run around 

one logit. When attempts are made to calibrate a test over 

several grade levels in a single analysis ability standard 

deviations can reach 1.5 logits. In the development of a 

calibrated bank of items, however, it is usually more efficient 

and more informative to calibrate items within grade levels first 

and then to verify the stability of these calibrations across 

grades with common item links. In order to cover this situation 

sample abilities were simulated at standard deviations of 0.5, 



FIGURE 4 

REGRESSION OF BIM. ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=4 L=21 	SAMPLE: M=0 S=1.0 N=400 

	

REGRESSION: 	Y=1.00X 	X=0.99Y 
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1.0, and 1.5 logits. 

Sample sizes of four and eight hundred persons were used, 

because in principle, given the model, four hundred suitably 

chosen persons should be enough to determine item characteristics 

effectively, and eight hundred persons should be more than enough. 

All of the simulations made in this study had an average 

item difficulty of zero, items that were uniformly distributed 

in difficulty and samples that were normally distributed. Test 

length and sample size were combined into two typical setups, 

a test of twenty-one items taken by four hundred persons and a 

test of forty-one items taken by eight hundred persons. 

Plausible combinations of test width, sample mean, and sample 

dispersion were formed for each of these.set-ups. Table 1 

specifies the various combinations which resulted. Five or more 

random replications of each of these combinations were simulated. 

These similations provide the data used here to investigate the 

extent to which BICAL satisfactorily recovers item difficulty 

parameters and evaluates fit. 

Not all possible combinations of the variables in Table 1 

were simulated because some combinations generate unrealistic 

situations. For instance, it would be unreasonable to give a 

narrow test (W = 2) to a sample that was more able than average 

(M = 1), because too many of the people would be above the 

useful range of the test. 



FIGURE 5 

REGRESSION OF BIM. ESTIMATES ON THEIR PARAMETERS 

TEST: 	H=0 W=11 L=21 	SAMPLE: M=0 B=1.5 N= 00 

	

REGRESSION: 	Y=1.02X 	X=0.97Y 
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Recovery of Item Difficulties  

The first analysis of the simulation results concerns 

possible bias in the recovery of item difficulties. Bias can 

be analyzed by comparing the estimated dispersion of item diffi-

culties with the generating dispersion. If the estimated dis-

person is statistically equivalent to thegenerating, then bias 

could only be present in the relative pcsitions of items with 

respect to one another. Table 2 shows that BICAL recovery of 

item difficulty dispersion is excellent at all but the most 

extreme combinations of tests and samples. The worst recovery 

is for the short, wide tests (L = 21, W = 6) given to off-center 

samples (M = 1) where estimated item difficulty dispersion runs 

five percent too large. This minor bias is reduced to two per-

cent for the long, wide tests (L = 41) even when W = 6 and 

M = 1. Regardless of test width, the average excess in estimated 

dispersion over all simulations is about two percent for the 

shorter test and one percent for the longer test. This suggests 

the possibility that a slight additional correction for bias 

based on test length might be useful for shorter tests (L < 30). 

More detailed analysis of calibration bias on an item-by-

item basis appears in Tables 3 and 4. These tables show the 

regression of individual item difficulty estimates on their 

generating parameters, for the tests of twenty-one items by 

four hundred persons and forty-one items by eight hundred per-

sons, respectively. It is hard to see how the BICAL recovery 

could be much better. Overall, the best estimates are recovered 
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REGRESSION OF BIM_ ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=6 L=21 	SAMPLE: M=0 5=1.0 N=400 

	

REGRESSION: 	Y=1.02X 	X=0.97Y 
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TABLE 1 

COMBINATIONS OF TESTS AND SAMPLES 
SIMULATED 

Test: H=0, W, L=21 	 Sample: M, S, N=400  

M=0 	 M=1 

Test 	 Sample 	 Sample 
Width 	 Dispersion S 	 Dispersion S 

W 	 0.5 1.0 1.5 	0.5 1.0 1.5  

1 	 * 	* 

2 	 x 	x 	* 	 * 	* 
3 	 * 	* 	 * 	* 	* 
4 	 x 	x 	x 	 x 	x 

6 	 x 	x 	 x 	x 	x 

Test: 	R=0, W, L=41 	Sample: M, S, N=800  

M=0 	 M=1 

Test 	 Sample 	 Sample 
Width 	 Dispersion S 	 Dispersion S 

W 	 0.5 1.0 1.5 	0.5 1.0 1.5  

2 	 x 	x 

4 	 x 	x 	x 	 x 	x 

• 6 	 x 	x 	 x 	x 	* 

x 	data based on five replications and reported fully. 

* 

	

	additional data of five or more replications generated 
in the pilot phases of this report. 



FIGURE 7 

REGRESSION OF BIM. ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=6 L=21 	SAMPLE: M=0 3=1.5 N=400 

• 	REGRESSION: 	Y=1.02X 	X=0.97Y 
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TABLE 2 

BICAL RECOVERY OF ITEM DIFFICULTY DISPERSION 
(Means of five replications) 

Test: H=0, W, L=21 	 Sample: M, S, N=400  

Estimated Dispersion sd  

	

M = 0 	 M = 1  

Generating 	Test 	Sample 	 Sample 
Dispersion 	Width 	Dispersion S 	 Dispersion S 

	

ad 	 W0.5 1.0 1.5 	 0.5 1.0 1.5  

	

0.31 	 1 	0.31 0.31 

	

0.62 	 2 	0.63 0.61 0.63 	0.62 0.62 

	

0.93 	 3 	 0.94 0.95 	0.94 0.93 0.93 

	

1.24 	 4 	1.24 1.24 1.27 	1.26 1.30 

	

1.86 	 6 	 1.91 1.92 	1.96 1.88 1.95 

Ratio s dad 

	

M = 0 	 M = 1  

	

Test 	Sample 	 Sample 

	

Width 	Dispersion S 	 Dispersion S 
0.5 	1.0 	1.5 	 0.5 	1.0 1.5  

1 	1.00 1.00 
2 	1.02 0.98 1.02 	1.00 1.00 
3 	 1.01 1.02 	1.01 1.00 1.00 
4 	1.00 1.00 1.02 	1.02 1.05 

6 	 1.03 1.03 	1.05 1.01 1.05 



FIGURE_ 8_ _ 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=4 L=21 	SAMPLE: M=1 S=0.5 N=400 

	

REGRESSION: 	Y=1.01X 	X=0.98Y 
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TABLE 2 

BICAL RECOVERY OF ITEM DIFFICULTY DISPERSION 
(Means of five replications) 

Continued  

	

Test: H=0, W, L=41 	 Sample: M, S, N=800  

Estimated Dispersion s d  

	

M = 0 	 M = 1  

Generating 	Test 	Sample 	 Sample 
Dispersion 	Width 	Dispersion S 	 Dispersion S 

ad 	 0.5 1.0 1.5 	 0.5 1.0 1.5 

	

0.60 	 2 	0.61 0.60 

	

1.20 	 4 	1.21 1.21 1.20 	1.21 1.19 

	

1.80 	 6 	 1.82 1.82 	1.84 1.80 1.82 

Ratio sd/ad 

	

M = 0 	 M = 1  

	

Test 	Sample 	 Sample 

	

Width 	Dispersion S 	 Dispersion S 
W 	0.5 	1.0 	1.5 	0.5 1.0 1.5  

2 	1.02 1.00 

4 	1.01 1.01 1.00 	1.01 0.99 

6 	 1.01 1.01 	1.02 1.00 1,01 



FIGURE 9 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=4 L=21 	SAMPLE: M=1 5=1.0 N=400 

	

REGRESSION: 	Y=1.04X 	X=0.951 
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by the longer test. Tables 3 and 4 show again that the largest 

estimation bias (5 percent) occurs for the shorter, wider tests 

(L = 21, W = 6) (M = 1) with off-center samples which are either 

narrowly or widely dispersed (S = 0.5 or 1.5) and for average 

tests which are off-center, but moderately dispersed (L = 21, 

W = 4, M = 1, S = 1.0). For the longer tests, the largest bias 

(2 percent) occurs on the narrow test with centered, narrowly 

dispersed samples (L = 41, W = 2, M = 0, S = 0.5) and on wider 

tests with off-center, narrowly dispersed samples (L = 41, 

W = 6, M = 1, S = 0.5). 

Figures 1 through 23 interspersed throughout this chapter 

show the five replications of each BICAL item estimate plotted 

against its generating parameter, for each of twenty-three 

combinations of tests and samples. These plots show that the 

item estimates are well-balanced around the identity line and 

that nearly all of the estimates fall within the control lines 

drawn at two standard errors on either side of the identity line. 

Distribution of Fit Statistics  

In order to judge whether data are adequately recovered 

by the model it is necessary to assess the agreement between the 

observed data and their expectation under the model. To evaluate 

the fit of data to model it is useful to compute a fit statistic 

for each person's response to each item. This standardized 

squared residual is 

2 
(X

vi 	
- pvi

) 
2 	 [26] Z vi 	p

vi
(1 - pvi ) 



FIGURE 10 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=6 L=21 	SAMPLE: M=1 S=0.5 N=400 

' 	REGRESSION: 	1=1.05X 	X=0.94Y 



TABLE 3 

THE REGRESSION OF BICAL ITEM ESTIMATES ON THEIR GENERATING PARAMETERS - 21 ITEMS BY 400 PERSONS 

vim. 	 ----- 	 - 

Test 	Sample 	Correlation 	Standard 	Regression of 	 Regression of 
H=0 L=21 	N=400 	Between 	Deviation' 	Estimate on Parameter Parameter on Estimate 

Width 	Mean Std.Dev. Estimate and ' 	of 	 Mean Square 	 Mean Square 
W 	M 	S 	Parameter 	Param. Est. 	Slope 	Residual2 	Slope 	Residual3 

2 	0 	0.5 	0.985 	0.608 	0.615 0.996 	0.0113 	0.974 	0.0111 
2 	0 	1.0 	0.983 	0.608 	0.600 0.969 	0.0125 	0.997 	0.0128 

4 	0 	0.5 	0.995 	1.217 	1.215 0.994 	0.0142 	0.996 	0.0142 
4 	0 	1.0 	0.996 	1.217 	1.219 0.998 	0.0127 	0.994 	0.0127 
4 	0 	1.5 	0.994 	1.217 	1.248 1.019 	0.0192 	0.969 	0.0182 

6 	0 	1.0 	0.997 	1.825 	1.871 1.022 	0.0233 	0.972 	0.0221 	1 
6 	0 	1.5 	0.997 	1.825 	1.877 1.025 	0.0246 	0.969 	0.0233 	t; 

1 

4 	1 	0.5 	0.995 	1.217 	1.241 1.014 	0.0170 	0.975 	0.0163 
4 	1 	1.0 	0.995 	1.217 	1.274 1.041 	0.0179 	0.950 	0.0163 

• 

6 	1 	0.5 	0.992 	1.825 	1.929 1.048 	0.0620 	0.939 	0.0555 
6 	1 	1.0 	0.996 	1.825 	1.841 1.006 	0.0206 	0.989 	0.0202 
62 	1 	1.5 	0.996 	1.828 	1.912 1.042 	0.0317 	0.952 	0.0290 

__-__________ 	. 	  

!. 

'Because these statistics combined five replications, the degrees of freedom used in the calculation 
of the standard deviations were 104 instead of 5x20 = 100. As a result, these values are .98 of 
the ones found in Table 2A. The ratios are comparable. 

2These calculations were based on four replications rather than the five used in the other combina-
tions. 

3
For samples of 400 the theoretical minimum mean square residual runs from .0100 for a zero width 
test exactly on target through .0225 for a rather wide test somewhat off-target. 
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REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=6 L=21 	SAMPLE: M=1 S=1.0 N=400 

	

REGRESSION: 	Y=1.01X 	X=0.99Y 



TABLE 4 

THE REGRESSION OF BICAL ITEM ESTIMATES ON THEIR GENERATING PARAMETERS - 41 ITEMS BY 800 PERSONS 

Test 	 Sample 	Correlation 	Standard 	Regression of 	 Regression of 
H=0 L=41 	N=800 	Between 	Deviation 	Estimate on Parameter Parameter on Estimate 
Width 	Mean Std.Dev. Estimate and 	of 	 Mean Square 	 Mean Square 

W 	M 	S 	Parameter Param. Est. 	Slope 	Residual 	Slope 	Residual! 

2 	0 	0.5 	0.993 	0.593 	0.602 1.009 	0.0051 	0.978 	0.0049 
2 	0 	1.0 	0.990 	0.593 	0.600 1.001 	0.0071 	0.979 	0.0070 

4 	0 	0.5 	0.997 	1.186 	1.200 1.009 	0.0075 	0.986 	0.0073 
4 	0 	1.0 	0.998 	1.186 	1.195 1.005 	0.0071 	0.990 	0.0070 
4 	0 	1.5 	0.997 	1.186 	1.191 1.001 	0.0080 	0.993 	0.0079 

6 	0 	1.0 	0.999 	1.779 	1.798 1.009 	0.0091 	0.988 	0.0089 	1 w 
6 	0 	1.5 	0.998 	1.779 	1.803 1.012 	0.0109 	0.985 	0.0106 	w 1 

4 	1 	0.5 	0.996 	1.186 	1.202 1.010 	0.0105 	0.983 	0.0102 
4 	1 	1.0 	0.997 	1.186 	1.182 0.993 	0.0092 	1.000 	0.0093 

6 	1 	0.5 	0.998 	1.779 	1.818 1.020 	0.0129 	0.977 	0.0124 
6 	1 	1.0 	0.998 	1.779 	1.787 1.002 	0.0121 	0.994 	0.0120 

, 
'Because these statistics combine five replications, the degrees of freedom used in the calculation 
of the standard deviations were 204 instead of 5x40 = 200. As a result, these values are .99 of 
the ones found in Table 2B. The ratios are comparable. 

2 For samples of 800 the theoretical minimum mean square residual runs between .0050 for a zero 
width test exactly on target through .0112 for a rather wide test somewhat off-target. 



FIGURE 12 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=6 L=21 	SAMPLE: M=1 5=1.S N=400 

	

REGRESSION: 	Y=1.04X 	X=0.95Y 
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where 
exp(bv  - d i ) 

Pvi 	1 + exp(bv 
- d

i
) • 

It is then convenient to express these statistics in 

the form of mean square residuals. For the overall fit of item 

i this is 

N 
v = Ez 2 	L 	 (27) vi 

(N-1) (L-1) 

which has an expected value of one and a variance of 2L/((N-1)(L-1)]. 

A corresponding mean square for the fit of person v is 

L 
vv = Ez 2 . 	 (28) 

(N-1) (L-1) 

which has an expected value of one and a variance of 2N/NN - 1)(L-1)]. 

A fit mean square for the entire test is given by 

NL 
v = EEz2 	1 	 (29) 

vi vi (N-1) (L-1)  

with an expected value of one and a variance of 2/E(N-1)(L-1)]. 

If we represent the expected value of the standard devia-

tion of the item fit statistic v i as av 
 = /17717, and its observed 

value over items in any particular calibration as s v , the ratio 

sv/av 
can become a useful part of the fit analysis, because it 

standardizes the dispersion of the item mean squares around an 

expected value of one. 

The fit statistics for the various simulations are given 

in Tables 5 and 6. In Table 5 the observed value of the test 

fit statistic v is compared with its expected value of one. The 



FIGURE 13 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=2 L=41 	SAMPLE: M=0 S=0.5 N=800 

	

REGRESSION: 	Y=1.01X 	X=0.98Y 
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fits are closest to expectation when the test is narrow (W = 2). 

Regardless of test length the fits drift slightly below one as 

the tests become wider. The departure below expectation is 

about the same at the different levels and dispersions of 

sample ability, so sample properties do not appear to have a 

significant influence on these fit statistics. However, the 

longer test (L = 41) shows less departure below expectation 

in its fit statistics than does the shorter test (L=21). 

The standard deviations of the item fit statistics within 

tests are analyzed in Table 6. There is an inflation above 

expectations with short, wide tests (L = 21, W = 6). The 

ratio (s /a ) becomes as large as two for wider tests (W = 6), 
v v 

regardless of test length. This is twice the expected value of 

one and indicates that the item mean squares even when data lit 

the model can be substantially more dispersed around one than 

the approximate theory for the distribution of these residuals 

implies. 

Table 6 also shows that the expected ratio of one is 

found on narrow tests with centered and moderately dispersed 

samples (W = 2, M = 0, S = 1.0) and on average width tests with 

off-center, narrowly dispersed samples (W = 4, M = 1, S = 0.5) 

for tests of both lengths. But the theoretical ratio is clearly 

a bit too low for evaluating the fit of wide tests (W > 4) taken 

by dispersed samples (S > 1.0). Obviously a relaxation in the 

reference value used is required when judging item fit in 

real data collected under such moderately extreme circumstances. 



FIGURE 14 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=2 L=41 	SAMPLE: M=0 S=1.0 N=800 

	

REGRESSION: 	Y=1.00X 	X=0.981 
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• 

TABLE 5 

AVERAGE MEAN SQUARE FIT STATISTIC OVER ITEMS 
(Means of five replications) 

Test: H=O, W, L=21 	 Sample: M, S, N=400  

Average Fit Statistic V 

M = 0 	 M = 1  

	

Test 	 Sample 	 Sample 

	

Width 	 Dispersion S 	 Dispersion S 
0.5 	1.0 	1.5 	0.5 	1.0 	1.5 

1 	 0.99 0.99 
2 	 0.99 0.99 0.99 	0.99 0.98 
3 	 0.98 0.98 	0.98 0.98 0.97 
4 	 0.97 0.96 0.97 	0.96 0.97 

6 	 0.95 0.94 	0.93 0.94 0.94 

Test: H=0, W, L=41 	 Sample: M, S, N=800 

Average Fit Statistic V 

M = 0 	 M = 1  

	

Test 	 Sample 	 Sample 

	

Width 	 Dispersion S 	 Dispersion S 
0.5 	1.0 	1.5 	 0.5 	1.0 	1.5 

2 	 0.99 0.99 

4 	 0.98 0.98 0.98 	 0.98 0.98 

6 	 0.97 0.96 	 0.97 0.98 0.98 



FIGURE 15 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=4 L=41 	SAMPLE: M=0 S=0.5 N=800 

	

REGRESSION: 	1=1.01X 	X=0.991 
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. 

TABLE 6 

STANDARD DEVIATIONS OF MEAN SQUARE 
FIT STATISTIC OVER ITEMS 

(Means of five replications) 

Test: H=0, W, L=21 	 Sample: M, S, N=400  

Standard Deviation of 
Fit Statistic s

v 

M = 0 	 M = 1  

	

Test 	 Sample 	 Sample 

	

Width 	 Dispersion S 	 Dispersion S 
0.5 	1.0 	1.5 	 0.5 	1.0 	1.5 

1 	 .03 	.05 
2 	 .04 	.05 	.07 	 .04 	.07 
3 	 .06 	.07 	 .06 	.07 	.08 
4 	 .06 	.07 	.09 	 .07 	.10 

6 	 .14 	.16 	 ,12 	.13 	.17 

Expectation of sv is av = .07. 

Ratio s /a V V 

- 

M = 0 	 M = 1  

	

Test 	 Sample 	 Sample 

	

Width 	 Dispersion S 	 Dispersion S 
0,5 	1,0 	1.5 	 0.5 	1.0 	1.5 

1 	 0.4 0.7 
2 	 0.6 0.7 1.0 	 0.6 	1.0 
3 	 0,9 1.0 	 0.9 	1.0 1.1 
4 	 0,9 1.0 1,3 	 1.0 1.4 

. 	6 	 2.0 	2.3 	 1.7 	1.9 	2.4 
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REGRESSION OF 8ICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=4 L=41 	SAMPLE: M=0 S=1.0 N=800 

	

REGRESSION: 	T=1.00X 	X=0.99T 
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TABLE 6 

STANDARD DEVIATIONS OF MEAN SQUARE 
FIT STATISTIC OVER ITEMS 

(Means of five replications) 

Continued  

Test: E=0, W, L=41 	 Sample: M, S, N=800 

Standard Deviation of 
--- Fit Statistic s 

• 	 V 

	

= 0 	 M = 1 

	

Test 	 Sample 	 Sample 

	

Width 	 Dispersion S 	 Dispersion S 
W 	 0.5 1.0 1.5 	0.5 1.0 1.5 

2 	 .03 .05 

4 	 .04 .06 .08 	.05 .07 

6 	 .08 .12 	.07 .15 .13 

Expectation of s v  is av  = .05. ' 

Ratio s /a v v 

	

M = o 	 m - 1  

	

Test 	 Sample 	 Sample 

	

Width 	 Dispersion S 	 Dispersion S 
W 	 0,5 1.0 1.5 	0.5 1.0 1.5 

2 	 0.6 1.0 

4 	 0.8 1.2 1.6 	1.0 1.4 

6 	 1.6 2.4 	1.4 3.0 2.6 



FIGURE 17 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

TEST: 	H=0 W=4 L=111 	SAMPLE: M=0 5=1.5 N=800 

	

REGRESSION: 	T=1. 00X 	X=0. 99T 
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Summary  

The Rasch response model used by BICAL implies ideal 

consequences for residuals from the model. The residuals 

actually observed in a calibration are summarized into mean 

square residual fit statistics for individual items and for 

the test as a whole. It is unrealistic to expect the results 

of simulations to match the ideal consequences exactly, but one 

can ask, "To what extent do the results, and hence the algorithm 

they document, approximate these ideals?" This is an important 

question, as the ideals are the frame of reference from which 

an experimenter must judge the fit of any real data. 

The simulations reviewed show that, when test and sample 

properties are in approximate rapport, then the expected fit 

statistics can be used to evaluate fit and, when fit is obtained, 

that good parameter estimates are also obtained. These simula-

tions also show that when sample and/or test characteristics 

are pushed to extremes, residuals more widely dispersed than 

those anticipated by the model can result. 

In serious practice genuine attempts are ordinarily made 

to avoid unruly situations. Should extreme conditions neverthe-

less arise, the experimenter can qualify the interpretation of 

his results in terms of the trends shown in these simulations. 

As sample or test spread out beyond typical values, variation 

among the item mean squares for data simulated to fit the model 

increases to twice that expected by the model. At the same 

time, the total mean square falls slightly below its expected 



FIGURE 18 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=6 L=41 	SAMPLE: M=0 S=1.0 N=800 

	

REGRESSION: 	Y=1.01X 	X=0.99Y 
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value of one. When judging the fit of real data for either a 

wide test (W > 4) or a wide sample (S > 1.0), it would seem 

reasonable to be tolerant of item mean square dispersions 

somewhat larger than expected, but to work toward average 

mean squares falling slightly below one. 



FIGURE 19 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=6 L=41 	SAMPLE: M=0 S=1.5 N=800 

	

REGRESSION: 	Y=1.01X 	X=0.99Y 



FIGURE 20 

REGRESSION OF BIM. ESTIMATES ON THEIR PARAMETERS 

	

TEST: H=0 W=4 L=41 	SAMPLE: M=I S=0.5 N=800 

	

REGRESSION: 	1=1.01X 	X=0.981 



FIGURE 21 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

TEST: 	H=0 W= 11 L=41 	SAMPLE: M=1 S=1.0 N=800 

	

REGRESSION: 	1=0.99X 	X=1.001 
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REGRESSION OF BICAL ESTIMATES ON THEIR PARRMETERS 

TEST: 	H=0 W=6 L=41 	SAMPLE: M=1 S=0.5 N=800 

	

REGRESSION: 	Y=1.02X 	X=0.98Y 



FIGURE 23 

REGRESSION OF BICAL ESTIMATES ON THEIR PARAMETERS 

TEST: 	11=-0-  ^ W=6 L=41 	SAMPLE: M=1 	S=1.0 N=800 

	

REGRESSION: 	1=1.00X 	X=0.99Y 
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VI. DESCRIPTION OF PROGRAM FLOW 

BICAL consists of three majorsections: input, estima-

tion, and fit. The input section reads control cards, processes 

the person records, stores them for a fit analysis and computes 

the item and person marginals for the estimation section. 

This involves sub-routines PAGE, REDOP and EDITD. 

The estimation section is controlled by sub-routine 

ESTIM which includes calls to PROX, UCON and ABLTY. These 

routines calculate from the marginal person and item score 

distributions the estimates of ability and difficulty. 

The parameter estimates from ESTIM and the person file 

prepared by REDOP are combined into an analysis of the fit of 

the data in sub-routine FITCS. This routine computes a mean 

square test of fit for each item and organizes the results 

for SMMRY, which prints the fit summary table. 

Description of Major Sub-routines  

Sub-routines called from the mainline are, in order of 

call, PAGE, REDOP, EDITD, ESTIM, GRPm and FITCS. The other 

routines produce special output but do not manipulate data. 

PAGE (I, J, K)  

Reads control cards and handles pagination. 

Arguments: 

-63- 
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I = 1: initialized program, read control cards 

2: begin new page, write title and page number 

3: punch header card for output item file 

4: count lines written on current page; if 
greater than 50, begin new page 

J (needed only if I = 4) 

1: item difficulty table 

2: item fit table 

3: item fit summary table 

K (needed only if I = 4) 

Counts number of lines; must be initialized in 

calling routine. 

REDOP (IDATA, IB, IS, ISEL, MATX, IA, ID, DIFF)  

Reads person records, writes temporary file and pre-

pares marginal distributions of ESTIM. 

Subroutines called: PAGE, TRANS, SCORE, RESIM 

EDITD (IB, IS, ISEL, MATX)  

Eliminates zero and perfect scores from item and person 

files. 

ESTIM (IS, IB, DIFF, ARIL, ISEL, MATX, KCAB)  

Estimates item difficulties and person abilities 

based on the marginal distributions given in IS and IB. 

Arguments: KCAB = 1: normal approximation: PROX 

2: unconditional maximum likelihood 

Subroutines called: PROX, UCON, ABLTY 
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GRPM 	(DIFF, Z, IB, ISEL, NSEL, MATX, IDATA, C, IS,  
ABIL, A, ID)  

Rereads person file and establishes groups of equal 

size; computes basic fit statistics. 

FITCS (Z, C, IB, ISEL, NSEL, RIFF, ABIL, IDATA, MATX, A)  

Computes "among group" fit statistics and prints fit 

statistics. 

SMMRY (DIFF, A, IDATA, IS, MATX, ISEL, C, IB)  

Prints fit summary statistics in sequence, fit and 

difficulty orders. 

The subroutines called by ESTIM are: 

PROX (IS, B, DIFF, ABIL, ISEL, SE, M)  

Calculates initial estimates of ability and difficulty 

based on Cohen's normal approximation. The estimates 

are returned in arrays ABIL and DIFF with standard 

errors in SE. 

UCON 	(IS, IB, DIFF, ABIL, ISEL, SE)  

If requested, computes corrected unconditional maximum 

likelihood estimates of difficulty. 

ABLTY (ABIL, DIFF, SE, IB, ISEL)  

Given the final difficulty estimates, computes the 

corresponding ability estimates for all scores. Prints 

the difficulty estimates summary table and the score 

equivalence table. 
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FORTRAN SOURCE LISTING 
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LUC 	STATEMENTS NEEDED TG MCDIFY BICAL FOk CDC ARE MARKED BY CDC 

	

CUC 	PkOGRAM BICALIINPUT,DUTPUT.PUNCH.TAPLI. 
CUC 1 TAPES=INPUT.IAPEu=UUTPUT.TAPE7=PUNCH) 

OU01 	 U1MENSION AOILI100).O1Fe(U40),I8(160),ISI180).MATX(/300) 
OUU2 	 OIMLNSIUN AI4dU).L(4B0).1UIltiOJIIIDATAIlb01sNSEL(lb0).SNAME(180) 
UuUJ 	 LJIML1.61LN OLAD112),ISELIIsUl.SLildU),TZI180).L1lbU), 

IALAut14).4LAbi).XLAti(12).YLAb(12).SSW(180).SS112(100).SII180) 
00U4 	 OIMLN:ilLN LAI100).PD(100),STATI26/sEA11801.14LAB(141 
UuU5 	 DATA YLAU/s1".41.0T4.41 .01.60 6.4.180L4OSIOTell° 	*/ 
Outib 	 OATA XLAB/6P°.°L41.6ks.'S400°.'N's° 604608°.°L1.111.4.°Y6/ 
UOU7 	 UATA ULAU/sus.°1•10F•s°F°.°11.8C'slUss•L'IOT°.°/"/ 
Ou0d 	 UATA ALAb/406.11°.4S60Csolks.•11.°M•ON'OT'o'Im.°W.°N6/ 
UJJ9 	 UATA ZLAB/1T4OUI.IT's•A°.°L°.° 'OTIO 401-6.4L°056.61-6/ 
UVIU 	 DATA viLAB/60°.°E.°01-60.181,IN°.° •01-611° 601.40E4.15.°.°Te/ 
UU11 	 t..61■01UN 'NI TLMs NkaiALPsiNlIsiCs MA XSC sLt:LC: oNSUBJ IC•KCAO • I SW(11) 

liphAME 
uU12 	 CUMMON/MISC/CFIT.MukUP.MSUbJ.IUK 
Uu1.3 	 CUMMON/OCK/ATAN.AISU.LUGPI1NUEL.NDEL1 
vU14 	 CUMMUN/PLOTk/VMIN,YMAX.AMIN.XMAX$NRUW.NCOL 
UU1S 	 CuMMON/PrIT/ PelYS.Pf.ITSU 
Oulu 	 IUK = 
UU17 	 NuEL = 
UUld 	 WkITE(6.105) 
UUI9 	 I CALL PAGL(IsJ1 
Uj2U 	 CALL kLUGP(IUATA.113.1SoISEL.A.C.DIFe) 
Uuifl 	 LUCP = U 
uU22 	

_ 	. 	. 
4 	NULL1 = NOEL 

UU23 	 If-(NUEL.GT.0)CALL PAGE(2.JI 
u024 	 CALL EUITU(luolSoISEL.MATX/ 

CALL cSTIMIIS.Id.OIFF.SL.AUIL.ISEL*MATX.KCAB.SEAJ 
CALL NEwTAB OWIL,IbiloOli- e$0.2./SELIIMATX(NITEM+1)) 

uu27 	 CALL PAGE4b.J) 
UU2o 	 CALLUkPM(Ulk-e.4111UsISEL.NSEL.MATX.IDATA.C.IS.ABIL.A.ID. 

*bLII.N.Sw2*LitAl . 	_ 
.402 
OUJV 	 b 	hkItE(0.1U4/NuLL 
UO31 	 CALL PAGt(6,J) 
UuJZ 	 *RITE(6.102/PFITS.PFITSU 

CALL PLOI(VLAw,ALAUJ 
MkITL(u.10b1 NULL.CF1T 

bo4a 	 CALL PAk,E(6.JJ 
UU3b 	 GU 	7 	 . 

- 	t:J+.:j/ 	 b CALL PA6L(2.J1 
uu-st$ 	 kLkilt(b1102JVFITS*PkITSU 
Uuiv 	 CALL PLCIAYLALIIIALAW 
Ou40 	 CALL PAGE(5.41 
uJ41 	 CALL PAuE(2,J) 
uu42 	 7 	It-INDLL.CT.o) 	kJ 4 
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4444 	 CALL F1ICS(4.otelbelbLLIINSELoUIFFIDSE,AUILoIDATA,MATX$A.SSIreSSV24, 
41. /..PdIrEX.S1) 

u044 	 CALL SMAkY(O11-F•A.L.IUATA.ISIrMATX.ISEL.C*18.SL.TZ.EX,P6.STATI, 
*S1) 

444D 	 CALL PAGE(2.Ji 
ukago 	 oklIE46.1001STAT(4) 
0u47 	 AMIN = -2.5 

AMA.< = 2.5 
UU4v 	 U0 2 1=1.NI1LM 
U0b0 	 1*- 11bLL(1).LtI.U1 tali IrLi 4 
U051 	 AMIN = AMIN11AMIN.DIFF(1)1 
GOb4 	 K=IoATAINITEMI 
UuSo 	 XMAX = AMAXItAMAX•UIFFIII) 
UlJ4 	 k 	CuNTINUE 
4v56 	 CALL PICT(Oler.14.1bLL.U.U110.0.0LAUsZLAB) 
uU542 	 LALL PAuL12.0) 
U0b/ 	 hkIlL(0.1081s1AT(7) 
uubo 	 VMIN=-4.0 
U009 	 WMAA = 12.0 
OuoU 	 CALL_ PICT(01Fi- seti•lEL.04.0$6.01pULAO.MLAb) 
OUUI 	 CALL PAGE12.01 
4402 	 akITEtbe1011S1AT(Z) 
vuo0 	 WMIN=0.0 
Ui.104 	 YMAX = 2.0 
uuoa 	 CALL tlICI(UIFF.A.IScL.0.0.1.0.DLABoALAO) 
4u00 	 XMIN = 	0.0 
uUti7 	 AMAX = 	2.0 
Oubd 	 YMIN=-10.0 
440y 	 YMAA=10.0 
UU70 	 CALL PAC,E(2.01 
uu71 	 MRITE(6.104)bIATIb) 
OU7Z 	 CALL PICTIA.TtoISEL.1.0.0.0.ALABoLLAW 
u07:1 	 XMIN = -4.0 
u074 	 AMAX = 12.0 
U476 	 ‘ALL PAcit.(2.0/ 
UU7o 	 MatIlE(bolU7) 
U471 	 CALL PIC1(Po.14.1bEL.0.0.4.0.WLA5.[LAL) 
u074 	 t,0 TO 1 
u07v 	 100 FuRMAI(/2vX•ILTAL FIT T—TEST (Y) VERSUS DIFFICULTY (X) 41 .2X. 

41,0 (LUI-ii. 	6 .a-4.°)°) 
446U 	 101 FGFMA11/iJA0u1z.ChIMINATIUN (Il)-VS DIFFICULTY (X) (CORR = 6 . 

41-. 6 ) 4 ) 
4461 	 lust FuhMAII/27X0AOILITY UY FIT T-TLST FOk EACH PERSON (MIT = 1 . 

440.2.° 	bUI z- 4 .1-u.20/ 4 ) 
U4o4 	 luJ UuhmATIIA.(021 6 - 1 )//IXOThLbE 8 .1b0 PERSONS WILL Lit EMITTED FROM R 

4, tCALtoAAlluN°I 
Oji13 	 IU4 fuRMAI(/27X•IL6lAL FIT T - IEUT (V) VERSUS DISCRIMINATION (X) (CCR 

441. = o.Fb.20)1/ 
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U0b4 	 1u5 FGAMAT(IMI////////25X*64(**°1/5(25X0***BIXO."/).25X0* 6 .14Xe s * * 
I • * * * BICAL 	V E R S I ON 3 * * * * 411 6 .14X0* 0 /51125Xe 
2°*•edIXe°*°/Je 
Jb(25X•* 1 .81,0(01 * 41 /).2bX0* 1 1.10X0DIRECT ENQUIRIES TO:0051X0*°/25X 
4.'0 6 .20X0SUbAN k. UELLie48X0**/25X0* (1 1,20X0C/0 BENJAMIN D. WRIG 
bHT•sJ9X•**/2LIXO*I.20X1011 0tPARTMENT OF EDUCATION 8 .38X0*°/25X0*e. 
b26X.suNIVO4.s/TY OF CNICAGO's40X040/25X0*°.20X05635 S. KIMBARK A 
7VENUE.•.:201.04"/2bX0*Is2OXOCNICAGO. ILLINOIS 00647°.:i7X. 4 4"/25X. 
b°4"1 020X0131.e/ 7bj.....3U/t0,147X.i**/25X0*°620X101.312/ 753-4013 6 .47X, 
4:01 4 1 /4125X0i0.81X0*./11125Xs**•104X. 
WCUPYRIGHT uY kUNALi) J. MtAD. aLNJAMIN D. WkIGHTe AND SUSAN Re BEL 
IL 1197501 6 .4AO* 6 /3125X041"081X0Se/1.25X.83( 1 **)1 

4085 	 10b FUkMAT(/* Tvit 0 .14.° PtR4UNS hITH FIT ABOVElgiF0.20 WILL BE OMITTED 
• FkUM RECALIbmAIlat0) 

U080 	 1u7 eLl■ MA11/34XOTLIAL Fit I—YELIT (Y) VERSUS BETWEEN FIT T•7EST (X)°) 
two?' 	 108 FUPIMAT1/.:11X0dtiWtLN FIT T — TEST (Y) VS DIFFICULTY (X/ (COkR = 

4114. 5.401 6 1 
Olio* LND . 	. 
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0001 	 SWAGUTINE AULTY(AU.D.SEC.SE.18.1SEL.M.SEA) 
0002 	 DIMENSION AlitligoD111.SECL13.SE(1),ISLL(11.18(1).5EA(1) 
uuUJ 	 COMMCN NITEMIoNG1sOP.M/NSCoMAXSCIDLItECoNSU8J.1C.KLAU.15W(11) 

1•SNAME(1) 
UUU4 	 COMMUN/OCK/XTMN.XTSO 
0005 	 _ 	DATA [ILK/4N 	/.AST/1H./ 
4u0o 	 LL1NE=0 

. 0007 	 L=NITEM 
000o 	 J=NITEN+LRE.C. 

C**CHANOE. TO EXPONENTIAL SCALE 
0009 	 210 CuNTINUE 
0010 	 LI=LRLC-1 
uUl/ 	 11- 1M.Ea.1/ tiU YU 1 

C**UEGIN LOOP ON SCORE GROUPS _  
0012 	 uU k14 K=1.1.1 

C**BEGIN ITEkATILN LULP 
4401J 	 UO 215 ITK=Iiro 
u01.4 . 

SLIIX 1=0.0 	
_ 

0016 	 Uu=U.0 
C*168E(,IN LOOP OVEk 1TO45 

0017 	 00 11t. 1=1.1. 
0018 	— 	 1F11SEL(I))216.216.213 
0019 	 213 P=LXPIAfi(K)-0(1)) 
0U20 	 P=P/11.0+P) 

C**COMPUIL SUM OF P AND PO 	 . . . 	. 
se(ix) = 5E11X) + 

0022 	 DO = 01) + P 
0o23 	 216 CONTINUE 
uuk4 	 Uu=(K-01))/SEI1X/ 
0u25 - 	 A6IKI=AU1K14-OU 

C**ChECK FCk CONVEk4ENGCE 
Uuko 	 le1A0S(DU)-0.051214.215.215 
ut.21 	 215 C(.NT1NuL 
UU4o 	 k14 CONTINUE 
0u29 	 UU CI CO I=1.LI 

C**FINAL AolLITIE4 AND STANDAW) ERRORS 
00.S0 	 IX=I+L  
0u31 	 Ab11)=A8(1)*(LkEC-2)/L1 
00.-32 	 SL11X)=1.0/StATISE(1X)1 
0u33 	 9198 SEAL I) = SE1IA1 

CS*CHANCIE IL LUG SCALE 
uu34 	 o6 C200 1=1.1 

11- 11.1.11/400.9200.9199 
UuJo 	 91*C 1A=1 +L+LREL 
0u37 	 SLCII)=1.0/ukTISEC(I1) 
u0.34 	 9200 CONTINUE 

00*PRINT AUILITY TAoLt 
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00.19 	 1 	WRITE(6.200/ 

	

UU40 	 v141 .1E16.201,1 

	

uU41 	 RUUT=0.0 

	

uU42 	 LLINE = 0 

	

OU4j 	 DU 4 1=1.NIIEN 

	

Uu44 	 IF(ISEL(I)) 4. 4. 5 

	

uu45 	 5 	CALL PAGE(4.LLINE) 

	

004o 	 IfiLLINL.GT.0.) GO TO 51 

	

uG47 	 whITE(o.200) 
tr./4 ki WkIIEI6.2011  

	

try4.2) 	 bl 	ROCA = RuOT * 5E11)4'5E41) 

	

UU5U 	 IXX = I + 

	

uU51 	 ILL = IXX + N1FEM 

	

UU52 	 Y = WILL) 

	

uubj 	 ahlTE(6.101)1.SNAML(I)•011/sSEC(I).SE(11.D(IXX).Y 

	

uu54 	 4 CONTINUE 

	

Ut.oa 	 9 	ii00I=k061/((... -1) 
UU5b kOOI=ORItku011 _ _ . 

	

Uu5/ 	 IN5=0 

	

uU5ti 	 UU20=U. 

	

uu59 	 X1. 55=0. 
(Juba XTS52=0. 

	

- Oubl 	 4UU0 NTS=1.1.1 

	

UU64 	 XISS=XTSS+1u1NTS)4ABINTS/ 

	

uUti,1 	 4U00 	IN5=1N5+10(14I5) 

	

Oup4 	 XTMN=XI55/IN5 

	

uuba 	 Ou 40u1 K=I.L1 

	

uubb 	 X = ALIIK/ - ATMN 

	

uUd7 	 Uu20=UG20 + la(K)*X*X 

	

Uubd 	 IX = K + NIIEM 

	

uut0; 	 4001 XISS2=XISS2 + St(1X)*SE(1)0*113(K) 

	

Uu70 	 XTS52 = Oci2U - XTSSZ 

	

uU7I 	 Du20 = X1552/UG2U 

	

OU72 	 If- IXISS2.LL.O.U/6U TO 301 

	

OU74 	 XISU=OkT(X1t./INS) 

	

Gu74 	 GO TO 302 

	

uu73 	 J01 XISO=0.0 

	

uu7o 	 302 hk1It(6.105) tcOuT 

	

uu77 	 CALL PAGEI5.JA 

	

Uu7a 	 CALL PAGE(2.J) 

	

wu79 	 ihkI/E(d.102) 

	

UUbU 	 K=Lf,ti. - 1 

	

uubl 	 LI = K 

	

uub2 	 Ou IU 1=1.1..1 

	

liwoJ 	 N=IAdIK/+u.u)*7.0 

	

uud4 	 li- ( N.GT.d4)N=d4 

	

uuu5 	 IX=K+NIIEM 

	

uudu 	 whiTL(0.103)K.IWK).Ad(K).5E(IX).(6LK.J=1.N).AST 
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Oub7 	 10 	K=K-1 
uUdd 	 VikITE(6.1041(1.1=1.6/.0020 
Uub9 	 CALL PAGLI5.J) 
u090 	 101 FOkMATIIH .16.2X4H 1 .A4.3H 1 .F6.3.4XF9.3.2X3F9.3.2X3N ii) 
Uu91 	 102 FOkMAT(/* CUMPLETE SLORL EUUIVALENCE TABLE6/1X3446—"1.1301------4" 

11/* 	RAW°.1UXOLOG 	STANUARD 11°.20XOTBST CHARACTERSTC CURVE'," 
23AISCORE COUNT ABILITY tkkUkS 116/1X31('—'10j111".13I° 	 4-'1'71 

04.J2 	 1U3 FURMATI17.1tJo2e9.2.1 	Wok:OJAI/ 
OU9J 	 104 fORMATI1X31(1-4/011+1.13(i------."//33X0-6 	—5 	—4 	—3 

1 	—2 	—1 	 Uls617//' PEkSON SLPARABILITY INDEX..F6.2.2X. _ 
2'ILUUIVALENI TU KR20)°) 

UU94 	 1U5 HJRMAE(IX74('—°1/25X18HkUOT MEAN SQUARE =.F9.3) 
U09* 	 200 FORMAll'Oss/416—')/IM . 	8NSLOUBNCLs4N 1 	s4HITEM.4H I .3X 

11ITLMs.6XOSTANuAmO".3X9HLAST UIFF.3X0PROX is4X0FIRSTI.5H II ) 
0090 	 201 FOkMATIIH sitt NUMbtks5H I 	.44NNAME.4h 1 	.10HD1FFICULTY.X5HERROR 

IsJX1OH CHAN:Jc. 	....4XOUIFt" le4X0CYCLE°.511 	ji /1X.7401-6/I 
0097 	 kLIURN 
OU90 	 ENO 	 _ _____. 	. 

, 
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u001 	 SUBROUTINE CLtAkIXAXIS.VAXISIrKPLOTI 
0002 	 (AMMON /GkIU/ 6+41014080) 
O003 	 COMMON/PLOTIA/WMIN.YMAX•XMIN•XMAX•NROW•NCOL 
u004 	 uATA OLK/• 0 /4,uUT/ 6 . 1 /11uASH/ 4 - 0 /•PLOS/°+°/s6AR/•1•, 
0005 	 L = NLOL * 	NRUW + NCOL 
000b 	 DO 1 1=1,1. 
0007 	 1 	tik1U(1)=bLK 
000a 	 IX = IYAXIS - YMIN//lYNAX-YNINJ * NRUW 

IF(IX.LE.O.Uk.IX.GT .NROw)IX = NROW/2 
()WU IX = NCOL *(NkOW-IX) + 1 
0011 	 K = L -NCUL 
0012 	 UO 2 I=1.NCuL 
uu13 	 K.T.  Ks 
0014 	 (RIDIIX) = UUT 
001i 	 GkIUI11=0A511 
0010 	 GNIU(K)=UASH 
0017 	 2 	IX=IXt1 
uul8 	 1X=IXAXIS—XMIN)/(XMAX—XMIN/ *NCOL 
UU1 	 = NCOL/2 
uU20 	 K=1 
0021 K1 = NCUL • 
0J22 	 Dia 3 1=1.NRuw 
uu2:3 	 Ii. IKPLOT.E0.1/GkI0(IX) m DOT 
0024 	 = BAR 
002a 	 = bAit 
UUdb 	 K = K t NCUL 
u021 	 AI = K1 + NLOL 
0u24 	 3 	LA=IX+NCOL 
09 	 K = NCOL * NHOW 
0030 	 Ou 4 1=10•NLUL.10 
6031 	 GNIU41I = PLUS 
u032 	 K=K+1U 
Uu4.3 	 4 	6►-41U(K)= PLUS 
0u:34 	 IX = beNCOL 
003* 	 014 b 1=1•L.IX 
uuJu 	 G1.10(1) = PLUS 
u0J/ 	 K=I + NCOL 	1 
0034 	 b 	GIAIU1K/ = PLUS 
UU.) 	 kLTUUN 
UU40 	 tNU 

_ 	. 
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0001 	 SUbkOUTINL tul1UI18.15.1bELsMATX/ 

	

0UO2 	 D1MLN51UN 16111.15111.15EL14/ 

	

0u04 	 (AMMON NITbM.NukUP.MINbL.NAXSCIILRECIINSUBJ.IC.KCAbillSW(11) 
I.SNAML(1) 

	

0J04 	 LLMMuN/MISC/LFIT.MGkOPIrMSULJJ./5K 

	

uuU5 	 NLAJw=U 

	

 
0u05 	 NHIGM=0 

	

0U07 	 1TCK=U 

	

OuU6 	 NUUY=0 

	

0J09 	 IX=U 

	

Uu10 	 1F1NGkOP.LE.01 NGRUP=30 

	

Gull 	 L=LKLO 

	

0u12 	 My L-1 
11=1MAXSC-1.12.1.1 

	

0u14 	 1 MAXt,C=M0 
C**COUNT HIGH AND LOw SCORES 

	

0015 	 2 UOLiu L=1.140 

	

UUla 	 IF(/-MINSC)4.6eb 

	

Oul7 	 4 NLOw=NLOW+10(11 

	

OUlo 	 GU TO 66 

	

01.49 	 5 li- 11-MAX5L/poo$7 

	

Uu20 	 b 1X=1X+10(1) 

	

UO21 	- 	 GU TU 

	

0022 	 7 NHIGH=NHIGH+lull/ 

	

Utr.1 	 68 LUNT1NUE 

	

0u24 	 NLuit = NLOW + lt3K 

	

- Gu2o 	 Mt.ubJ = NLOw t NNIGH + IX 

	

0u26 	 wklIth1(6.1U01M1NOsNLOWIIINAXSCIDNHIGHIIIXIIMSUBJ 

	

0u27 	 NSUUJ=1X 

	

Uu2b 	 wkILL(6.202) 

	

0U29 	 3 lelNSUBJ-NGkOP)9.99921 

	

003U 	 21 1F1MAXSC-MliNi5L/99.99.22 
C**bEG1N uUlT LOOP 

	

0U31 	 22 Ou lb 1=1.N1Tt.M 

	

6v32 	 K=1 

	

0O3.3 	 li- (15LL11)1 Idslbsa 

	

u034 	 d 1/- 115114/15.15. 

	

0u.:15 	 • 	 9 IF(15111-N5uuJ,118.10.10 
ClIt*CHeCK FOk PEkFcLT LTeM 5COktS 

	

UJJb 	 1U wkIlElu.2011/.SNAML11/.1S11) 

	

Uui 	 ITCK=1ILK+1 
C44, ADJUT MIN5C• MAKbL. AND lb AkkAY FOR REJECTED PEOPLE 

	

--- 0U46 	 11=IEL111 

	

o039 	 u2=11+1 

	

uu4a 	 ItaK = LbK + LULL/ 

	

U041 	 UU 14 J=J2.1.. 

	

0042 	 J1=J-ISI 

	

0u43 	 12 	lutJ1)=11.11.11 



FUKTRAN IV G1 hELtASE 2.0 	 EDITD 	 DATE m 79220 	 11/03/46 

0044 	 L=1.-1S1 
uu46 	 MAXSC=MAXSC-Ibl 
uu4o 	 MINSC=MINSC-151 
Uu47 	 IF(MINSC.GT.01 GO TO 13 
uu411 	 151=0 

M1h5C=I 
wool./ 	 00 11 J=MIN4C.MAXSC 
u051 	 11 	151=ISI*Ib1J1 
0.'52 	 NUUT=NOUT.NbUdJ-ISI 
uv53 	 h5UBJ=ISI 
u0 ► 4 	 MSULiJ = ISI 
poiJ5 
4.450 	 15E1_(1)=0 
uuo/ 	 GU 10 (18.3)41K 

C**C1-1-CK eim 2EkO IltM SCORES 
Uvbb 	 lb W, I1E(b.20011•SNAME(1).1511) 
UVO9 	 IICK=I+ITCK 
uub0 	 L=1.-ISEL(I) 
uuol 	 IFIL.GI.MAXbC1 till TO 13 
OuuL 	 UU 17 J=1_,MAXbC 
vuOJ 	 NoUbJ=NsUUJ-1121J1 
uvv4 	 M5UuJ = M5110.1 - 1B(J) 
uuub 	 NUU1=NOUI+101J) 
uwoo 	 Uu 17 11=1.141ILM 
0067 	 17 	15(11)=IS111)-1121J) 
UOvo 	 MAX5C=L-1 
Lwow 	 K=2 
Uu7k1 	 GU 10 1, 
uu71 	 id CLNIINUE 

C**PR1MT NESuLTS OF UAIA EUITTING 
Ou72 	 le(1ICK)19.19.20 
uU73 	 19 ► IITE(b.2111 
uu74 	 20 wHITE16.210INUUl.NSUBJ.ITCK.L.MINSCoMAXSC 
u075 	 /1.=1C-IICK 
uUto 	 L,E.U=L 
Uu77 	 1UK = 1bK 	NUUT 
UV -id 	 hETUAN 
uu7w 	 99 W411E10.102) IL.NSUUJ.MAXSC.MLNSC 
uub0 	 IOU kukMAII///1A.341°-•1/• SUBJECTS BLLOW°.5X*131,6X.14/ 6  SUBJECTS Aeov 

IL. 4 .5X.IJobX.14//9H SUBJECTS IN CAL111.114/1H .3211H-1/ 
215h TOTAL. 5uBJECTS.13XI5J 

uUol 	 102 kuk4A1145110 PKuBLEM ENDEU BECAUSE OF 1 GF THE FOLLOWING/ 
I' ITEMS tLAJ 114 6 .19/10h buBJECTS It RANGE 15/14h MAXIMUM SCORE 
215/14H MINIMUM SCukt 151 

Uub4 	 2U0 FLIANAT(1h •1.X•1.1,5A..14.4X•14.3X.9HLOw SCORE) 
OUdJ 	 201 FuhMAI(IH •1A.1JebX•A4.4X•14.3X•10HHIGH SCORE) 
v0B4 	 2U2 FU•MAT(111 .//lbh kEJECTLO IIEMS•//7H IIEM .3X4H1TEM.3X8HANSWERED/ 

17h NUkUE14.3x4s*NAME•3x91-1CURRECTLY/IX3501-61) 



FLKTftAN IV 61 htLEASE 2.0 	 EDIT() 	 DATE = 79220 	 11/03/46 

U06 	 210 FOhMAT(1X.3*0—*1/1M0.20H SloBJECTS OBI-ETU) =.15/21H SUBJECTS REMA 
1INING =.15//uX0ITLM jELETLID =6.16/4X0PbSSIULE SCOkE =41.15/16X. 
csMINIMUM SCuRt =11.15/bX1bHMAXIMUM SCORE =.15) 

00d6 	 f-UkMAT(lUXONUNcli 
bILP 

UU0d 	 LNU 



FUkTkAN IV GI NcLdASE 2.0 	 ESTIM 	 DATE In 79220 	 11/03/46 

	

0401 	 SUBkOUTINE ESTIMIISoIdsDIFFloSECoABIL.ISEL.SE .M,SEA1 

	

G002 	 DIMENSION IS11/1■ 11i11/.0IFFIlisSECII/sABIL(1),ISEL11/APSE(1/ 

	

uu03 	 OIMENION PhOC(3).SEA414 

	

U004 	 COMMON NITLM.NUAUP.MINSCoMAXSC.LRECoNSUBJIIIC.KCABoIS41111 
IsSNAME11) 

	

U4105 	 DATA Pk1JC/41/Pkt.X.4h6CON.4HERCR/ 

	

000o 	 CALL PAGEt2.J/ 

	

. ua07 	 WhlTElb.1991 PNUCiM/ 
C**141:44MAL APPRIU1kATIUN McTHOU 

	

000b 	 CALL PkLA11.16.01FFsbEC.AUILI,ISEL.SE.M) 

	

UUU9 	 Uu TO 13.1.1).M 
Cils4ECCAHLCIEu UNGLNO1T1UNAL METHOD 

	

UULO 	 I CALL UCONI1.11:i.U11-F.SEC.ABIL.ISEL.SE1 

	

UO11 	 3 CONTINUE 
C**COMPUTE FANAL ABILITIES, ANU PkINT TABLE 

	

0014 	 CALL AbLIV(AulLoUIFF.SEL.SLolds1SEL.M.SEA) 

	

UU13 	 199 FURMAIllhOOPkiJcLJUkt. lb  s.A4/ 

	

0014 	 htiUkN 

	

G015 	 LND 

• 



kURTRAN IV Ca RELLASE 2.0 	 FITCS 	 DATE = 79220 	 11/03/46 

OUUt 

	

	 SUbkOUTINE FITC54LLsbelbo15EL.NSEL.DIFF•SEC.A81L.IDATAeMATX.A.SSWe 
*SSw2.1.211PD.LX.S11 

ouUt 	 UIMtNSION IDIIIIII.S.EL(1).NSEL(1)1,DIFFI1/•ABIL(1),IUATA(1).MATXIII 
UJU3 	 ulMENSILIN EXT(u).VARIS),08S(8.).COMP(18).015C(5).Zto),STAT(2). 

*SbItilloSSW2l1/.1(11,T2(1I.EXCII.PUII) 
0u04 	 D1McNS14N Z.L41/.8(1),IGkLP461.A(1),I6T161.5EC11/..SE(6) 
uOUS 	 LuMMUN NITtMoNGRUP.MINSCoRAXSC.LREC.NSUBJ.IC.KCA8.1SMIIII 

1.NAME(1) • 
UJOE 	 PR11=1SW(8) 
UOU7 	 PkIT=PkIT/IUU.0 
uuUci 	 IVAISW(0).LU.U/ V1%111=-9999. 

C 11, *CLLAR ARkAYS 
GOU9 	 LL1Nt=0 
U010 	 CkIT=U.I 
0U11 	 UO 197 1=1.0 
UU14 	 4111=0.0 
0u13 	 UISL(I)=0.0 
0U14 	 C8S11)=0.0 
0U15 	 ILT(1)=0.0 
uUlu 	 bu.111=0.0 
u017 	 197 IUhUP(I)=0 

Lit*CCUNT NUMBER IN EACH SCUkE CROUP 
loUlb 	 LO 198 1=MINsL.MAXSC 
uulw 	 J=NSLLIII 
Uuti 	 II- (J)1 98.19o.190 
004:1 	 190 lukuPIJI=IGkuPIJI+18111 
O022 	 198 CLNTINUE 
OU2.1 	 DU 19S 1=1.1d 
u0e4 	 195 CUM:J(1)=0.0 
002s 	 wkITEI6.2001 
Uy2o 	 WRITL(6.201) 
u07 	 *RIIL(o.202) 

(..04, COMPuTc ALLRAG:1 AUILITY FUR EACH SCORE GROUP 
uu2d 	 A=U.0 
0U29 	 bu 161 1=MINSL.MAXSC 
UUJO 	 J=NSEL(II 
u0J1 	 IF(.11181.101•/d2 
ulra2 	 I 	CuMPIJI=COMPIJ)+1U11/*A811_11/ 
UJJ4 	 A=x*Lu(1)tAdILII/ 
0u34 	 lol LuN1INUE 
UuJs 	 A=X/NSUUJ 

CIII*STuRL AVLRAGL IN LLC. ScVEN TU TNELVE AND CENTER LOC ONE TO SIX AT ZER 
uuJu 	 Dl. 1(.34 1=1.NGRUP 
UUJ7 	 LLW(11=CUMPIII/IGRUP(1) 
uuJo 	 LUMP(lto)=CLMHIL/ 
0059 	 184 LukP(1)=CUMPIL/-X 
O040 	 NI=LRLC-1 

L44uLt.h1N LOLP Tvikuuk.11 ITtMS 

• 



kUkTkAN IV GI kELEASE 2.0 	 FITCS 	 DATE = 79220 	 11/03/46 

uu41 	 DO 9 Kagl.NITEN 
uu42 	 L=IOATAIK/ 
0443 	 1F4ISELIL/19.4.1 
0(,44 	 1 LL=L 

X=UIFF(L) 
ul..4 to 	 Uu 11 I=1.NGkuP 
uu47 	 exr(1)=o.o 
uu4a 	 11 VAkIII=0.0 

C**COMPuTL EXPECTED NUM8ER NP AND VARIANCE NPO 
uu49 	 UU U I=MINSU.MAXSC 
vutiJ 	 J=NELILI 
wut11 	 IF(J1d.U.7 
uvUG 	 7 P=EXPIA8ILIII-X1 
ou53 	 P=P/(1.0tP) 
latJ4 	 EXT1J1=EXT1J1t111(1)*P 
uo5* 	 VARIJJ=VARI.J1+1U111*P*41.-P1 
buUo 	 CUNTINUE 
Caub7 	 Pb(LI=U.0 
uu..)o 	 EX/L1 = 0.0 
Ou59 	 STATt1)=0.0 

• WOJU 	 UT/U(21=-0.0 
L**bEUIN LOGP THkuU4H SCORE GROUPS 

Oubl 	 UU 2 1=1,,NGkOP 
C**ubtkLEU NUMuLk OF COkRECT kESPCNSES 

0064 	 1=MATMLLA 
uuti3 	 SL=16C 
UU04 	 V1=SURTIVAkt111 
Uu( 	 LL = LL t NiTcM 

C**STANUARU1ZE THc uEVIATION 
uuoo 	 12 c1i).--(sc-1xrti)1/v1 

C**SCALt TO A SINL.LE ULGREE OF FREEDOM 
0J(27 	 Y=MANJJ-1(akuP11) 

C**COmkuTL MARGINAL; OF FIT TAbLE 
uuoo 	 TuT114=TOT(lJtLII) 
uoo9 	 SE111=5E(1)+4l11*.C11/ 
'haw 	 PoiL/=PU1L141-4(1)*L11) 
Uu71 	 L43611)= SC/1,JKLP(11 
uU72 	 U1SL11)=ISL-cAT111//1GRUP111 

C**LOmPuTC UISCNIMINATION INDEX FON THIS ITEM 
0U73 	 XX=CUMPIII 
uu74 	 UTATi1)=STA111/tXX*L(1)*V1 
uu75 

	

	 2 bIAI(2)=STA1121tXX*XX*VA14(11 
C**CCmPuTL EkkOk ltarAuT 

uu7o 	 LX1L) = ZLIL..1/.1L/ 
uu77 	 44.1L1 = EXILI 
uu7o 	 IftLXIL1.61.1.W uti TO 21 
uu79 	 EntL/=0.0 
uuou 	 tat. ICJ e2 



kURTHAN IV GI RELEASE 2.0 	 PITCS 	 OATt = 79220 	 11/03/46 

0odl 	 41 	LX(L/ = SQRTILXIL1) — 1.0 
C**CUMPUTE EITVELN GROUP 1Tm5T 

uod2 	 2e .514L)=Ilssw(L) — 4*651021L))/(SSW(L)*SSWIL))) 
OutiJ 	 tiADM = 2/SIILI 
Uud4 	 T4tL) = IILbIILL4L).kkOMJ 
GooS 	 SILL) = SUkt111/./1 
Queiso 	 SIAT(1)= 51-AI111/STA1121 11-1.0 
uu67 	 61ALJP=N6kOP-1 
6uoct 	 PuiLi = PU(L1/6kOP 
0669 	 PUlLi = YILJItPUILI.GiAUPJ 

0#444k1N1 LINt 	lat 	IAULE FUR THIS /TEM 
u09U 	 CALL PAGL(4.LL1NL) 
0U91 	 It'LLLINE.GI.U) GU Tu 25 
uv92 	 *R17E16.200) 
Go9J 	 .1ALIE(6.2011 
6694 	 v6.11E16.2021 
669 	 25 	kkl1L(6.401L.bNAMEILI.tX(L/sP8IL/.TZIL/laZIL).51ILis 

45IAti1J.E.I(LI 
6696 	 V.klIE46.3u4JtULISILL).LL=L.NGROPI 
6097 	 wl1L1694044tultJCILIA.L.L=LsNGROPI 
Uu90 	 IFI1ZIL).LE.PRLlawk/IE(4.1Q1JL.SNAMEIL).DIFFilL/.SECIL/.7LIL)IpPEUILI 

JP.:JIATtl/ 
C**4TUFiL 0IbCkIMINATION INOLX 

Ou99 	 AlLJ=STAIIII 
U104) 	 9 LuNTINUL 

C**COMPUIL STANDAkti uLV/AIIGN C.& L SQUARES 
U101 	 t.0 17 1=1.NURUP 
01Q2 	 TOTII)=I0I(11/1C 
U103 	 17 5L(1)=SORIttt41/— IC *TOT11/44TOTd1)1/1 IC —1/I 
U104 	 OU 16 1=2.1L 
G104 	 15 lUATALI)=0 

L**CALCULATE LIMITS OF EACH SCURE GROUP 
u1ou 	 OU 14 1=1.L.t.t.C. 
u10/ 	 J=t4SEL113*2 
01QO 	 IF(J114.14114 
Q109 	 14 luATAtJ/=1 
Q110 	 14 CLNTINUE 
6111 	 WATAt1)=MINL 
6112 	 J=44-1\46k6P 
Ullj 	 16ATA(J4=MAAL 
6114 	 J=J-1 
6116 	 Di.. 16 L=3.J.4 
Q1/6 	 16 ILJAIA(1)=IOATAII-1/+1 

C*444(1N1 UUTTuM 
0117 	 /FlisGhOP.LO.4)Wk/TE(6.5021(10ATAIII.I=1.4). 

ItCLmPt11.1=7.6J.ITO/II).1=1“i),(StII).1=1.2).(IGROPII),I=/.2) 
Ulla 	 If(NGIAU.LQ..i)WINITE.16.5G31(IDATAII/11I=1.6/. 

11LLAP11).1=7.91.trUIll/.1=1.4).(SEI11,1=1.41.tIGROPLI/s1=1.3/ 



FlakTRAN IV 61 fiLLEASE 2.0 	 F1TCS 	 DATE am 79220 	 11/03/46 

0119 	 1F(NGRUP.EQ.41WkITL(6.504)41DATA(11.I=1.5). 
1(COMP(I).1=7.101.(701111.1=1.4).(SE(1).1=1.4)si1UROP(1).1=1.4/ 

u120 

	

	 111-(NGROP.L0.5).WkITE(6.50b/410ATA(I).1=1.10)• 
1(CtiMP(1).1=7.i11.(TUI(I).1=1.5).(SE(I).1=1.5).(IGkOP(I1.1=1.5) 

UI21 

	

	 IF(Ni,RLP.E0.0/whITE(6.5Uu)i/DATA(11.1=1.12). 
I(LLMP(I).1=1.12).TUT.SE.(IGRLP(II.I=1.6) 

u122 	 CALL PAGE(5.31 
U123 	 101 FURMAT(14.1X.A4a1X.5F7.31 
0124 	 200 FuRMATI/19X. 4 1TEM CHARACILNISTIC CURNE•.11X•DEPARTURE FROM EXPECT 

ILL) ILC 6 .19X011LM FIT SIATISTICS 6 /1X.1321 6 —I11 
0125 	 201 FL'AiMAT(IH .12h Stu ITEM I.2(3bH 15T 	2N0 	3k0 	4TH 	5TH 	6T 

IN 1/. 4  4 trot 	1-11 T—TESIS WID MNSU DISC POINT') 
0126 	 202 fUhMATilh .12h NUM NAt.L 1yuC6H CROUPI.2H 1.6(6h GROUP/p2H Is 

I• IMPAC BEIwN TUTAL MNSU SO 	INUX BISER 6 /1X132('- 4 )1 
U127 

	

	 302 FLRhAf(lh •14.4A.A4.GH 1,3°X.2H j.36X.2H io 
11- 0.2.2F7.2.F6.2.F5.2.0.2,F7.2) 

Co126 	 303 fq•AhMAT(IH+.12A•0hb.2) 
U129 	 304 FURMAT(IhtsbJA.Gt6.2) 
U130 	 502 11.,kMATI1H .1311 6 - 1 1/• SLUHL RANGE 6 .2113•—•.121•64X•*ERROR IMPAC 

IT = PkGPOkTiON Lki.L14 INLREASL'/' MEAN AOILITY°.2F6.2.33XOPLOS=T00 
2 MANY kIGH1 1 .20AIoUL. TU THIS MISFIT 6 /b8X 6 MINUS=TOO MANY MRONGI/ 
3' MEAN 2.—TESTio2V0.1/ 4  bU(L—TEST) 6 •2F6.1/ 0  GROUP CUUNT's2I6I 

0131 

	

	 503 FORMAT(11-1 .1320- 6 1/ 6  SCURL RANGE *.3i/30 - 1 .12/.56X04LRUOR IMPAC 
II = PkOPURT1UN ERROR INCREASE 6 / 4  MEAN ABILITY•.3F6.2.27XOPLUS=TOO 

• 

	

	 2 MANY klIGH1 6 .2WOUUE TO THIS MISFIT•/SCIXIMINUS=TOL MANY wkONGI/ 
3• MLAN 2—TEST'.3F0.1/ 1  SUIL—TEST) 6 .3F6.1/ 6  GROUP CUUNT 6 .316/ 

0132 504 FORMAT11H • 1.3a( 4 —•)/ 4  SCONE RANGE s.4(I30- 6 .121.52A.'4ER1OR IMPAC 
IT = PROPORTION ERROR INLRLASE°/° MEAN ABILITY's4F6.2.21XOPLUS=T00 
2 MANY kIGHT 6 .26X 6 OUL TO THIS MISFIT 6 /5bX 4 MINUS=IGO MANY lo,kONGs/ 
3' MEAN 2.—TE4T 6 .4F6.1/ 1  liU44—TEST) •s4Fb.1,0" GROuP CUUNT 6 .4I6) 

0133 	 505 FURMATtlti .134('- 4 )/° SCONE RANGE I.b(13.'•.121.4uXOWERIAGR IMPAC 
IT = PkGPLRIION ERROR INCREASEme• MEAN AOILITY•415Fb.2.15XOPLUS=TCO 
4 NANY kIGHT 1 .24.000UL TO TH/S MISfAT°/soX•MINUS=TUU MANY ARONG 6 / 
3 1  MEAN 2—TESTio5F6.1/. sb1Z—TEST) *.51- 6.1/ 1  GROUP COUNTI.S16) 

0134 Sub F6RMA1(Ih .134( 6 - 4 )/ 6  SCORE RANGE 4 .01130- 6 .12).40X04ERRCR 1MPAC 
IT = PNOPURTIUN LIAIOR INLREASE 6 / 6  MEAN AUILITY•.aFG.2.9X°PEUS=T00 M 
i:ANY 141GHII.g:dxsuUE TO THIS M154-1To/SWOM1NUS=TOO MANY ktRONGs/ 

MLAN 1-1EsT 4 sofo.1/ 4  SO12—TLST1 4 .616.1/ 4  GROW)  COUNT 0 .6161 
U135 	 RETURN 
U136 	 ENO 



FUI4144AN IV GI f.ELEASE 2.0 	 GRAPH 	 DATE = 79220 	 11/03/46 

U001 	 SufikOUTINE GRAPH(XX.YY.LENG) 
uw04 	 U1MLNSIUN XAIII.YY111.CHARI101.BLK(5) 
UJUJ 	 DATA CHAR/•1•,•2••4•.•4 4 .•51 6 .•6•.•7•.•6••9•.•*•1 
00U4 	 uATA uLK /• •,•4.••-•e•+•1•1•/ 
000b 	 CUMMUN /61.1U/ uk1UA4Ud0.1 
Uuu0 	 CuMMuN/PLOIK/YMIN•YMAXsXMlNeXPAXIDNROW.NCOL 
truu7 	 bis 1 1=1.LE4u 

. 	UJUd 	 IX = 1TABIXA411.XMIN.AMAX) 
UUU9 	 AY = 1TAAJAYY(1).YMIN.YMAX1 
UkAIU 	 K=NCUL * INHOw— 111 11Y.NkOWII 	IPOS(lXIINCOL) 
uull 	 J=1 
0u12 	 X = GRAD(K) 
U01J 	 DU 2 KK=1.5 
UU14 	 11-(X.L.G.EILK(KKI1 GU TU 1 
U015 	 2 	CUNI1NiE 
utiltb 	 U0 3 KK=1.9 
uU17 	 AFAX.E.U.CHAkiKKJA GU YU 4 
Guld 	 J 	CUNTINUL 
0J19 	 KK = 
UuLU 	 4 	J=KK+1 
Jutl 	 1 	GklU(K) = CHAK(J) 
Uuz4 	 kLTURN 
UO2.1 	 ENU 



KATKAN IV fal ftELLASE 2o0 	 GliPM 	 DATE = 79220 	 11/03/46 

	

U001 	 aUDROUTINLQ414410.L.15.1bEL.NSEL.MATX.IDATA,B.IS.A8.A.10, 
455k.55W2.5EAJ 

	

()JUL 	 U1MeNSTUN NahL(1).11311),ISEL(1).MATX(1).1DATA(11.b111.1511).A8(1/ 

	

0003 	 UIMLNSION 0111.411/.10111.A11/.55W(11.5SW2T1)111STARI180).SEA(1). 
4JY41d0J.JDATAllo01 

	

UUO4 	 LUMMUN NITOM.NONDP.MINSL.MAXSCoLREC.NSUBJ.IC.KCAbelSW(11) 
1.5NAMOI11 

	

UUOS 	 CuMMON/PLUTk/VNIN.YMAX.XMIN.XMAX.NRUWIINCOL 
• 	UJuo 	 CUMMON /FORA/ e.441.110.ZaTAR1180/ 

	

oUU7 	 LLMNUN/DLK/XTmN.XT5U.L0uP.NDELDNDELI 

	

UU0o 	 LuMMuN/MISC/C1-11.MGKOP.MSUBJeldK 

	

UO09 	 LLMMON/PUlT/ PkITa.PelTaU 

	

uU10 	 )(MIN = —5.0 

	

0011 	 XMAX = 5.0 

	

0012 	 VM1N = —10.0 

	

uU13 	 VMAX = 10.0 

	

Oul4 	 KGCL = 80 

	

OU15 	 NhLW = 5U 

	

414Jib 	 KULNT=0 
C**DETLkM1NL NUMBLN 	SCORL (iROUP5 

	

0017 	 24 X=NSUbJ/MORuP 

	

6U1b 	 NtakLi2=X 

	

0019 	 IVINGS1W—U122.22.21 

	

Uu2u 	 21 NUFWP=6 

	

uuel 	 22 	X=N5O84./N6RuP 

	

uu22 	 /X=NGIOUP*NlItA 
00 1 1=1.IX 

	

uu24 	 1 MATX11)=0 

	

uu2a 	 uU 25, 1-1•Nirem 

	

uu2o 	 L11)=0.0 

	

0o27 	 A111=0.0 

	

uU2a 	 55Wt1/=0.0 

	

OUG9 	 6tivict11=0.0 

	

(1.3 0 	 15TARtIA = 0 

	

0031 	 25 a(1)=0.0 

	

uU32 	 S5T=0.0 

	

Ou43 	 SSTI=0.0 

	

OUJ4 	 PrIls = 0.0 

	

uu3a 	 fl-112 = 0.0 

	

Uu30 	 UU 2 1=1.1.17tA. 

	

uu3/ 	 2 Nati-W=0 

	

OU:io 	 hbC=0 
wu.- 

	

Uu4U 	 L=1 
L*OULTLkMINE GROUN1N6a UF SCORLS AS EQUAL AS POSSIBLE 

	

UU41 	 K=MAXC 	MLN.)C. + 1 

	

04.'42 	 IFIK.GT.NukuP1 GLJ TG 23 

	

u043 	 NOKUP = K 
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0044 	 /1/4=0 
U045 	 DU 231 I=MINSo•MAXSC 
0040 	 K=K+1 
uU47 	 231 	NSELIIJ=K 
kOU4d 	 bu TO 32 

23 	Uu 0 L=MINSo•MAXL 
uu50 	 NSC=NSC+18111 
uu51 	 J=1NSC-IX/*2 
U0s2 	 11'4J/7.5.4 
Uu5.I 	 4 11'1J-18M/5.5.0 
Uuu4 	 5 NSELl/J=L 
0U55 	 L=L+1 
UUsb 	 NSC=0 
0057 	 IF1L-NGROP/d.29.29 
Uu5d 	 6 L=L+1 
Ou5 	 IF(L-NGIA0P)2U...10..10 
uuuU 	 20 NSC=IEJ11/ 
uubl 	 7 NSLL(I1=L 
uub2 	 8 CUNTINUL 
Ulo0.1 	 NOAOP = L 
0U64 	 Gu Iu 32 
uuuS 	 29 1=1+1 
Utiou 	 1=MAxSC 
00o7 	 30 00 31 0=I.MAXSC 
uubd 	 31 NSLIAL)=NOkUP 

C**kEAU AND SCOkE StAATCH FILE 
00, 	 32 	151.1- =1 
u070 	 NSW:$.3=0 

LOOP = LOOP + 
Uu72 	 CFII = 15W1u1/10.0 + .1 
0u73 	 NULL = 0 
uu74 	 IF115*1o1.E.d.u1OFIT = 100.0 
U076 	 LALL CLEAkI0.4),CFIT•11 
uolo 	 Lt-  1i = CF11 - 0.1 
uu77 	 KLIM=IS*(4) 
uu/d 	 NuPeL=ISw1a1 
uu?9 	 IFINUPFLt140.40.10 
UudJ 	 16 	I5WT=2 
uual 	 1.5*(5)=0 
Jude 	 40 	NSC=0 
uudJ 	 Pi- 1T = 0.0 
uu04 	 kOAU(LOOP.LNU=121 (10PATAIN).N=1.NITEM).(I0(N).N=1.KLIM) 

C0C 	koAu(LUUP/ 	(IOATA(N)•N=1.NITEM),I/DINI•N=1.KLIM/ 
COC 	IrlLU&11).Nc.•uI G0 TU 

uubb 	 01, 1u2 N=1,NITLM 
L'Utaup 
4667 	 101 	NSC:-NsC+1UAIAIN1 
Uudo 	 1t2 	CUNTINUL 
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Oudui 	 SC=NSC 
U090 	 11-(NSC.LE.O.Ok.NSC.GE.IC/ GO TO 40 
0091 	 K=NSELINSCi-1 
0092 	 AbIL = ABINSC1 
0093 	 SUM=0.0 
0,4 	 SuM1=0.0 
uu9 5 	 DU 14 N=1*NITEN 

IF(ISLLIN).CE.01 GU TO 14 
0097 	 P=LXP(AUIL—o(N)) 

P=P/(1.+P) 
uuyy 	 X = P * 11.0 — Pi 
ploo 	 LSTAR(N) = IlluATA1N1 — Pb 
u10I 	 ITANAN) = LbIA1.(N)/RT(X1 
U102 	 IFLISLARIN).u1- .9) 1STAk(N)=9 
0103 	 1t;(1sTAk(N).Li.-911STAR(N1=-9 
0104 	 LSTAk(N) = cSTAIIINI*LSTAR(N) 
0105 	 SsW(N) = Ss*(N) + X 
010o 	 SuM=SUM+X 
0137 	 Y = (A * A) 
010* 	 Ss*,:(N) = Ssw2(isi1 + Y 
0109 	 SUM1 = SUM1 + Y 
0110 	 P - 1T = P1-IT + ZSTAk(N) 
ulll 	 14 CONTINUE 
0112 	 Pi°11- 1 = (PF1T/suM) 
Ulli 	 SV = ((SUM — 4 * SUM11 / (SUM*SUM)) 
0114 	 FRuM = 2/SV 
0116 	 PtIT = TTEST(P1-11. 1.FkUM) 
ullo 	 1-1-1TS = PFITS + PF1T 
0111 	 PI-112 = &i I12 + (PELT * PFIT) 
011d 	 (-RUM = SUkT(SVI 
011‘i 	 GU TU (17.91$15WT 
0120 	 9 	AkIlL(NtiPfL.10b/(1U(N).N=11,20).NSCIpAd(NSC)sSEAMSCIIIIPFIT.FRDM. 

*P1- 01.11UATAIN1oN=IsNITEMII(ISTANIN),N=1.NITEMi 
Q121 	 17 	IF(EOLP.GT.1)uU TO 144:1 
J122 	 IF(PFIT.CT.C.FIT) GO TU 1449 
UL"G.If 	 11-(K.CT.0) uu Tu 144 
0124 	 UO 141 1=1.NITrM 
014y 	 141 	1(1) = Itl) — lUATA(1) 
012o 	 144 	NULL = NOEL + 1 
017 	 KUUNI=KOUNT+1 
0120 	 It(KUUNi.LU.11CALL PAGEI7sJi 
JI4 	 KN1=1 
0130 	 uu ..o30 N=1.1411- LM 
0131 	 IF(ISLL(N).LL.0) u(.1 TG 300 
u132 	 JY(KNI) = 
u134 	 JuATA(KNT) = luATA(N) 
0134 	 KNT = KNT + 
U14 -6 	 JUO CONTINUE 
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tol3o 	 KNT = KNT — 
1FIKNT.G1.33)UU TU 302 	• 

JIJO 	 11-(KOuNT.L0.11whITLIO.1U4/ 
4.)13 	 wHITc(6.1011KuUNT.I1OtN/.N=1.201eNFITI,FkUM. 

VOFITsA0IN5C/e6tAiNSC).(JUATAIK3i.K3=1.KNT) 
U14U 	 WiNI1E,(0,1J211JVIK.31.KJ=IsKNT) 
6141 	 UL TU 303 
6142 	 302 KNTI = LktC — 19 
6143 	 If:(KOUNT.L0.11vsmIltIo.107/ 
6144 	 0441TL(O.103.1KuuNTs1101NieN=11,20).PFITI,FROM. 

*PtIT.AbiNSC).6,cAIN6LI.IJUATA(KJJ.K3=1•10),IJOATALK3).K3=KNTI.KNT) 
0/45 	 AkIlL(b.104/IJYIKJ41.Ki=1,10/DIJVIK3J.K3=KNTIIIANT/ 
U140 	 303 IOINSCA = luINOL1 — I 
614/ 	 CALL CkAPHIAbIL.1-4-11.1/ 
6I4o 	 UL TU 4U 
6149 	 1449 	thr,41ILt2/iI0ATAIN1.N=1.NITcMi.IIOIN).N=1,.KLIM3 
015O 	 GU TO 145 
6161 	 14d 11-(0f1T.LT.Li'/T1 uu TU 145 
U152 	 KCUNT=KUUN1+1 
UIO3 	 AFIKOuNT.L0.11CALL eAuE47.J1 
6154 	 KNI=1 
615d 	 uu 3UI N=1.1■411tM 
Ulbo 	 IFIISELINI.LL.UI uU TO .101 
0157 	 4YIKNI/ = 
615o 	 JuATAIKNTI = 1UATAINI 
6159 	 KNT = KNT + I 
6166 	 301 CuNTINUL 
010/ 	 KNT = KNT — 1 
6102 	 11-IKNI.GT.3JJUU TO 304 
6103 	 IFIKUuNT.E.G.11W4,11LIo.lUoi 

• 6104 	 wrcITE(6,1011KuUNT.110tWoN=1120).PFITI.FROM. 
*1-4-11-.ABIN5C/LAINC)*(JUATAIK3).K3=1111KNT) 

0105 	 akITaId.102J4JWIKJ/oKO=1.KNT) 
Ult.° 	 Cu TU 145 
ulo7 	 304 KNTI = Li.LC — 19 
Ulbo 	 If-LKuuNl.LC.11a1111=Iu.107/ 
6Io9 	 AttlIttus1031K6uN1.11uINI.N=1.20/1,PFITI.FROMs 

40-1T.AbINSCA.z.DLAINL/.(JUATAIK3).K3=1.10),IJDATAIK31.Kj=KNTI,KNT) 
017u 	 iNAITC.to.104II.OilKa/.K4=1,10/.1JY(K31.K3=KNTI.KNT) 
61/1 	 145 CALL UkAPHIA61L.P1-11.1/ 
U1/2 	 IftK/ 40,11.11 
U17J 	 11 	estk=h4NITEA 
0174 	 UL 14u N=I.NtILM 
017a 	 Kiv=- Kicti 
Ul7o 	 IV(It)LL(N).L.c.U) uU lu 14o 
6177 	 MATAiKKJ=MAIAlKKJ+10ATA(N) 
017b 	 OlN)=43(N)-41LJAiA(N) 
U17W 	 AIN)=AIN)+IuMAINI#IUATAINA 
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Olb0 	 t(N1=LIN)114.bTAkIN1 
U181 	 14b CuNTINUE 	 • 
01e 2 	 NSUBJ=NSUBJ+1 
uloJ 	 551=SST+SC 
U164 	 551. 7=55ITt5C4bC 
0185 	 GU TO 40 
Uldu 	 14 CONTINUE 
0107 	 PVII5U = IPelT6OPFITS1INSUBJ 
uldd 	 Pf1TSU = 50kI4(PFIT2 	PFITSD)/(NSUBJ 	1)) 
Olou 	 Pt-ITS = PFIT5/N5UUJ 
0190 	 X=SST*55T/NbU0J 
u191 	 A=55TT-X 
0192 	 DU 13 K=1.N1fbM 
u193 	 1F415EL(K)/14.13.131 
0194 	 141 	AV=15(K)*SSI/N5UbJ 
019b 	 Y-L-ISIK/415(K1/NSUbJ 
0190 	 AY= DIK)-XY 
u197 	 Y= A(K)-Y 
0190 	 IfIX‘Y.GT.0.01 oD 1 . 1:4 130 
0199 	 0(K) = 0.0 
0400 	 • 	 GU 10 13 
U201 	 130 	t3(Kt=AV/SUkliA1111 

C**SL1 ORI;t::k FUR.PkIN1ING FIT TABLE-- IN SEQUENCE 
OGOL 	 14 	10AYA(K)=K 
020J 	 IFILUOP.E0.1/LNU FILE 2 
0404 	 kLW1Nu 2 
0205 	 kLWINu 1 
U400 	 101 FUkKAT(15.2A.041.F7.2.1- 5.2.F7.2.F8.2.F7.2.2X.3612) 
020/ 	 10.k FURNAT(63X.j51k1 
U20b 	 103 fut,MAT(15.2A.404111F7.2.eb.:2.F7.2.F8.2.F7.2.2X.1012.10X.2012) 
0409 	 1u4 FURNAT(03X.1012.1UX.40IZI 
0410 	 1u5 i-UtIMA1120A1.113F0.3.f5.2.Fa.3.25412.10612) 
0411 	 106 FUUNATI//1X513.:( 1 —I)/• SE0 PERSUNiel7XOWTO NNSQ6 .2XOTOTAL°. 

4bAOPLR5ON 4 / 4  NUM NAMb 4 .19AOMN5Q SO 6 .2X0FIT Tes2A. 
*IALIILITY ikkums.14X.IhE5PUNSES ANU STANDARDIZED kt5IDUALS°/1X. 
41..1"-I 

0412 	 10/ Filk.MA11//1X.1340- 6 1/* 5b0 PLASLW.17XOWTO MNSUI.2XOTOTAL°. 
4uXOPLRSUN't 4  NUM NAML 6 1,19X0MNSQ SO 6 .2X0FIT TI.2X, 
• 4 A81L1TY Lkm010.0A. 4 Rb5VUNSL5 ANU STANDARUIZED RE510UAL5 LIST 10 A 
41, Asj LAST 21) IILAs1 6 /1A.l4e(• - •)) 

0214 	 fitzIURN 
0214 	 LAO 
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0UU1 	 sUbROUTINENLaTIUsi.Ad.113.15.NSEL.MINSL.MAXSC.IVAL.CRIT.LIM.SUM.SE/ 
uu0G 	 D1MENSION ABIII•18(1).NSEL(1) 

(SWNEwToN-RAPHSON ITERATION ROUTINE 
TcMP=100.0 

UuU4 	 Du 2 1K=1•LIM 
uu05 	 SE=0.0 
UUuo 	 SuM=0.0 
UuU/ 	 LC, 1 K=M1NSL.MAASC 
Uu0o 	 5.o.4 
UJU9 	 4 11- (NSELIKI-IVALI 1.5.1 
UUlu 	 5 P=EAP1A6IK)-U) 
OU11 	 P=P/11.+P) 
0012 	 SL=SE-tiJ(K)P.11.-1 11*I 
uulJ 	 SUM=SUM+16(11/4)4P*1 
bul4 	 l CONTINUE 
OU1* 	 5bA=t1S-SUM1/oL 
uulo 	 IFIAUSISSMI.LiT.TEMP/ GO TO 6 
uul7 	 7 	'ELM-) =ABS( SSA/ 
uUld 	 0=0-SSM 
OUI9 
Uu2J 	 2 CONTINUE. 
UU21 	 3 RETURN 
OU22 	• 	 6 	WklIE(O.100)1K.IS.SUMIISE.SSM.TEMP.0 
0u2J 	 SSM -7-SSM/2.0 
uu24 	 GU 70 7 
uwa 	 IOU FURMAI(I CYCLE 4 .1.1• 41  SCDRL 6 .14•• EXP SCOREe•F6.20 	SE•.F6.2. 

I° CORREL7IoN•.Fo.J•• PREV COkR•.F6.3.• DIFFI.F6.3) 
UU2O 	 ENU 
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OuUt 	 bUbkOuTINO NOwIAO IABIL.16.UIFF.VAL.ISEL.SEM/ 
uJJ2 	 KLAL SO1111.1UP.OUT 
000J 	 ulMENSION SEM111.ulFe111.TNAME(10).AbILI1/.1811),ISLLiII 
000* 	 INTEGER NI.F.LINL 
ootab 	 LuMMLN NITE.m.NukUP.MINSC.MAXSC.LREC.NSUS.IC.KCAO.IS*(111 

IrSNAMo(180).TITLIeU) 
J.)0o 	 LUMMUN/ULK/ATAN.XISu 
U007 	 uATA oLK/4 	./ 

C *** CALCULATE S.u. PuINTS FUR DISPLAY *** 
OJJo 	 VALI = VAL * 1'10.0 
OjEiv 	 LA/ 10 1=1.11 
0010 	 J = o-I 
00/I 	 10 	S011) = XTMN + IXISO • Je 

C *** SET UP COUNILms FLA MAIN LOGP *** 
Otat 	 K = LRec—i 
v01.1 	 UuT = 0.0 
0JI* 	 TuP = 0.0 
oulb 	 UU 1 I=1.NI1EM 
Jolo 	 Gu TU 1 
out/ 	 IuP = AMAxl(TuP.UIFF11/1 
ould 	 OUT = 
uolur 	 LuntINUE 
voeJ 	 Uu e JJ =1.K 
ouaL 	 1)-11U(JJ).61.1)) GU TU 3 
Ouee 	 4 	 LuNTINUE 
outJ 	 buT = AMINI1UuT.AolLIJJ)) 
UO2* 	 uu 4 J=JJ.LftEo 
0025 	 IF1lutK).GT.OIGU TU b 
trUU 	 4 	K = K-1 
Joe it 	 5 	ILJJ = AMAXII1uP.AulLiKlI 
04)20 	 KK = (TUP-buTl/VAL + 2.0 
JoeY 	 CALL PAGE:12.J) 
uw4J 	 oklTo 16.10j) 
00.41 	 . 	NI = 0 
os)32 	 = 0 
OUJJ 	 Uu to 1=1.1u 
o0J* 	 Id 	1NAME1/1=EILK 
UJa4 	 TUP = IVAL - AMu011TuP*100.01.VAL1)/1001 + TOP 
UUJ4 	 tiL.T = TUP — VAL 
uu-17 
ot4J0 	 Ou 	J=I.KK 

	

6 	lifiK.u.u) cpu Tu 7 
uu4 J 	 11-1AolLiK)...T.UU1) uU 	/ 
ou4/ 	 t = F + 1U1K) 
uu4t 	 K = K- 1 
Uu4J 	 UU 16 
Uu44 	 7 	uu 0 1=1.NIFom 
toU4'i 	 IttISEL11).Lu.01 4U TU a 
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UiPao 	 IP(OIFF11).4T.TOP.Ok.UIFF41J.Li.b01. 1 40 TO d 
Ou47 	 NI = NI + 1 
OU4d 	 IF(NI.GT.101 4u TU 6 
(iu4I 	 TNAME(N11 = dNAME11) 
OU5U 	 ti 	LuNTINUE. 
uv51 	 9 	LALL UUTA8 LAUIL.10P.LIOTsVAL.FAINI.TNAME.50.KIISEM(K ♦ 111 
ldu4 	 yl 	*RITE (6.1OG) 

. 	UudJ 	 WO FORMAT 1 1 0°."MAP OF VARIAdLte//1X•15( 4 —'1. 4 11./ 
1' PERSON 	 kAw ji 

	
MEASURE 	 ITEM P1' .1270 11' / 

2' STATS couNr 	SCORE ll MIUPCINI(S.LACOUNTSI TYPICAL ITEMS 
NAME) 6 .1170i1 6 /1X,125( 5— '1011 6 1 

102 FORMAI 11X.ID('—').°11 6 / 
utioO 	 kLTUI4N 
uU5o 	 ENU 
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otioA 	 SUBROUTINE UUTAb IA8IL•TUP•BOT•VAL.F.NI.TNAME.50.1(X.SEM1 
0002 	 LIMENS1ON AdIL11/ 
u003 	 REAL SO(Il) 
0004 	 kcAL*4 TNAME(101.OUT/• 	•/.81.K/• 	•I. 

*POINTS(111/ 8 11.5bul.°11.450 10 . 41 11.350 10 01 +250 41 1, 41 4.150 6 0 ,4EAW. 6 -150 1 . 
**-250a0-350 41 . 1 -450 4 . 1 •550 6 / 

0006 	 OUT = bLK 
Utruta 	 1AU 11 1=1.11 
0007 	 IF ISO(1).GI.TUPI GO TO 11 
0008 	 IF ISU111.Lc.0UTb GO TO 11 
u009 	 OUT = PLINT111 
taul0 	 11 	LUNT1NUL 
001 1 	 AVL=11UP+60/1/2 
OU12 	 KK = KX + 1 

IF(ABILIKKI.uT.TUP.UR.AbILIKK).LT.BOT/G0 TO 5 
uU14 	 11- 1F.Nt.0i u0 TO 1 
001a 	 uu TO 3 
0016 	 .JilIt(6.101/ 0UF.KKIIAVE.504.1TNAMEIKJ.K=1.10) 
v017 	 GO 10 4 
uUltis 	 1 	11- 1N1.NL.01 of TU 2 

• 001 	 wollIc(0.1031 0U1.F.KK.AVE.bEM.ITNAMEIK/oK=1.10) 
uu40 	 GU TU 4 
0021 	 3 W8111E16.1021 UUT.KK.AVE.SEM.N1.(TNAME(K)eK=1.101 
0022 	 GO 10 4 
uU23 	 2 akITL (6.10.11 UUT.F.KK.AVE•SER.N1.(TNAMEIK)IIK=1.10) 
0024 	 GU IU 4 
OU2a 	 5 Iede.NL.01 :mu TO 
uJ2u 	 Ir(NI.NE.0) GU TU 7 
Uu27 	 NkIIE10.2011 001.AVE.5EM.ITNAME(KIsk=1.10) 
u02to 	 GU TU 
LU49 	 o IF(NI.NE.0) UU IU o 
Ou3sJ 	 okITE(b.203) OuT.F.AVE.bEN.IThAME(K).K=1.10/ 
0051 	 uU 10 4 
00.14 	 7 *rtlIt(6.2021 UUI.AVE.dEM.NI.ITNAMLIK/oK=1.10) 
0043 	 UO 10 4 
uu.:14 	 b diftI1LIG92001 AJUT.t.AVE.bLM.NleITNAML(K).K=1.10) 
Uu4b 	 4 NI .74 0 
uuZio = 0 
'dual 	 TuP = TOP — VAL 
uO3b 	 tsl.T = TOP • VAL 
UU310 	 UU 15 1=l.lu 
uU4u 	 15 ThAME(1)=BLK 
uu41 	 late kOhmAIIIX.A4.16.1d• 11•.F0.21•1•.F4.2•/ 

110(1X.44.4A4Oill) 
0042 	 /01 	kOkMATIIA.A4.uA.Id•• li•$F8.2•(•.F4.2.•) 11•.4A• 	i • 0 

110(lX.A4s3X)0j1 4 / 
UU4.1 	 104 fuhMA111X.A4.0X41160 11•std.2•(•.F4.2.•) 11 41 .140 	1•111 

11011X.A4.JX1•114i 
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0044 	 10.1 FURMAT(IX•A4•10•110, 1  I PI  si-b•2•.( 9 .F4.2• 11 ) 1 I • •4X• 111 	i • . 
I/U( /X•A4.3Xl s• I I '') 

U045 	 20U H-JAMAT ( 1X•A4 elb•UX• • 11•.Fd.2.•(•.F4.2••) II •• 14s• 	I° • 
110( /X.A4113X1 041'1 

UU4o 	 kUll 	FURMAT i IX,A4.0.K.8X. • i i • oF84•20( ..F4.2. • ) 44° .4X.• 	OP • 
Liu( 1X.A4....iX) .• 41'I 	 o 

0u4 7 	 2U2 	It- UhMAT (1 X.A4 staXitsX. ' i i .  *F8•24. 6 e • sF4.2. 4 1 II° •I4 . 11 	4'. 
llu t IX sA4.3X1 0 4 I '1 

OU4ct 	 203 	FL1kfrIAIL 1X•A4 alb st.X.' i I' .1-'8•20 (• aF4 .4 1; 41 1 j II • 04X•• 	i 8  • 
110 ( LA.A4.:1X.I. ' 4 1 • I 

0u49 	 frahlUkN 
U050 	 LNU 
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• 

	

uu01 	 SUBROUTINE PA6E4M•Li 

	

Uu02 	 U1MENSION TITL120) 

	

U003 	 LUMMON NIT=N•NW(UP•MINSC•NAKSC•LRECI•NSUBJ•IC•KCAB.15101111 
1.5NAME11) 

	

UUU* 	 LOMMON/UCK/XTMN•KTSU•LOOP•NDEL•NOBLI 

	

UJO5 	 COMMON /f0104/ f-mItld) 

	

uvuo 	 COM•UN/MISC/LeIT•MUkUPIIMSUBJ•IBK 

	

OU07 	 UAYA A/4h****/ 

	

UUUd 	 tat. 	 .2.5.o•7 et) ea0.1 

	

uu0s0 	 1 RLAO(5•102/ 111.L 

	

u010 	 IFIIIIL (1)—A13,4•3 

	

uJI1 	 hLAO15•104/ NlItM•MUkUP•MINSC•NAKSC•LREC•KCAB•11SW1K)•K=1•8) 

	

UU1G 	 kEAUIS•102) FMI 

	

001i 	 kEAut5•102)14NAMLINI•N=I•NITEM) 

	

uul4 	 ItIl6w(2)•Li•U) 15WI2/ = —151012/ 

	

u015 	 11-115Al21•Lu.u/15W421=5 	 — 

	

uulo 	 NOhOP = gGitUP 

	

uul7 	 1=1 

	

uUlo 	 wkIlL16•1011 IIIL.1 

	

uolv 	 *klIL1O•100)NITLMeMikUP•MINSCIMAXSC•LMEC•KCAB•115101IKI•K=1•11),FMT 

	

uo..J 	 11-1MIN5C•LG•u1MIN5C=0•44NITEM 

	

uu21 	 IFAMAX5C.EU•u1MAASC=U•9*NITLM 

	

uu22 	 11-1CAB•LU•U•uk•KLAb•GT•2) KCAB = 2 

	

. uU25 	. 	 15=15*(5/ 

	

u024 	 IFIIS*15)•tu•U/ISw15/=1 

	

u0•.5 	 11-115,014)•Eu•U) 150114/ = 20 

	

Uu2c. 	 = ISA141 — ISol3/ • 1 

	

uu27 	 le1L1A•UY•20) 156141 = 150113) + 19 

	

uu‘o 	 11-1154LU•U/^mIut.N 

	

uu2w 	 (AI 10 5 

	

0030 	 2 lz=lti 

	

au31 	 le/NOLLI•GT•01 l•O YU 10 

	

UU.44 	 orklfLAO•1011 IITL.1 

	

uoZ3 	 kLIuhN 

	

Uu34 	 10 10k1I1o•110/ 111-L•NOLL1•1 

	

UU.1* 	 ht- TUI4N 

	

uU3U 	 7 	ktkIlmith•106/LmLCIIN5UUJ•MSUBJ.KTOIN•XTSD 

	

Uu57 	 KLIORN 
d 	1.5obJ=NSUBJ•NULL 

	

uuiv 	 whII46•106/LIALL•LSUdJsMSUbJeKTMN.XTSD 

	

Ou4U 	 kLYURN 

	

Uu41 	 1=14.1 

	

Uw4G 	 61-1 IT L114.1011 	•I 

	

uuee..i 	 k■ hl 	b.10b10- 

	

Uw44 	 hLiUhN 

	

4u45 	 11 	1 = 1 • 1 
fiv4U 

	

Gude/ 	 hcIL.WN 
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004d 	 4 	STOP 
0049 	 5 	Iht IS.EQ•0115=15w161 
0050 	 whITEI 15.1021 TiTL 
uu51 	 kt TURN 
01.1 	 6 IF (L--50)21..2 
U053 	 21 L=L+ I 

kt_ TURN 
. U055 	 22 L=0 

1=1.-1 
0U7 	 oil-111E16.1031 
6u50 	 ht I ukti 
U0u9 	 100 f LkMAT OCONTkUL PARAMETERS'//' N1TEM NGROP MINSC MAXSC LREC KCA 

46 	 INFLE LLIM KLIM NUPFL C—FIT KSIM PRI To /14I 6//1 Xs 
•si-, L1,6UN FILE 1-0kMAT 0 .16/441 

0060 	 101 FUIiMATI1111.,aulA4.45X0PAGEs.1Z1 
0u01 	 102 I-LI-imAT d 2 UA4 
OUr..Z 	 1U.3 FO1MAII//10x.1 	 TABLE. CONTINUED•/11-11/ 

104 F0Fo4A1 l 1415.411 
6064 	 106 liahMATIIMU.IG• ITEMS CALIURATED ON'sI70 PERSONS 6 /1X.16. 

*• 14LASUKAbLt ?tkS(ANS WITH MIAN ABILITY =•.F7.2. 4  AND 5TD. DEV. =g• 
4,  .0- 7 .2///////i 

00u5 	 IOU k- CMPIAT • UL I T OF PERSONS WI Th FIT 'WOVE' .1=7.2) 
uU66 	 110 FuRMATI1H/.4oA4.eA.•NECAL. 	 MISF1TTING PERSONS OMITTED'• 

*Jx..•P..• .1J1 
0u67 	 LNU 
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0001 	 bUbROUTINE PICTIA.Y.15E.L.AAXIS.YAXIS.XLAB.YLAW 

	

Gi104 	 OIMLNSIUN X111.1(111.XLAbIlloVLA8(1),ISLLII/ 

	

uukij 	 CIAMMON NITtRUNGisi...P.MINSCIpMAXSCIILRECoNSUDJoIC.K(.A6.15wIlli 
lobNAMC 

	

us.)04 	 CUMMON/PLUTk/WHIN.VMAX.XMLNeXMAX.NRUMeNCGL 	 • 

	

UOUb 	 CALL CLEARIAAAlboVAA15.1) 

	

UOU0 	 CO 5 I=1.NITLN 

	

. GJU7 	 le(lLLII).LE.01 GU TU b 

	

Guad 	 CALL GkAPHIAkii.V111.11 

	

ut.)09 	 5 	CUhTINUE 

	

04)1J 	 CALL /.._CTIVLAD.ALAU/ 

	

GGI1 	 CALL PAGE(5.JI 

	

Uu12 	 htlUsiN 

	

UUIJ 	 END 
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0001 	 SULWOUTINE OLUT (YLAB.XLAB) 
0042 	 U1MLNSION YLAb(1).XLAB(1).XVAL(11).ULAB(50) 
Ou( 	 CuMMON /GRID/ 4RIU(4Ud)) 
GU04 	 LUMMON/PLUTR/VMIN.YMAX.XMINIIXNAX.NROW.NCOL 
oU05 	 DATA /ILK/ 8  'I 
UU06 	 LL=NCUL/10 
0u07 	 LL1 = LC + 1 
UuUd 	 LK=NRU1./10 
uUU9 	 VAL = XMIN 
uulU 	 X1NL = (XMAX — XMIN)/NCUL * 10.0 
uul1 	 Uu 10 1=1.LCI 
uul2 	 XVAL(1)=VAL 
uOld 	 10 	VAL = VAL + XINL 
u014 	 VAL = YMAX 
Oul5 	 XINC= (YMAX 	VM1N)/NROW * 10.0 
UU16 	 LIML = 1 
u017 	 LIMO = NCLL 
uuld 	 UL 6 K=1.Nbuil 
0u1 	 6 	LLAb(K)=bLK 
uuaO 	 K1 = (NFiCAti — 12)/2 
uukl 	 K12 = K1 + 11 
uuez 	 hoc = U 
0011:i 	 OU 5 K=K1.K12 
U0'24 	 KK = KK + 1 
0o25 	 5 	CLAB(K)=VLAtiIKK) 
utJZO 	 K=1 

wRITL(6.1U2)ULAbiKliwVALs(GRIU(11.1=LIML.LIMU) 
uU2d 	 UU 2 J=1.LR 
UU29 	 LL 1 JJ=I.9 
0u40 	 LImL=LIMU+1 
00:J1 	 LIMu=LIMU+NLUL 
UU.12 	 K=K+I 
Duke 	 1 	1.h1T4.--(t.101)ULAEI(K).(GRI0(1).1=LIML.LIMU1 
0u34 	 LLML=LIMU+1 

L1Nu=LIMU+N..UL 
GU3u 	 K=K+I 
0u37 	 VAL = VAL — X1NL 
UUJU 	 2 	IAKITL(01/U2)ULAutK/oVAL.(GRIU(1).1=LIML.LIMU) 
00..0 	 Lk=NkU ►  — 1U 4 LR 
04-44(.1 	 IF(LR.EU.U) tau TU 4 
0o41 	 LIML=LIMU+1 
uu42 	 LIMU=LIMU+Nk:UL 
uu4:3 	 mtITL(6.1U31 lun10(1).1=LIML.LIMU) 
U ■I*4 ,41 	 4 	 hiAl1L(u.10fAixV.,L(K).K=1.LCI) 
OU4a 	 o ► lltAuflU4)(ALmUIK).K=1.11 
Uutit, 	 kt,IukN 
0U4 	 lul 	F41-,hmAT(X.A10/X.Iu2A1) 	 • 
uu41 	 10.4 	ilLkWA1(.2,X.A/111-c..2.1.X.IU2A1) 
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UU49 	 103 	UuRMATII9X.102A1/ 
• 

Uubu 	 104 	FUkMATI53X.12A1/ 
U051 	 lub 	FLAMATIIIX.11Flu.2/ 
uu5Z 	 LAD 
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0001 	 SUUkOUTINE PkUXIIS.113.DIFF.SEC.ABIL.ISELoSE.M) 
UUUG 	 ulMENSION IS(1).113(1).DIFF(1).SEC(1).ABIL(1),ISEL(1/.SL(1) 
L•L10.3 	 CUMMON NITEM.N6RUP.MINSCeMAXSC.LRECIINSUBJelCsKCA8.1SW(11). 

1SN AMt. I 1 
UUU4 	 LL = LkLC — 1 
uULTh 	 uOLT = 0.0 

LAI 2 1=1. TLM 
ouU7 	 U11-1-( 11=U.0 
4)&100 	 IFAISLL1I1)4.81 
uUU9 	 1 	DIFF( 1)=NSUri.,1 — 15(1) 
Uul u 	 plf-F I 1) =- ALUG(011-F(1//IS( /1/ 
clUI 1 	 DOUT = DOOT 	DIFF11) 
Uu12 	 2 	CLINT INU- 
uul 3 	 = 0.0 
Uul 4 — • 	• 	 UUCT 	DOOT/LNLC 
Gul 	 Uu 4 1=1,NIILM 
Uul 	 IFIISEL d 	14.4 
Ou17 	 3 	Ulf-Fl 1/ = DIFF111 — DuOT 	 . 
uu1b- 	 = 	+ DIFV11/*UIFFIIi 
uul 	 11 = DIFV111 
000 	 4 	CUNIINUL 
buZ1 	 bULT = 0.0 

• Uudk . 0/12.89.4LRLC-11) 
uu2.1 	 = 0.0 
(:04 	 DU b J=141NSC.MAXSC 
uu•2b 	 Ad 	= J 	 _ 
0020 — 	 A8IL(J) = ALCAilABILIJ1/(LREC—J)/ 
uu27 	 UDUT = 	+ AulL(J)*IdtJi 
Uu2ci 	 5 	U = b + ABIL(J1*AtilL(J)*Iii(j) 
uu29 	 bUCT = 6DUI/NUbJ 
Otr3J 6=6—UU014bOUI*NSubJ 

b=b/(2.89*(NuUJ —1J) 
C = b*0 

th.t4-3 	 uUUT = 1.0 — C 	 . 	. _ 	_ 	 . 	. _ 	 _ _ uu34. 	 " X = 11.0+01/ouLT 
uu-lb 	 Y =•-• 	1.0+U //OLJUT 
UU36 	 b 	SURT(Y) 
u U3 7 	 0 = SWAT (X) . 	. 	 . 	 _ Uu.30 	• 	 bikITLItill 1011 u.0 
uuJ9 	 101 	FUFIMAIOUUli-fACULTY SCALE FACTORisF6.2. 

I° AWL 1 1Y bLikut FAL:TUFO .F6.2) 
Uu4U 	 00 9 1=1. NI ILA 	 _ 	 _ 	- - 	- 	 . - - — uu41 • 	 • 	It- (15f.:_L I 1 I ).t'a 
U.:44 	 a 	Ulk-i-( I/ = 	 / 
u04.1 	 Ull-F(1+N1TLAil 
Uu44 	 L=b4NSUbJ/ .1:411144NSUUJ-1S1111/ 
004b 	 StL(1) = 
0u4te 	 9 	LLN11NUE 
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uU47 	 UO 10 J=1.1-1 
0044.1 	 AuILIJI = J 
try49 	 AbILIJ/ = ALUULABALIJI/iLittC—J!)  U050 	 AbILIJI=D*AbILIJI 
vu51 	 Z. = U*LREC/1J*(LieC—J1) 
uubG 	 10 	SL(Ji-NITEM1=uk111/ 
00b4 	 kETuRN 
oUS4 	 EAU 
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01101 	 SUBkOUTINE WLJUP(IDATA.113.1S.ISEL.14•1D.DIFF) 
UuO2 	 DIMLNSION 1uATA11/./8(11.1511),ISELIIIsIA(11.10111 
00U3 	 DIMENSION ISMIJJ.DIFFI11.10D120/s10Pi(20).KKEY(1601) 
u004 	 COMMON /GRIu/ MAI- A(100.21) 
u005 	 CLMMCN /FCk.4/ FMT(lts) 
uuUb 	 COMMON NITcM.N6kuP.MINSC.MAXSC.LKEC.NSUBJ.IC.KCAB•ISWIII/ 

I.SNAMLIII 
0007 	 DATA IND/Ih*/.1SM/IHS.1111.1MN/*KOLK/6 	ode 
0006 	 15*1=15.,(21 
0009 	 NSUUJ=I 
UulU 	 LLIM=IS*(3) 
oull 	 KL1M=ISW(4) 
0UI2 	 DU s 1=1.20 
001u 	 3 100III = 0 

C**htAD COLUMN SELLCT CA/it) 
0u14 	 kLAU(s.101) 

C*.ktAU KLY CAW) 
0016 	 IILAW5.1011i/DII/•1=1.LhEC) 

C**ktAb OPTION LAuLL CARD 
0016 	 kLAu(b.1011 IUPT 
u017 	 DL G3 K=1.20 
OUld 	 11- I1OPTIK).ALu.KULK1 GU TO 24 
0019 	- 	 23 	CLNIINUE 
OU20 	 K=K+I 
u041 	 G4 	NuPI = K-1 

C**PkINT SUMMARY INe4,kMATION 
0u22 	 60111ELU•200/ 
0023 	 681IL(6.201/IMN.MN=1.81 
0u44 	 akITLIos2U2JIINu.N=1.0).1IND.N=1.631 
0u25 	 1whIIElo.204111A(11./=1.LRLC) 
0U26 	 its.11E116,2061110I1/.1=1.LhEC/ 
0u27 	 N=1 
uJG6 	 NSC=I 
002$1, 	 15r.4 = I56(11 
UO30 	 CALL TkANIIA.LkcJ:.1 
uu.11 	 ILLKU=0 

If- IlSw4.NE.1) 6U TO 207 
00.14 	 1C010 .1; IfJP1111 
0034 	 CALL TRANSII4Lkia.1) 
UuJu 	 2U7 	CuNIINUE 
uu40 	 11- (1Sw4.NL.G1 CALL ThANSIID.LREC/ 

C**COuNT ITLMS SLLLLILU 
00.17 	 DU 22 1=1.Liiti. 
Uuica 	 KK=1A(11 
00.1y 	 IkIKK)20.22.21 
u040 	 2u 
0u4I 	 21 ISLLIN)=10(1) 
0ir41 	 KKLYINI = lull/ 
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uu43 	 IS(N)=0 
U044 	 h=htl 
uJ45 	 22 CUNTINUL 
ou46 	 CALL ThANSIKKEV.LitEC/ 
u047 	 N=N—NSC 
Ou4d 	 IC=0 
uu49 	 Uu 1 I=1.LRLC 
OuoU 	 JA=1A (II 
Ou51 	 If-C./A/19.19.17 
VUb2 	 1/ 
t,/.4 	 uU lb J=1.JX 
0‘14 	 IC=1C+1 
OuOO 	 lo 	WI/C1=0 
vino 	 19 	LU 1 J=1.21 
.17 	 1 	MAIX1I.J1=0 
uuSu 	 NLU«=0 
OuO9 	 NhIcAl=0 

Lt4thEAU AND wkITE UlkOT SUDJECT 
uouJ 	 kcAUIlwl.FATIIIIU(1).1=1.LkECI 
uuol 	 wkITLIo.205J11U11/.1=1.LRECI 
uuo2 	 A S SIGN 95 TU IbIM 
uUoj 	 LU St 1=1.3 
uu64 	 UU IG G 
uUoS 	 61 	LCANTINUL 
uutAl 	 ASSIUN 94 TU /SIM 
vuo/ 	 LALL ht.IM410.1wATA.UIFF.KKEV.1/ 
Ovuo 	 2 Uu 14 1=1.NITLM 
uu69 	 13 WATA11/=0 

C**SCukk LACH ITEM 
UU70 	 K=I 
Ov71 	 UG 41 I=LLIN.KLIM 
uu72 	 1J6J(K)=10(11 
Ov7J 	 41 	$.4=K+1 
vu74 	 K=I 
vu7* 	 4 	LAJLG 1=1.LfitC 
uO7o 	 allAII)Jobt.b.o0.6 
1O7/ 	 b Ow u4 J=1.NuP1 

C414,COUNT uPF1UN SLLLLTEU 
uU7o 	 11- 11011/-10,4 11JI104.b5.64 
k107. 	 o4 CUNTINUI 

Uo5 	J = NUPT + I 
vuol 	 tab MATAIK.JI = AATAIK.Ji 4. 1 
UOd4 	 K=Kfl 
uub3 	 uo 

‘11t*bLt,hi. LACH PLkSum 
uvo4 	 CALL t)CLKLIIUATA.1J.IA.lbci-shSC.1SW4.12ERO) 

C44,u1CAKU &thl, Lk. PLki- tLi PthOUN SCURES 
Oucla 	 11- 1NoLi 93.10.7 
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008* 	 7 IBINSCI=1BINSCI+1 
0u87 	 IFINSC—ICI8y0•11.11 
UUtid 	 *00 IFINSC.LT.MINsC.UR.NSC.GT .MAXSCI GO TO 93 

C.**.kITL SCRATCH rILL 
JuB9 	 tt 	hklIE11/IIDATA(11.1=LoNITEM)e(IDDI11.1=10KLIM/ 
0U9U 	 NSUUJ=NSUUJ+1 
0091 	 It-INC—MIN5L193.b1,87 
0092 	 IF(NSC—NAXSL)o0.0b.7AJ 

C**ACCUMULATE MANLINALS FOR CALIbRAIION ROUTINES 
U093 	 bd Uu 	1=1.NlIcA 
0094 	 9 1(1)=1S(1)+WATALIT 
009* 	 93 	Gu TO 15101.4.951 
UU9b 	 94 CALL RLSIMIlu•LOATAIIDIFFIDKKEY•21 
0097 	 GU lu 96 
0098 	 95 LuNTINUE 

C***EAO NEAT fALCOhu 
0099 	 RLAutISWI.FMI.LNU=121I1UI11.1=1.LRECI 

LUC 	kLAWIS%I.FAIJ 	 (1041).1=1.LhEC) 
COC 	IFILOFt1S1.11.NL.O1 GO Tu 12 
(**TEST 	LNU OF t-ILL 

0100 	 S, t) 	IFTID11/—INJI2.12.2 
0101 	 10 NLLA=NLO4s+1 
0102 	 (A) TU ISIM.(94.9b) 
U103 	 11 NHILII=NhIGH+1 
U104 	 GU TO IS1M.194.91 

C***1411L SUAMAkY 1NFokMATION 
0105 	 12 (NAULJJ=NSULJJ-1 
0100 	 buNI1E10.107/NITLM.NSULIJ 
0107 	 WkITE(6.108) 
010* 	 CALL PAGE(2.J1 

C**PRINT OPTION FRtuUtNCY TABLE 
u109 	 wRITE(6.10:JJ [UPI' 
QI1J 	 1=1 

. 0111 	 LLINE=0 
0112 	 NOPT = NOPT 4- 
0113 	 NLPT1 = NOPI — 1 
0114 	 VU 114 M=1.LWLL 
0115 	 ItI1A(M11113.114.112 
ullu 	 112 	w.kITEI611104JI.SNAMEI1/40MATX(IoNOPTIDISEL(lis(MATX(1.K)irk=loNOPT1) 
UII7 	 1=1+1 
01143 	 CALL PAGE(4.LLINLJ 
u119 	 1r1LLINL.LO.U1 WRITL16.10311CPT 
ulkJ 	 GU 10 114 

113 	1 = 1+1 
0122 	 114 LONTINUL 
u12.3 	 IhmITEIb.1051 
0124 	 14 	N5L=NLOw+NH1c2H+NSUUJ 
U14 	 CALL PAGctkoJa 
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• • 

u126 	 wklit,16.1021 NI-Ga.NHIGH 
012/ 	 07.0 
0126 	 OU725I=1.1-k 
012w 	 K.K=1A(1, 
01JU 	 li-AKK/753.720.702 
0131 	 752 leItSw4.NE.t/KK=1 
0132 	 L=1,..+1 

. 	013J 	 16LL1L)=KK 
0134 	 725 LUNTINUL 
0140 	 LALC=IC 
G1.30 	 NITLM=L 
0137 	 1L=N 
U1341 	 wkITE1b.1061N.L 
01.19 	 L141) FILL 1 
U141.0 	 kLw1ND I 
0141 	 100 FUkAATI60111 
0142 	 101 1.4.JkAATtb0A1/ 
U143 	 102 kLkMAT(// 1X2IHNUMULF1 OF lERC, SCORES Ill/lX241iNUMBER OF PERFECT SC 

• 

111r4i6.16) 
0144 	 103 FLAIMAT1//10A0ALTERNATIVE RESPONSE FREOUENCIESWILX.120(11.")/ 

• 12XOSE0°.1X01TEMI./ 
22X0Nutioll.1)(06NANE°.3KOUNKW.3X.IKEY's6X.20iAls4X3/1X11120(e-41)) 

0145 	 104 FORMAT115.1A.A4.2X.14.5X.4401°.2015/ 
U1416 	 105 FU6MATIIX.14.016-61.1 
0147 	 106 FUhMAT1//' N0AbEk UF 1TLMS SELECTEE:0.14/s NUMBER UF ITEMS NAMEDeloT 

17) 
014b 	 107 F6kMATI/PION0NULk UF IILMS11.15/11 NUMUtR GF SUBJT°.15/ 
014vl 	 1041 FUkMATI////////60A.5316**//2160X0*0.51X.°*°/1.60X.41*°.4X. 

Is* * * BILAL - VLRSION 3 * * 46.4X0411/2(130X04°. 
/01X04.4/1.80X04".5A.401NECT ENOUlklES TO:1.24>X041/bOX.°441. 
315XOSUSAN 	BLL1-1023X04"/E0X114146.15X0C/0 BLNJAMIN D. %RIGHT.. 
414X.046/00X.4*6.15X0ilEeAkTMENT CJF EDUCATIONI.13X0*41/60X0**.15X. 
WILJNI1iLkSITY u1- ChICAL;u6.10X.I*6/80)(04".15X. 
685835 6. KIALIAkK AVLNuE8.14X0*°/80X0*°.15X0CHICAGO. ILLINCIS 6 
706374.14X0‘41/ouX046.15A.6(312) 75::.)-3014:14.22X.046/60X0***15X01(3 
b14) 753-401.16.24A0*./(bUX.°44.51X04,./).b0X046.2XOCCPYRIGhT BY 
V kONALU J. AcAu. bLNJAMIN U. MRIGHT0.1X.14°/d0A04°.14X0ANO SUSA 
IN k. tiLLL ( 1V/V/1.13X4**/2180X0*°.51X.**°//1.80X.6314*$)) 

0150 	 20J FUkMATI1H+.//1A161-1COLUMNb 5LLLCIED/1 
0151 	 201 FL6MAI11H+.41101 
0152 	 202 FUkMAIIIH .1t11.0A1.1H0.7119A1.11-10)/ 
u153 	 204 1-UhMA1(1H .0UA1/1 
U104 	 205 FokMATIIMU.I.Jhelk6T SUbJLCT/IX60A11 
0160 	 206 1-UliMA/IIHU...a1KcV/IALWAI/ 
0150 	 kLIUKN 
U10/ 	 t-Nu 
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OU01 	 SUBNOUTLNE kESIMIIO.IUATA.DIFF.ISEL.M1 
UJOG 	 OIMENSION 10111.1UATA111.011-4.(1),ISELI11.1CODE(36).COM(1) 
UU0.1 	 COMMON NITcAoNGkUP.MINSC.MAXSC.LkEC.NSUBJ.ICsKCAU.15W111/ 

lsbNAME(1) 
U0J4 	 DATA JO/IN 	 1I U 

11+19.1HAelHb.1til.1110.1HE./HF.1HG.IHH.1111.1HJ.IHK.INL.IHM.IHNelHO. 
2111Ft1HU.INkolMs.1HT,IHU.INV.11- Welhx.IHY.INZ/ 

Uu05 	 GU ID 11.4104 
OU0o 	 1 	htAu(b.101) WIU1H.ISLJJ.GMEAN.S0.1SED 
UU07 	 IFl/SED.GToU)ISLLO=ISED 
uUUD 	 wkIILIO.10511SUoJ.1.10TH.GMEAN.SO .ISLEU 
OJOy 	 .101h= W1UTH/(N1TEM-1) 
UJ10 	 MI=0. 
UUll 	 P=0. 
U012 	 uu 10 I=1.NIIEM 
loOlJ 	 Au=Ad+ISEL111 
Oul4 	 P = P-1 
uOIS 	 1U LONILNUE 
0010 	 UIFF111=MIDTH0(1.*P/Ab) 
Ut117 	 L0=U1t- Ft11401f4.11.1 
uUlb 	 NN=ISEL111 
0J19 	 1=1 
0021) 	 WRITE15.10211•DIFFIII 
0021 	 (Jo 2 1=2.NIIEM 

oIFF111=DIFFII-1/+wIDTH 
uu2.1 	 Db=14) 	UIFF111*DIFF(1) 
uUkt. 	 NN = NN + IsEE(1) 	• 
Ou25. 	 witliE(o.10211.UIFF111 
Ou24 	 2 	Ulf11 (1-1)=EXPLUli- F11-1)/ 
tJ021 	 LIFUINI1EMI=LAP101FeINIItM// 
(W2o 	 DU=SUkTIDO/ANN—l/1 
uo49 	 whI1EtilsIU61 DU 
Uu30 	 OU 3 1=1.150 
UuJ1 	 3 	10111=J0 
Ouie 	 1CNI=0 
Gu33 	 AwM=0. 
&W./4 	 ALIM=0 
u03o 	 4 	IftICNT.LT.IOUBJI GO TO S 
uu3o 	 /u41/=IND 
Uus7 	 AuMc=SOkTUADM2—AbM*ABN/ICNTI/(ICNT-1)) 

AdM=AUM/ICNT 
UJJ'i 	 ak11- E(6.10411LNT.A8M.A8M2 
LuitU 	 kEILikr4 
UU41 	 S 	ICNT=LCNT+1 

CALL GGUN(1:›LU .1.CUM) 
CUC CALL UUNLRI1oLtu.I.CUM) 
C 6GuN uLNcRATIS NurIMALL VARIATES wITh MEAN 0 AND VARIANCE, I. 

1:)LL.A. IS 1111.... I-JcLO FUR THE GENERATOR WHICH IS READ FROM 



FUkTRAN IV 41 kLLEASE 2.0 	 RESIN 	 DATE = 79220 	 11/03/46 

C 	 SIMULATION UEOCRIPTION CARD. 
C 	•I• INDICATES ONLY UNE DEVIATE IS TO BE REURNED. 

COM IS AN AkkAV IN WHICH ThL RANDOM NUMBER IS RLIURN80. 

	

0043 	 A6L=SD*COMI14+UMEAN 

	

U044 	 AbM=AbM+AbL 

	

0046 	 AE04:.=A6M+Acic4AUL 

	

UU40 	 AD=EXPIA6LI 

	

. uO47 	 DU 8 I=l.NITcM 

	

0U4o 	 IX=ISLL(I) 

	

0D4V 	 IFIIX.EG.01 UU TU 

	

Ou5U 	 P = AE/UIFFtII 
C NEITHER GGUN NUN G003 ARE INCLUDED IN THE RASCH SUUkCE DECK. 
C THEY AkE PAkT ut ISVS2.IM5L 4  PACKAGE AT THE UNIVERSITY OF CHICAGO. 

	

Gubl 	 P=P/(1.11.P) 

	

0052 	 NoC=0 

	

u054 	 Uu 7 J=1.1)( 

	

0U54 	 CALL GUU3i1sELU.I.CUMJ 
WC 	CALL 000b(ioELU.I.COM7 
C GGU.) GLNEhATES UNItUkM MANUUM NUMBERS. THE ARGUMENT LIST 1S 
C 	Io IULNILLAL TO •GGUN. 4  

	

4,056 	 ItICUM/1)-P1u.b.7 

	

0U56 	 6 NSC = NSC +1 

	

Uu57 	 7 	CuNTINUE 

	

LUSd 	 ID 	11)=ICUOu(NSC+11 

	

UU5', 	 8 	CUNTINuE 

	

UvoJ 	 IF(ISWC71.NE.UjwRITE(6.103JICNTIpAbLirt10111.1=1.NITEMJ 

	

U001 	 101 FUlkNAIF(F5.0.13.C.Fb.U.11U) 

	

UVOZ 	 102 FORMAI(' ITEM NUMutki(015.• DIFFICULTY= 41 .F7.3) 

	

u0oO 	 103 FORMAT(' SUDJECT NUMBER 1 .150 ABILITY *.F6.3• RESPONSES •.80A1) 

	

0084 	 104 	 SUOJECTS SIMULATED. MEAN ABILITY = 0  
STANDARD DEVIATION = 1 .F6.3) 

	

OUuza 	 1u5 FORNAI•OSIMvEATION OFIs15. 6  SUBJECTS°./.• TARGET VALUES 
1• 6 7Lol vIUTH =•peo.J•/.• ABILITY MEAN =',F6.3.• STANDARD'. 

• 2' DEVIATION = 1 .F0.3,/.• SEEU FOR RN GENERATOR = '.110.// 

	

Ou66 	 106 FUilAATI/ 4 4.1 1 .9A•STANJAku UEVIATION'ef7.21 

	

.8867 	 RETURN 

	

Ou00 	 END 



fUkTaAN IV 61 NELLASE 2.0 	 SCORE 	 DATE = 79220 	 11/03/46 

OuUl 	 Subk6UTINE 5CukEi1UATA.1U.ISLLIDKEY.NSC.M.NZ) 
U002 	 ulMLNSION luATAll)•IU(1),ISEL(1)•KhYll) 
UUUJ 	 CUMMCN NITLM,NCJIAJP,,MINOC•hIAXSC•LREC.NSUBJ•IC*KCABIIIS1.(11) 

1•SNAME(1) 
00U4 	 OATH bLK/1H /.A5T/1H0/ 
u005 	 MM=M+1 
uuuo 	 NSC=0 • 
Uu07 	 J=0 
uuUb 	 uU TO 49.1.14.19•24),NN 
uuJy 	 1 CALL TRANS110.LaLCI 
Uul 	 uU 5 1=1.LkLC 
will 	 K=ISEL41) 
Uu12 	 If(K)4.5.2 
()Lola 	 2 	If(K-10(1I)o.J.3 
uu14 	 3 	lull) = 10(1) - NZ 
uu15 	 NSC=N5C+10(1) 	 - 
UUlo 	 4 	J=J+1 
0ul7 	 luATA(J)=1D(l) 
uulb 	 b 	CONTINUE . 
UU19 	 kETukN* 
uU2U 	 o 	walIEtb.101)(lUlK)•K=1.LkEC) 
uu21 	 kkITElb•102)IbLK.K=1.1).AST 
u022 	 INSC=-1 
uo2.1 	 htTURN 
uU24 	 9 	J=1 
uU2* 	 Lt, lj 1=1.1..fltC 
u026 	 K=ISEL(1) 
uu27 	 1F(K)12.13.10 
002d 	 10 
uu29 	 11 	hoC=NSC+1 
uuJO 	 IDATA(J)=1 
GU.11 	 12 	J=JtI 
uuj2 	 13 	CLINTINUE 
OuSa 	 HLTUNN 
uuj4 	 14 	CALL TRAN5(1u.LNLC). 
uU35 	 J=1 
uu3o 	 Uu Id 1=1.1-aLC 

K=ISEL(1) 
u 0 	 IFIK117.18sId 
uuj 	 15 	IVilUlll -KtVlJ1116.16.17 
UU4U 	 10 	NC=NSC+1 
6u41 	 IUATAIJ1=1 
uu•2 	 J=J+1 
tiu43 	 10 Id 
0u44 	 17 	luATAIJI=0 
4),)43 	 J=J11.1 
Ulo4gJ 	 lb 	CUN1INUE 
uu47 



FLkTkAN IV 61 hELEASE 2.0 	 SCUkh 	 DATE is 79220 	 11/03/46 

Ou4S 	 19 	CALL TkANS110.LkEC3 
41.14 	 J=1 
uub4 	 DG 23 1=1.Lfttt. 
uu51 	 K=ISELII) 
uob2 	 IF(K)22.24.4u 
uu5J 	 LO 	.1110111—KEY1.13122.21.21 
JUS4 	 21 	N5C=N5C+1 

. uu5o 	 IJATAIJI=1 
uu50 	 J=J+1 
Uu57 	 UG IG 23 
uood 	 22 	IJATA1J1=0 
Ou5U 	 J=J+1 
()LAW 	 CGNTINUE 
00u1 	 itTuRN 
Uub2 	 24 	CLANTINuE 

C**THI5 6PAC. RESLkVEU FOR USER SUPPLIED LOGIC. 
uubJ 	 101 FUNMAIIIXOILLEGAL CODE. CASE OMITTED0/11X601131 
UUG4 	 102 FURMAT181All 
uuo5 	 RETukN 
UUO6 	 END 

• 



kukTkAN IV GI RELEASE 2.0 	 SMNRY 	 EMU. = 79220 	 11/03/46 
• 

Uu01 	 SUBROUTINE sMNHY(DIFF.A.Z.IDATA.IS.MATX.ISEL.81.1b.SEIDTZ.EX.PB. 
*STAT.SI/ 

Ou0Z 	 DIMENSION DIFF11),ISLLI1/.1DATAIIIsMATX11).1511).A(1),E(1),I0(1) 
U00J 	 DIMENSION XX171.STATI1).AVG17).2(1).SE(1).EXII)sT4111.PB111. 

*SW/ 
U004 	 CuMMON NITEM.NGRUP.MINSC.MAXSC.LREC.NSUBJ.IC.KCAB.ISW411/ 

1.SNAMtil/ 
UOOS 	 LLINt=0 

C**CLEAR NECESSARY ARkAYS 
uO0O 	 DO 97 1=1.NITEN 
0007 	 IFIISEL(1)197.97.9b 
JUUti 	 95 its=1 
UuU9 	 97 CONTINUE 
uulU 	 9d 1=1.7 
u011 	 90 	AVG(I)=0.0 
Ou12 	 UU 99 I=1.2d 
U014 	 99 61A7(I/=0.0 
uul4 	 DIF = 0.0 
UU/5 	 CALL PAGE(2.J) 
°Ult. 	 Du 1 I=1.NIIEM 
UU17 	 1st/A = —IS11) 
uUld 	 I IB(11=1000.0*IL(1) 

C**FINO DIFFICULTY ANL) FIT ORDERS 
0019 	 CALL SkT(L5.1uATA1 
ut)20 	 CALL skT118.1S1 

C**PR1NT OLAbINGS 
uU41 	 witliE16.100) 

CA**PRIN1 TAOLE *II1-1 I EU SEU ORDER* J EU DIFF ORDER AND K EU FIT ORDER 
ouez 	 11=0 
OU2.1 	 12=0 
UlJa4 	 1.A.1 	I=1.NITEA 
Ot.2 	 11-11SEL11).L_L.u) UU TO 
Uirca 	 11 	11=11+1 
uuz/ 	 J=IDATA1/1) 
uu2o 	 IFI/StLIJ).LE.U.AND.II.LL.NITEN1 GO TO 11 
u029 	 12 	14..=12*1 
uu3u 	 K=IS(12) 
uU:31 	 IFIISEL(K).LE.U.ANU.12.LE.NITEMI GO TO 12 

LALL PAGL(4PLL.INE) 
UUJJ 	 IF(LEINE.EO.UJitikITL(6.1U0/ 
u0i4 	 i%kl1L4bolj141.SNAM11).01FF111.SE11).A11),T2111.J.SNAME1J1. 

IDIFFI.O.A1J1.1.41u/sKISNAML(K).DIFF(14.).EX(easPEIIK1.TZIK11,2(K). 
2S1I+A.A(K).o1KJ 

uU44 	 AX11)=DIFF41/ 
UUJo 	 XX(e1=AII1 

AA131=1-ct11 
UuJo 	 XA141 = P61/1 
uu-19 	 )0kt:A = Z11/ 



fUkThAN IV j1 kE1.-ASE 2.0 	 SNMkir 	 DATE a 79220 	 11/03/46 

ud4u 	 AA(bl = S1I1) 
0041 	 XXI?) = SEW 
uu,2 	 KL=1 
004J 	 11-(1SELIII122.22.5 
U044 	 5 DU 2 K=1.7 
0u4b 	 AVGIK1=AVG(K/4-XXIK/ 
UU40 	 DL 2 L=1.K 
U04/ 	 STATIKL)=STATIKL1+XXIKI*XXIL) 
uO4o 	 2 KL=K1- 4.1 
UL:t4V 	 UZ = XXII/ ,* XXIII 
UU50 	 b2 = XX(7) * XX(7) 
OU51 	 VLF = UIF 	(u2-S2) 
0Ub2 	 22 CUNT1NUE 
00b3 	 KL=1 
UJ54 	 X= IC - I 

(.41 41COMPuTE MEANS. STANOAHO OLVIATICAS AND CORRELATIONS 
uubb 	 OU 4 1=1.7 
Ou5b 	 AV4(1)=AVG11// LIEC 
uub7 	 UU J J=1.1 
U0511 	 SIATIKLI=ISIAI(KL/-LRtC *AV6(1141AVGIJ11/ILREC'- 11 
Oubzr 	 3 KL=KL+1 
uw0J 	 KL=1 
u061 	 DL 4 1=1.7 
Uuu2 	 K=I1*(1+1)//2 
UUGJ 	 XX11/=SukT(SIATIK41 
uu04 	 UL 4 J=1.I 
(Juei:i 	 IFI(XX(I)*XXIJ/J.NE.0.0/STATIKL/=STATIKL//1XX(1)*XX(J)I 
000b 	 4 KL=KL4-1 
U00/ 	 ULF = AMAXI1UIF.0.01 
(Juba 	 It•4U1F.GT.O.OWIF = WIRTIOIF/ILREC-■ 1/1 
CoUo9 	 WkI1E(0.102,11AVL,111.1=1.4/.AVG(3).AVG(5)sAVGI6/.DIF.(XXIII.1=2.4). 

*XX(a).XX(5).XX(u) 
Uu70 	 (ALL PAGL(5.J1 
U071 	 100 FuRMAlt/1:•SLit4AL ORDER's2;dX001FfICULTY ORDER•.34X•FIT ORDER•. 

1/1x1J21 41 - 6 //2X0SLU ITLM•.JX.•ITEM•.2X• ST0 1 .4X.•DISC•o3X.• FIT 
SE(. ITLMI.4x0ITEM".jXs°01SC".3X." FIT 1°. 

1' Scu 1 TLM 	1TLM Lket 	1-11 T-TLSTS W7U MNSU DISC POINT° 
2/2X.•NUM NAmE•.jA.•UIFF•.2X.•EkNER•.3X•INDX•.3X•TTEST is. 
*IA.'NUM NAML 6 s3A. 6 UIFF 6 .3X0INUX 6 .3XOTTES7 I's 
J• NUM NAME 	u11-1.- IMPAC BLIWN TOTAL MNSU SD 	INDA BISER• 
IP/IX.1J2•-•11 

0072 	 /01 fi,NMAT(15.1XA4.4F7.4.2XINg.141,1XA411:1f7.2.2X1H1.14.1XA4oF7.2.F6.2. 
*21-7.2.e0.02.r.S.2•2eU.21 

0U7J 	 102 IrulkMAT( 1 X. 142/ 111-1/uA•MEAN• 	.7)4..2F7.2.58X.21'7.2•F6•2 ► 1.-5•2/ 
.oAs 6 S.u. 6 .F/.2./As21-/.2obbX.2f7.2.F6.2.F5.21 

uu74 	 NETUI1N 
0075 	 kNo 



Fk,kTkAN IV 41 kELEASE 2.0 	 Ski 	 DATE = 79220 	 11/03/46 

0001 	 6UokOUTINE SkTIMATX.IDATA1 
u002 	 U1MENSIGN MAIA(1)•10ATAI1/ 
uuUJ 	 CuMMON NITchi.N4kUPIDMINSC.NAXSC.LREC.NSUBJ.IC.KCAti.ISVIIII 

1.kAML(1) 
4.**SUkT CONTENTS OF MAIA. STakt UkUtil IN 1DATA 

0004 	 uu 1 1=1.NIILA 
UJUS 	 1 lUATAII/=1 
UuUu 	 DU 2 1=1,NITEM 
00U7 	 uU 30 J=1.NIILM 
OUUti 	 1X=IDATA(11 
u009 	 JX=IDATAIJ/ 
uul0 	 1e1MAIXIJA/-NATAI1XJ13.30.30 
O011 	 3 luAiA(11.=JX 
tit/12 	 loATA(J)=IX 
0U13 	 30 CONTINUL 
uul4 	 2 CuNIINuh 
0U1 	 kLI-UkN 
UUlb 	 ENU 



klATHAN IV GI RC.I.LASE 2.0 	 MANS 	 DATE = 79220 	 11/03/46 

0001 	 5U8KOUTINE TRAN5114,1-LNG/ 
UUOL 	 L1MLNSION 1/1111iolCOUE13b, 

CUMMUN NITLISoNW.UP.MINSC.MAX5CADLREL.NSUBJ.IC.KCAb.154111/ 
loSNAME11) 

UJO4 	 CPATA /CLOE/IMU.lhlolH2.1H3.1114.1h5.1H0.1h7.1Hb.11.19.1HA.1M84,11.1C.IHD 
1.1HL.IHF.1HultIMM./H1.1HJ.IHK.IML.1HM.IHN.1H0.111PoltWoltikelhS.IHT. 
;e1hUo1HVIelHiblilhX.1HY.1HZ/s8LK/11-1 /.1AMP/11-16/ 

0005 	 UU lb 1=1.LLNG 
0006 	 K=1A11/ 
uU07 	 11-1K.NE.8LKJ uO TU 14 
tJUUd 	 14111=0 
Ut009 	 GU TO 18 
0010 	 14 	lElK.NE.IAMe) GU IL. 15 
UUll 	 IA111=-1 
uul2 	 GU TO lb 
001:2 	 15 	UU 17 J=1$30 

IFIK—ICUUELJI,117.16.17 
OUI5 	 16 	1A11/=J-1 
tun° 	 GU TO lb 
U017 	 17 	CUNT1NUE 
UUld 	 1A11)=0 
loOl9 	 lb 	CUNT1NUt, 
UU2U 	 hLTURN 
Uu21 	 LNU 



FLkTkAN IV 61 ktl_LASE 2.0 	 OWN 	 UATE = 79220 	 11/03/46 

UU01 	 blUbkOUTINE. uLIDNIS•k.D•StC•48•1SEL.SEi 
0002 	 1N -1E61:Lk RI1/.611/.1SE1-(1) 
OuU3 	 OrMLNSIUN WII.A6121.6E11).SEC411 
uu04 	 COMMON NIT=MsN(AkOP.MINSCIIMAXb,C.LREC.NSUBJ.IC.KCAbsISWIII/ 

1.SNAMEll) 
U005 	 L=N/TEM 
JUJU 	 LI=LkLC-1 
uJU7 	 LA=LkcC 
uUUti 	 DX=UX/L1 
0009 	 U0 199 1=1.1- 
uuLO 	 ItIISELIII.L.U/ GU TO 199 
001 1 	 U11) = 011)*UX 
U012 	 199 	CDNIINUE 
uul3 	 DU 20u0 11=1.10 
001 4 	 N1TLR = IT 
uula 	 CkLI=U.0 
0010 	 CEN=0.0 
01)17 	 DO 201 1=1.1- 
uuld 	 11-(ISLLII),1 201.201.200 
0019 	 200 CONTINUE 
0u20 	 CALLNE4.T(011)•16LLIII.AboR. S1lioNSELIDMINSCoMAXSCs0.4.05.109D00P/ 
UO21 	 LtN=LEN+D(11 
OUGG 	 bc_L(I)=P 
uu23 	 201 CuNIINUL 
0u24 	 CtN=CEN/LkEC 
uU2b 	 UU 41,e 1=1*1- 
uU2o 	 1f'415LL(1)) 212o212.211 	 6* 
002 7 	 211 041)=011)-CLN 
Uu ■Gb 	 CklI=CKIT+41:114)/1/-SE(111 
0029 	 212 cuNT1NuL 
0033 	 lUtIT.61.1) UU 10 205 

204 1=1.1_ 
uu32 	 lf- ( 151-L11))204•204•202 
00.33 	 202 	U(142#N1TEM)=u114/UX 
0034 	 204 	CuNT1Nue. 
0033 	 205 	1FI(CNIT/IC1-U.U26)330.1999.1999 
uu36 	 1999 UV 214 K=M1N5c•MAAC 
0031 	 uU 215 11K=1.5 
Uy.lb 	 1A=K+L 
0039 	 SLIIA /=0.0 
0U4 U 	 UU=U.0 
Ou41 	 U6 216 1=1•L 
0042 	 1FA1SLL11/1210.2101,213 
0043 	 213 P=LXPIAU1K1-u1111 
6J44 	 P=P/(1.04-P) 
ulJ 4 1 	 SLi1A)=5E11A/+P*11.0-P) 
u04u 	 Uo=botP 
uu47 	 216 Cul\IINUL 



1-0/.THAN IV 61 kELEA5E 2.0 	 UCON 	 DATE m 79220 	 11/03/46 

Ou4d 	 DO=1K-001/SE1AX1 
0049 	 AUIK)=AbIlt/+OU 
0u50 	 It-(ABSIOD)-0.u5J214.215.215 
04)51 	 215 CONTINUE 
0054 	 214 CONTINUE 

U4 20001=1.1- 
0054 	 IFI1SEL(1)I 2000,2000.2001 
uu. 	 4001 SL(1)=011/ 
0650 	 2000 CONTINUE 
0o57 	 430 	bu=LeiLiC-1 

• Oubd 	 DO=UU/LkEC 
005 	 IT=LNEC- 1 
Ouou 	 UU :3J2 
00b1 	 IftISLIA13/ 442.4i2.443 
wi02 	 3.13 IX = lx + 1 
00b3 	 5L(11=0413-ut11/ 
UOU4 	 432 	0(11=U111/DX 
Ouou 	 WklIclu.1001NITER 
uubts 	 140 kokMATI• NOMutk LF ITERATIONS mg 6 .13) 
uuu/ 	 ktTORN 
Uu0o LNO • 



f-LATRAN IV 61 htLLASL 2.0 	 1PUS 	 DATE = 79220 	 11/03/46 

uJO/ 	 I-UNCT1ON IPustl.Ni 
u.,04 	 FAL=100u.O/N 
ouUJ 	 IPU6 = I/FAL 4. I 
uu04 	 IPUJ=MINOIIPus.N1 
vuUa 	 1PUS=MAXOCIPJ4.11 
uuUti 
01/4)07 	 LNG 



FURTItAN IV 61 ittLEAtad 2.0 	 1748 	 DATE 	79220 	 11/03/46 

but) I 	 FUhLTION I TAti1A•X141N•XMAX/ 
uJU1 	 IT Ab =a 1000.0 * X — AMIN) / tXMAX — XMIN1 
uu0.1 	 kt TURN 
te ■iO4 



kiikTRAN IV GI hELLASE 2.0 	 TTLST 	 DATE 	79220 	 11/03/46 

0001 	 FUNCTION TTESTIV.FI 
0004 	 TILST=0.0 
OUu3 	 IFILV.LL.0.0) kETURN 
UU04 	 NETUkN 
LAWS 	 X = 3 
Ouuu 	 A = X * SORTV/k.U) 
uuu7 	 b = V**(1.0/A) 
UJUu 	 111.= A * 0 	A * 1.0 / A 
uOU9 	 rteTUHN 
()ULU 	 ENO 



VII. AN  ILLUSTRATION OF BICAL OUTPUT 

The data for illustrating the program's application come 

from the administration of the 18-item Knox Cube Test, a sub-

test of the Arthur Point Scale (Arthur, 1947), to 35 children 

in Grades 2 to 7. 	This tiny data matrix was chosen to illustrate 

BICAL because it can be analyzed by hand (as it is in Chapter 

2 of Best Test Design). This simplicity makes it easy to see 

how BICAL works. We also wanted to show how Rasch item analysis 

can be useful for the smallest problems. BICAL, however, can 

handle much larger problems. 	It has been used with tests as 

large as 1000 items and samples as large as 15,000 persons. To 

increase the capacity of BICAL beyond the items it is now 

dimensioned to handle you need only increase the dimensions 

assigned to its major arrays. 

The Knox Cube Test implies a single latent trait. 

Success requires the application of visual attention and short-

term memory to a simple sequencing task. The test uses five 

one-inch cubes. Four of the cubes are fixed two inches apart 

on a board, and the fifth is used to tap a series on the other 

four. The four attached cubes will be referred to, from left 

to right, as "1," "2," "3," and "4." In the version of the 

test used for this example, there are 18 such series progressing 

from a two-step sequence (1-4) and (2-3) to a seven-step 

66. 



KNOX CVO( TEST CONPUTER OUTPUT EXAMPLE fOR OICAL MANUAL ESL 230 	 PAGE A 

CONTROL PARAMETERS 

NATEm NGROP mINSC mAXSC LREC KCA8 KSCOR INFLE LLIM KLIN NUPFL C•FIT ICSIN SPRIT 
18 	10 	1 	17 	20 	2 	0 	5 	 2 	0 	20 	0 	0 

PERSON FILL FORMAT (20AIA 

COLUmNS SELECTED 

	

2 	 3 	 5 	 6 	 7 	 a 
	 0 	  
111111111111111M 

KEY 

	

111111111111111111 	 - 

FIRST SUbJEC1 
011111111CCO00000000 

NumeER OF ITEMS 	I6 
NumBER OF Su5J1 	35 

*********************************meernomose********* 

• 
• • * • 	ICAL — VERSION 3 41) • 
• 
• 
• DIRECT ENOUIRIEs TO: 	 0 
• SUSAN R. BELL 	 0 
• C/O DENJAMIN D. WRIGHT 	 4 
• DEPARTMENT OF EDUCATION 
• UNIVERSITY OF CHICAGO 	 * 
• 6035 S. KIMOARK AVENUE 
• CHICAGO. ILLINOIS 60637 
• T312I 763-3010 
• 13121 753-4013 
so. 	 * • 
• COPYRIGHT OY RONALD J. mEAO. BFNJAmIN D. WRIGHT. • 
• AND SUSAN R. DELL 119791 • * • 

• gamileisoittrowelomsomosoosoes000ses ***** seeemoe.**osolloomeoetso 
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sequence (4-1-3-4-2-1-4). 

The 18 tapping series are given in Table 7. These are 

the 18 "items" of the test. Note that Items 1 and 2 require 

a two-step sequence; Items 3 through 6, a three-step sequence; 

Items 7 through 10, a four-step sequence; Items 11, 12 and 13, 

a five-step sequence; Items 14 through 17, a six-step sequence; 

and Item 18, a seven-step sequence. 

The responses of the 35 students to a single administra-

tion of the 18 items of this Knox Cube Text are given in Table 8 

in the form of a person-by-item data matrix. A correct response 

by a person to an item is recorded as a "1," and an incorrect 

response as a "0." The items are listed across the top of the 

table in the order of their administration. 

PersoL scores, the number of correct responses achieved 

by each subject, are given at the end of each row in the last 

column on the right. Item scores, the total number of correct 

responses to each item, are given at the bottom of each column. 

Inspection of Table 8 shows that the order of adminis-

tration is very close to the order of difficulty. Items 1, 

2 and 3 are answered correctly by all students. A second, 

slightly greater level of difficulty is observed in Items 4 

through 9. Then, Items 10 and 11 show a sharp increase in 

difficulty. Items 12 through 17 are answered correctly by only 

a few subjects, and no one succeeds on Item 18. Only 12 persons 

score successfully at last once on Items 12 through 17, and 

only five of these students do one or more of the six-tap items 

successfully. 
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ALTERNATIVE RESPONSE FREQUENCIES 

sE0 !Um 

	

NUN NAME 	UNKN KEY 	0 	1 

1 	101 	0 	 0 	35 	, 

	

2 102 	0  

	

0 	35 

	

3 103 	0 	 0 	35 

	

4 104 	0 	 3 	32 

	

5 105 	0 	 4 	31 

	

6 106 	0 	 5 	30 

	

7 107 	0 	 4 	31 

	

8 108 	0 	 8 	27 

	

9 109 	0 	 6 	30 
0 	110 	0 	 II 	24 
I 	111 	0 	 23 	12 

	

2 112 	0 	 29 	6 

	

3 113 	0 	 28 	7 

	

4 114 	0 	 32 	3 

	

5 115 	0 	 34 	I  
6 	116 	0 	 34 	1 
7 	117 	0 	 34 	1 

	

8 118 	0 	 35 	0 

PAGE 2 
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TABLE 7 

TAPPING ORDER FOR THE 
KNOX CUBE TEST 

ITEM LABEL 	 TAPPING ORDER  

	

1 	 1 	4 

	

2 	 2 	3 

	

3 	 1 	2 	4 

	

4 	 1 	3 	4 

	

5 	 2 	1 	4 

	

6 	 3 	4 	1 

	

7 	 1 	4 	3 	2 

	

8 	 1 	4 	2 	3 

	

9 	 1 	3 	2 	4 

	

10 	 2 	4 	3 	1 

	

11 	 1 	3 	1 	2 	4 

	

12 	 1 	3 	2 	4 	3 

	

13 	 1 	4 	3 	2 	4 

	

14 	 1 	4 	2 	3 	4 	1 

	

15 	 1 	3 	2 	4 	1 	3 

	

16 	 1 	4 	2 	3 	1 	4 

	

17 	 1 	4 	3. 	1 	2 	,4 

	

18 	 4 	I 	3 	4 	2 	1 	4 
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NUMBER OF ZERO SCORES 	 0 
NUMBER OF PERFECT SCORES 	 0 

NUMBER OF ITEMS SELECTED ID 	 t 	 4 	 4 	1 	
• 

	

NUMBER OF ITEMS NAMED 	•18 

• 
SUBJECTS BEL 0.4 	 1 	 0 
SUBJE C15 AlovE 	IT 	 0 
SuaJECIS Its CAL 10. 	 35 

TOTAL SUBJECTS 	 36 

RE JEC ILO I ItwS 

I 'I Em 	I lEm 	ANSWERED 
NUMBER 	BANE 	CORRECTLY 

I101 	35 	HIGH SCORE 
2 	11E4 	35 	HIGH SCORE 
3 	1903 	38 	HIGH SCORE 

18 	1118 	 0 	LOw SCORE 

SuBJEC IS DE LE TED 2; 

	

SUBJECTS kCMAIhING = 	34 

	

I IC PS VELE TED -.: 	4 

	

POSSIBLE SCORE = 	14 

° 	 MINIULM SCOPE = 

	

wxxlwis4 SCCRE = 	13 



. 	 $ 	TABLE 8 

ORIGINAL RESPONSES OF 35 PERSONS TO 18 ITEMS ON THE KNOX CUBE TEST 

ITEM /ABEL 

• PERSON 	 -  	 . 	 — 	PERSON 
LABEL 	 2 	3 	4 	s 	6 	7 	a 	0 	10 	II 	$2 	13 	14 	SE 	16 	17 	16 SCORE 

1 	 1 	1 	1 	 0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	1 
2 	 1 	1 	1 	 1 	 1 	0 	0 	0 	0 	0 	0 	0 	0 	10 
3 	 1 	I 	1 	 1 	 0 	0 	1 	0 	0 	0 	0 	0 	0 	10 
4 	 1 	0 	0 	 0 	 0 	0 	0 	0 	0 	0 	0 	0 	0 	6 
s 	 I 	I 	 s 	 0 	0 	0 	0 	0 	0 	0 	0 	10 
6 	 s 	I 	 I 	 0 	0 	0 	0 	0 	0 	0 	0 	10 
7 	 1 	1 	 1 	 1 	1 	1 	0 	1 	0 	0 	0 	14 
8 	 1 	1 	 1 	 0 	0 	0 	0 	0 	0 	0 	0 	10 
9 	 I 	1 	 1 	 0 	0 	0 	0 	0 	0 	0 	0 	10 

10 	 s 	s 	 I 	 t 	0 	0 	0 	0 	0 	0 	0 	II 
11 	 0 	1 • 	 1 	 0 	0 	0 	0 	0 	0 	0 	0 	0 	8 
12 	 1 	0 	 0 	 I 	0 	0 	0 	0 	0 	0 	0 	0 	8 
13 	 1 	0 	0 	1 	 1 	1 	1 	0 	0 	0 	0 	0 	0 	10 
14 	 1 	 1 	 1 	1, 	0 	0 	0 	0 	0 	0 	0 	11 
15 	 1 	 1 	 1 	1 	1 	1 	0 	0 	0 	0 	0 	13 
16 	 1 	 1 	 0 	1 	0 	0 	0 	0 	0 	0 	0 	10 
17 	 0 	 1 	 1 	0 	0 	0 	0 	0 	0 	0 	0 	9 
IS 	 1 	 1 	0 	0 	$ 	0 	0 	0 	0 	0 	.1 1  
19 	 1 	 0 	0 	0 	0 	0 	0 	a 	0 	0 	9 
20. 	 I 	 I 	0 	0 	1 	0 	0 	0 	0 	0 	11 
21 	 1 	 1 	1 	0 	1 	0 	0 	0 	0 	0 	12 
22 	 1 	 1 	1 	1 	0 	0 	0 	0 	0 	0 	12 
23 	 1 	 1 	0 	0 	1 	1 	0 	0 	0 	0 	12 
24 	 1 	 1 	1 	0 	1 	0 	0 	1 	1 	0 	14 
25 	 0 	 0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	5 
26 	 1 	 1 	g 	1 	1 	0 	0 	0 	0 	0 	0 	0 	0 	10 
21 	 1 	 1 	 1 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	7 
28 	 1 	 1 	 .1 	1 	1 	0 	1 	0 	0 	0 	0 	0 	0 	0 	10 
29 	 1 	 I 	 0 	0 	• I 	1 	1 	0 	0 	1 	0 	0 	0 	0 	10 
30 	 1 	 1 	 1 	I 	I 	0 	0 	0 	0 	0 	0 	0 	0 	0 	9 
31 	 I 	 1 	 1 	1 	1 	1 	0 	0 	0 	0 	0 	0 	0 	0 	10 
32 	 I 	 1 	 1 	1 	1 	1 	1 	0 	0 	0 	0 	0 	0 	0 	11 
33 	 1 	 1 	0 	0 	1 	0 	0 	$ 	0 	0 	0 	0 	0 	0 	0 	0 	6 
34 	 1 	 1 	I 	• 

1 	 1 	0 	1 	0 	1 	0 	0 	0 	0 	12 
••■•.....s 	  

35 	 1 1  0 	0 	 0 	 0 	0 	0 	0 	0 	0 	0 	o t 
 

0 	3 

ITEM Is  
SCORE 35 	35 	38 	32 	31 	30 	31 	27 	30 	24 	12 	6 	7 	3 	I' 	1 	I 	I 0 

I 

C. 

• 
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PROCEDURE IS UCCN 

DIFFICULTY SCALE FACTOR 1.31 ABILITY SCALE FACTOR- 2.10 
hUw0ER CF ITERATIONS s 	7 

SEGLENCE I ITEM I 	ITEM 	STANDARD 	LAST DIEE 	PROX 	FIRST If  NUP2ER 	NAME I DIFFICULTY 	ERROR 	CHANGE 	RIFF 	CYCLE 

4 	1G4 	•4.160 	 0.610 	-0.025 	-3.865 	-3.557 
5 	ICE 	-3.648 	 0.709 	-0.023 	-3.294 	-3.042 
0 	10t 	-3.220 	 0.647 	-0.021 	-2.876 	'".2.049 
71C7 	-3.648 	 0.709. 	! •0.023. 	-3.294 	,•36042. 
a 	Ica 	-2.241 	 0.547 	•0.015 	•2.007 	-1.803 	 1 	4 
9 	1C9 	-3.220 	 0.647 	-0.021 	•2.870 	-2.649 
O IIC 	•I.458 	 0.489 	-0.009 	•1.368 	-1.193 
1 	Ill 	0.760 	 0.4b6 	0.600 	0.547 	0.632 
2 	112 	2.135 	 0.550 	0.015 	1.707 	1.728 
3 	113 	1.861 	 0.529 	0.014 	1.518 	1.508 
4 	 114 	 3.214 	 0.705 	0.022 	2.805 	2.616 
5 	115 	4.564 	 1.070 	0.027 	4.321 	3.617 
O 116 	4.564 	 10070 	0.027 	4.321 	3.817 
7 	117 	4.504 	 1.076 	0.027 	4.321 	3.617 

ROOT MEAN SLOARE g 	0.022 

14 1TEPS CALIBRATED ON 	34 PERSONS 

	

34 HEASDRAbLE PERSONS WITH MEAN AGILITY a •0.10 AND STD. DEW. w 	1.45 
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Table 9 shows the control cards 	used for this BICAL 

analysis: 

Card 1,  the Title Card,  supplies identifying information 

about the analysis being done. This information is printed at 

the top of each page of output. 

Card 2,  the Input Description Card,  describes how the data 

is to be presented and handled. The data for ttlis example are 

described as follows: 

NITEM  is the number of items to be read. There are 

NITEM = 18 items in the Knox Cube Test, that is, each person has 

18 responses to be read, as described in Table 8. 

NGROP  governs the number of score groups that will be 

formed for analyzing item fit. For this example, NGROP = 10, 

so BICAL attempts to form.groups that average at least 10 

persons each. The program format allows for up to six group. 

However, if the total number of persons divided by six is less 

than NGROP (as in this example), fewer than six groups will be 

formed. The value of NGROP will also halt the estimation of 

parameters if, after editing, there are fewer than NGROP persons 

remaining in the entire sample. 

MINSC and MAXSC  define the range of scores to be included 
- 

in the calibration sample. For this problem, we intend that 

only persons scoring at least MINSC = 1, but not more than 

MAXSC = 17 be included. This option is useful because extremely -- 

high and extremely low scorers frequently behave abnormally on 

tests. Extreme scorers can be excluded by setting MINSC well 

above 1 and MAXSC somewhat below (NITEM-1). The particular 
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COmPLETE SCORE EoUIVALENCE TABLE 
	 • 	•------• 	• 	4..■....m...............4 	4............, 	• 	e.......................4 

	

RAW 	 LOG 	STANDARD 	 TEST CHARACTERSIC CURVE 
SCORE COLNT ABILITY ERRORS 

 	• 	• 	• 	# 	• 	, 	.........m. 	.............................4 	..........................., 

	

13 	C 	5.09 	1.14 	 • 	 . . 

	

12 	0 	4.11 	0.95 	 • 

	

11 	2 	3.31 	0.92 	 • 

	

10 	1 	2.53 	0.93 	 • 

	

9 	4 	1.71 	0.96 	 • 

	

5 	5 	0.61 	1.03 	 . 

	

7 	12 	.0.22 	1.07 	 • 

	

6 	3 	-1.10 	0.97 	 • 

	

5 	2 	...1.96 	0.86 	 • 

	

• 	2 	-2.ci 	0.81 	 • 

	

3 	2 	3.21 	0.81 	 • 

	

2 	1 	■3.86 	0.88 	 11, 

	

1 	0 	-4.73 	1.10 	 • 
	  • 	• 	• 	• 	• 	.......--........---, 	e 	...--.. 	• 	.-----... 

-6 	-6 	m4 	-3 	-2 	-I 	0 	1 	2 	3 	4 	6 	6 

PERSON SEpARABIL111( INDEX 0.68 (EQUIVALENT TO KR20) 

14 ITEMS CAL1ORATED ON 	34 PERSONS 

	

34 mEAsuRABLE PERSONS wITM mtAN ABILITY a -0.16 AND STD. DEV. a 	1015 



TABLE 9 	 • 

CONTROL CARDS FOR ANALYZING KNOX CUBE TEST DATA WITH BICAL3 

Card 	Card 	 Card 
Number 	Name 	 Format 	 Sample from Knox  Cube Test Data  

1 	Title Card 	 (20A4) 	KNOX CUBE TEST COMPUTER OUTPUT EXAMPLE FOR BICAL MANUAL - ESL 23B 

2 	Input Description (1415) 	18 	10 	1 	17 	20 	2 	0 	5 	1 	2 	10 	20 

3 	Variable Format 	(20A4) 	(20A1) 

4 	Item Names 	 (20A4) 	IT011T021T031T041T051T061T071T081T091T101T111T121T131T141T151T161T171T1 

5 	Column Select 	(80A1) 	111111111111111111 

6 	Key 	 (80A1) 	111111111111111111 -- 

7 	Options Labels 	(20A1) 	01 

(Data Cards) 

8 	End of Data 	(Al) 

9 	End of Job 	 (A4) 	**** 
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MAP OF VARIABLE 

	 ..... 
PERSON 	KAb I 	MEASURE 	ITEM I 

STAIS COUNT 	SCOREII MIOPOINT(S.E.)II
II 
 COUNTSI TYPICAL ITEMS WV NAME) 

4.60(1.141 	3 	1116 	1116 	1117 
4.70(1.141 

•350 	 12 	4.10(0.96) 
3.90(0.95) 
3.70(0.95) 
3.50(0.95) 

2 	11 	3.30(0.92) 	a 	1114 
3.1010.921 
2.90(0.921 

4250 	 2.70(0.92) 

	

10 	2.50(0.93) 
2.30(0.93) 
2.10(9.931 	1 	1112 
1.90(0.93) 	1 	1113 

4 	9 	 1.70(0.9e) 
1.50(0.90) 

• 150 	 1.30(0.94) 
1.10(0.94) 

S 	0 	0.90(1.03) 
0.70(1.03) 	1 
0.50(1.03) 
0.30(1.03) 
0.10(1.03) 

MEAN 	 -0.10(1.03) 
12 	7 	-0.30(1.071 

-0.5011.07) 
-0.70(1.07) 
-0.90(1.071 

3 	6 	•1.1G(0.97) 	 • 
-1.30(0.971 
-1.50(0.97) 	1 	1110 

-ISO 	 -1.70(0.97) 
2 	6 

- 2.1010.641 
-2.30(0.tt) 	1 	ITO8 
-2.5010.661 

2 	• 	-2.70(0.011 
-2.9u(0.1:11 

-250 	 -3.10(0.61) 
2 	 3 	-3.3610.01) 	a 	1106 	1109 

-3.5.0(0.1111 
-3.7910.81) 	2 	1106 	ITO? 

1 	2 	-3.90(0.1.0) 
-4.10(0.66) 	1 	1104 
-4.3010.661 

• 
14 ITEMS CALIfikAIED Lh 	34 PIWSONS 
34 MEASUkAbLE pLkS0NS IIIN PrAN AbI5I1V x -0.16 AND 510. OEV. 11 	1.45 
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scores to be excluded need to be thought through far each appli-

cation, however, because their choice depends on the way extreme 

scores might occur. In achievement testing with multiple choice 

items it is usually desirable to set the lower limit well above 

the guessing level, because persons who are guessing are not 

providing useful information about item difficulty. 

LREC is the number of columns to be read in the input person 

record. 	For this example, the first LREC = 20 positions 

of each person record need to be read. The Column Select Card 

which follows specifies the 18 columns that contain the 18 item 

responses. 

KCAB selects the calibration technique. The KCAB = 2 

used in this example selects the corrected unconditional method, 

UCON. The UCON method is chosen for this problem because of the 

small sample size and the bimodal distribution of the item 

difficulties. 

KSCORE specifies how the data are to be scored. 

KSCORE = 0 indicates that these data are to be scored dichoto-

mously according to the correct answers provided on the Key Card. 

INFLE specifies the logical unit number of the person 

input file. INFLE = 5 indicates that the data input is from 

Unit 5, i.e. from cards. 

LLIM indicates the start of the identification field in 

the person input record. For this example, the start of the 

ID field is column LLIM = 1. 

KLIM specifies the end of the identification field in the 

person input record. KLIM = 2 in this case, indicates that the 
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LIST CF PERSONS WITH FIT ABOVE 	2.00 

SEG PERSCN 	 wTO NNSO TOTAL 	PERSON 
NUM NAPE 	 MNSO SO FIT T ABILITY ERROR 	 RESPONSES AND STANDARDIZED RESIDUALS 

1 13 	 3.76 0.78 	2.40 	-0.22 	1.07 	110 0111110 0 0 0 0 
0 0-4-5 0 0 0 1 3 0 0 0 0 0 

Z 29 	 3.73 0.78 	2.38 	-0.22 	1.07 	1110 0 1110 010 0 0 
• 0 0 0-5-2 0 0 I 0 0 6 0 0 0 

	 ------ 

THESE 	2 PERSONS WILL BE OMITTED FROM RECALIBRATION 
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end of the ID field is in column 2. 

NUPFL specifies the logical unit number of the output person 

file. NUPFL = 10 indicates that this person output file will be 

put on Unit 10. For each valid person record this output file 

will contain the person's identification field defined by LLIM 

and KLIM, the person's raw score, ability estimate in logits, 

its standard error, the person's total t fit, mean square standard 

deviation, 	weighted mean square, obserVed response pattern and 

corresponding standardized residuals. Whenever NUPFL is not 

equal to zero appropriate JCL must be provided (see Section 8). 

CFIT controls the screening of the person file in order 

to delete misfitting persons from item calibration. CFIT is 

used as F5.1, but read as 15 so an integer value must be input. 

Thus, CFIT entered as 20 causes persons whose total t fit is 

greater than 2.0 to be deleted as misfitting. 

All remaining parameters will assume default values for 

this example. This means that no persons will be simulated and 

that no output item file will be written. 

Card 3, the Variable Format Card, provides for as many 

Al fields as are contained in the person record. For this example, 

there are 20 Al fields. The number of Al fields must be equal 

to LREC. 

Card 4, the Item Names Card, provides a four-character 

name for each item read. In this example, there are 18 such 

fields. The item names must be entered in the same order as 

the items appear in the person record. 
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AMITY SY !IT T•TEST)F0* EACH PERSON INN! at .Soss SDT 	',Tel _ 

PERSON ASLTY 

THE 2 PERSONS W11N FIT ABOVE 2.00 MILL SE OMITTED FROM RECAL1SRATION 

14 ITEPS CALIONATED ON 	34 PERSONS 
34 MLASkrRAIAt PLIV4014 r11141 MEAN ANILITY a -0.10 AND SIC. OEM. a 	1.46 
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Card 5, the Column Select Card, makes it possible to drop 

misfitting items from recalibration without changing any other 

control cards. Any character other than blank or zero indi-

cates that the column it marks contains an item included in 

the item count (which is 18 on this Input Description Card). 

Card 6, the Key Card, provides the correct answers for 

all 18 items. It is read in the same format as the Column 

Select Card. The meaning of this card for this example is that 

for all items the correct answer is 1. 

Card 7, the Options Labels Card, defines up to 20 multiple 

choice alternatives. The same 20 values will be applied to all 

items. The occurrence frequency of each of the specified values 

is accumulated for each item. For this example, the table printed 

will show the number of times persons responded either 0 or 1 

to each item. 

Interpretation of BICAL Output  
for Knox Cube Test Data  

These remarks are intended to illustrate the interpreta-

tion of BICAL output and not to provide a comprehensive analysis 

of these data. 

Page 1 of the output shown lists the control cards just 

discussed. This provides a check that the analysis performed 

is the one intended. In addition, the first person input record 

and the total number of persons suitable fon calibration are shown 

in order to verify that the data was read correctly. The number 

of persons suitable for recalibration 	excludes those persons 

with zero or perfect scores. 
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SUBJECTS BELOW 	1 	 0 
SUBJECTS AECyC 	13 	 0 
SUBJECTS It. CALIB. 	 32 

TOTAL SUBJECTS 	 32 

REJECTED HEMS 

ITEm 	ITEw 	ANSWERED 
humEER 	NA9E 	CORRECTLY 

NENE 

	

SUBJECTS GELETED = 	0 
SUBJECTS REMAINING = 	32 

	

ITE ✓ S EELETED = 	0 

	

POSSIBLE SCOgE = 	14 

SCORE = 

	

wAxlmtm SCORE a 	13 
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Page 2 gives the alternative response frequency table 

specified by the Options Labels Card. This table can accommodate 

up to 20 response values. Each item is identified on the left 

by a sequence number assigned to it by BICAL in the order in 

which test items are read, and also by its four-character item 

name, specified in the Item Names Card. An "unknown value" column records the 

count of all values encountered other than the ones specified. 

In this example, there are no unknowns for any of the 18 items 

of the Knox Cube Test. 

Page 2 enables you to examine the observed responses for 

obvious disturbances to the test plan and will often suggest 

possible exaplanations for gross misfits. The distribution of 

responses over multiple-choice distractors, for example, can 

reveal the undue influence of particular distractors. The 

effects of insufficient time show in a piling up of responses 

in the unknown column toward the end of a test. The effects of 

widespread inexperience in test taking show in a piling up of 

unknown responses in the first one or two items of a test. 

The "key" column records the value specified as correct. 

As this table shows, the Knox Cube Test was entered in scored 

form. The appropriate key, therefore, is the vector of "1"'s 

shown in the key column of the table. 

Examination of Page 2 reveals that the first three items 

are answered correctly by all 35 persons and that Item 18 is 

not answered correctly by anyone. It can also be seen that there 

is a rapid shift from a majority of correct responses to a 

majority of incorrect responses between Items 9 and 11. Looking 
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PROCEDURE IS UCCN 

DIFFICULTY SCALE FACTOR 1.37 ABILITY SCALE FACTOR 2.27 
NUMBER OF ITERATIONS = 10 

	 ........ 
SECUENEE 

I 
 ITEM I 	ITEM 	STANDARD 	LAST DIFF 	PROX 	FIRST II 

NUPBER 	NAPE I DIFFICULTY 	ERROR 	CHANGE 	DIFF 	CYCLE II 
.... ----.------... ......... . ...... ..... 

4 	104 	-4.847 	 0.852 	0.0 	-3.894 	..3.587 
5 	105 	4.244 	 0.759 	0.0 	-3.292. , -3.044 

) 6 	 106 	-4.244 	 0.759 	0.0 	-3.292 	-3.044 	 o 	r 	4 
7 	107 	-5.708 	 1.094 	0.0 	-4.888 	-4.415 
6 	108 	-2.879 	 0.654 	0.0 	-2.193 	-1.978 
9 	159 	-3.742 	 0.709 	000 	-2.850 	-2.025 
0 	110 	-1.483 	 0.570 	0.0 	-1.264 	-1.054 
1 	118 	1.511 	 0.528 	0.0 	0.896 	0.975 
2 	112 	3.012 	 0.625 	0.0 	2.127 	2.064 
3 	113 	2.349 	 0.571 	0.0 	1.560 	1.569 
4 	114 	4.435 	 0.838 	0.0 	3.526 	3.218 
5 	115 	5.260 	 1.088 	0.0 	4.521 	3.974 
6 	 116 	5.260 	 1.088 	0.0 	4.521 	3.974 
7 	117 	5.260 	 1.088 	0.0 	4.521 	3.974 

ROOT MEAN SQUARE • 	0.0 

14 ITEMS CALIBRATED ON 	32 PERSONS 

	

32 MEASLRABLE PERSONS WITH MEAN ABILITY a -0.06 AND SID. DEY. ■ 	2.02 
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back to Table 7 shows that this shift occurs when the task moves 

from a series of four taps to a series of five taps. 

Page 3  reviews the editing process. It summarizes the 

work of the editing routine, which successively removes person 

records with zero or perfect scores and items answered correctly 

by all persons or not answered correctly by any persons until 

all such persons and items are detected and set aside. This 

editing process determines the final matrix of persons-by-item 

responses that is analyzed. 

In this example, there are no persons with zero or perfect 

(18) scores initially, that is on the incoming test of 18 items. 

If there were, these persons would be excluded from all subsequent 

analyses and would not appear in this or any subsequent table. 

Since none of these persons score below 1 or above 17, there 

are 35 persons to be examined by the editing process for possible 

use in the calibration sample. 

Items 1, 2 and 3 are then removed by the editing process 

because they are answered correctly by all 35 persons. Item 18 

is also removed because no one answers it correctly. After this 

item editing Person 35 must also be removed because the only 

items they answer correctly are the three "too easy" items 

already removed in the previous item editing cycle, Items 1, 2 

and 3. After editing is completed, the remaining calibration 

sample consists of 34 persons calibrating 14 items. The minimum 

score is still 1, but the maximum score is now 13. 

Page 4  contains the difficulty estimates and the related 

standard errors of calibration for each of the 14 items calibrated. 
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COMPLETE SCORE EQUIVALENCE TABLE 
	 eeoe..e-ee-ee-e. 	• 	ee..............”.... 	• 	eeeeeeee 	s 	• 	• 

	

RAW 	 LOG 	STANDARD 	 TEST CHARACTERSTC CURVE 
SCOFF COUNT ABILITY tRRCRS 

	

 	• 	• 	• 	• 	• 	• 	•..........• 	• 	•..m........• 	• 	• 	• 

	

13 	0 	5.b1 	1.13 	 • 

	

12 	0 	4.b5 	0.94 	 • 

	

II 	2 	4.06 	0.92 	 • 

	

10 	1 	3.26 	0.95 	 • 

	

9 	• 	2.39 	1.00 	 • 

	

8 	5 	1.36 	1.13 	 • 

	

7 	10 	-0.07 	1.34 	 • 

	

6 	3 	-1.52 	1.13 	 • 

	

5 	2 	-2.52 	0.96 	 • 

	

• 	2 	-3.29 	0.bb 	 • 

	

3 	2 	-3.99 	0.87 	 • 

	

2 	I 	-4.72 	0.92 	 • 

	

1 	0 	-5.67 	1.14 	• 

	

 	• 	• 	• 	m • 	• 	•............•............• 	♦ 	•............•............•.......-..•............• 

	

-6 	-5 	-4 	-3 	-2 	..I 	0 	I 	2 	3 	4 	6 	6 

PERSON SEPARABILITY INDEX 0.76 IEQUIVALENT TO KR20) 

14 ITEMS CALIBRATED ON 	32 PERSONS 
32 MEASURAbLE PERSONS WITH MEAN ABILITY - -0.06 AND STD. DEVe ■ 2.02 
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These are the values needed for any future application of the 

items. The mean item difficulty is arbitrary and is always set 

equal to zero by the program. At the top of the page are the 

difficulty and ability expansion factors by which the initial 

log odds estimates are scaled for the normal approximation 

method, PROX. 

In addition to the difficulty estimates and their standard 

errors, the table displays: (1) the magnitude of improvement 

in the last iteration of UCON (an indication of the rate of 

convergence); (2) the difficulty estimate that is returned by 

PROX; and (3) the improvement in this estimate after one itera-

tion of UCON. These intermediate estimates are displayed to 

provide experience with how PROX compares to UCON, so that you 

can'learn when the much less expensive PROX estimates are good 

enough for your purposes. In this example, there are no signifi-

cant differences between the PROX and UCON estimates. 

Page 5 gives the conversion of person scores to estimated 

person ability measures and the standard error of measurement 

associated with each score. This table also shows the number of 

persons in the sample obtaining each of the thirteen raw scores. 

The accompanying test characteristic curve pictures the range 

of ability covered by these thirteen scores and shows the extent 

to which the relation between score and measure is nonlinear. 

,-= A "Person Separability Index" is given at the bottom of 

the page. This index is equivalent to the familiar KR20 test 

reliability coefficient. It is calculated by forming the ratio 

of the sample sum of squared measure error tothe sample sum of 
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MAP OF VARIABLE 

PERSON 	RAW 11 	MEASURE 	ITEM 
STAYS COUNT 	SCOREll MIOPOINTIS.E.)IICOUNTSI TYPICAL ITEMS IOY NAMEI 

	

5.30(1.13) 	3 	1115 	1116 	1T17 
5.10(1.13) 

12 4.90(0.94) 
4.70(0.94) 
4.50(0.94) 1 IT1• 
4.30(0.94) 

2 	11 	4.10(0.92) 
425O 	 3.90(0.92) 

3.70(0.5;2) 
3.£010.92) 

	

10 	3.30(0.95) 

	

3.10(0.95) 	I 	1112 
2.90(0.95) 
2.70(0.5) 
2.5010.95) 

• 9 	2.30(1.00) 	1 	1113 
2.10(1.00) 

91S0 1.90(1 .00 ) 
1.73( 1.00 ) 
1.50 ( 1.00) I 1T11 

5 	6 	 1.30(1.13) 

	

1.1011.13) 	 .- 
0.90(1.13) 
0.70(1.13) 
0.50(1.13) 
0.30(1.131 
0.10(1.13) 

MEAN 	10 	7 	—0.10(1.34) 
■ 0.30(1.34) 
•0.50(1.34) 
■ 4.70(1.34) 
.'•0.90(1.341 
—1.10(1.34) 
..•1.3011.34) 

3 	6 	-1.50(1.13) 	l 	1110 

—2.10(1.13) 
—2.30(1.13) 

2 	6 	2.50(0.96) 
• 2.70(0.(i6) 

1108 
■ 3.10(0.95) 

2 	• 	...3.3010.115) 
''.'3.0010.ELS1 

1109 
2 	3 

•250 ...4.10(0.b7) 
• ..4.30(0.07) 	2 	1105 	1100 

1 	2 	..4.70(0.92) 

	

...4.90(0.92) 	1 	1104 
■ 5.10(0.92 ►  
—5.3O10.921 
'..fooL0(0.92) 

	

-5.70(1.14) 	1 	1T07 

14 ITEMS CALI8kAIED ON 	32 Pfk5ONS 
32 MEASILRAPLE VERSIONS *ITN PI AN ANILITY = 	 AND SIG* 0E40 a 	2.02 
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squared measure deviations and subtracting this ratio from 

one. 

Page 6  displays a map of the KCT variable defined by 

these tapping items. This map shows the distributions of items 

and persons along the variable defined by these data. The map 

is marked out vertically by its central column labelled "measure 

midpoint." These midpoints (accompanied by their person measure-

ment standard errors) increment by 0.2 logits, so that each mid-

point covers a range of 0.2 logits. The "measure midpoints" 

simultaneously measure the persons tabulated on the left of the 

midpoint column and calibrate the items named on the right. The 

person section on the left of the map shows the ability mean and 

standard deviation of the calibrating sample and the number of 

persons obtaining each raw score. 

When applied to persons the "measure midpoints" (and their 

standard errors) refer to "person ability." Thus the mean 

ability of these 34 persons is marked in the interval between 

0.00 and -0.20 logits. Twelve persons, with raw scores of 7, 

which correspond to an ability in the interval between -0.20 and 

-0.40 (with a standard error of 1.14), stand just below this 

mean. You can see these twelve persons at their raw score of 

7 on Page 5, where their estimated ability is exactly -0.25 

logits with a standard error of 1.14. The exact sample mean 

ability is -0.18 as shown at the bottom of the map. 

When applied to the items, the "measure midpoints" repre-

sent "item difficulty." (The parenthetical standard errors, 

however, do not apply to the items. For item difficulty 
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standard errors consult Page 4 or 15.) Thus Items 15, 16 and 

17 all have difficulties between 4.60 and 4.40 logits. You 

can see on Page 4 that Items 15, 16 and 17 all have estimated 

difficulties of exactly 4.564 with standard errors of 1.076. 

Further examination of the map of this variable shows that 

Items 15, 16 and 17 are the hardest items, standing 

three standard deviations above the sample mean. No persons 

come near these items in ability, indicating that these items 

are much too hard for this sample. There also appears to be a 

bimodal distribution of item difficulties. Items 4 through 10 

are easy and Items 11 through 17 are hard. There is a gap of 

approximately 0.8 logits between Items 10 and 11. This gap 

was noted earlier in the response frequency table on Page 2 

where it appears as a rapid shift in response frequency between 

Items 10 and 11, from a majority of correct responses to a 

majority of incorrect responses. 

Page 7  lists persons whose "total t fit" falls above the 

value of CFIT specified 	 on the Input Description Card. 

These "misfitting" persons are eliminated from subsequent analyses. 

This page will not appear if no persons fall above the specified 

CFIT criterion. Also, if CFIT is specified as blank or 0, no 

persons are eliminated and this page does not appear in the 

output. 

In this person list each person is identified on the left, 

first by a sequence number assigned to them by BICAL in the 

order in which persons are found to misfit and second by a 

person ID defined by LLIM and KLIM on the Input Description Card. 
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ITEM CHARACTERISTIC CURVE 	 ' DEPARTURE FROM EXPECTED ICC 	 ITEM FIT STATISTICS 
	 - 	  

SE0 ITEN 1 1ST 	2NO 	3RD 	4TH 	5TH 	6TH 	AST 	2ND 	3RD 	4TH 	5TH 	6TH 1 • ERR 	PIT T-TESTS WTO mNSO DISC POINT 
hum NAmE GRCUP GROUP GROUP GROUP GROUP GROUP GROuP GROUP GROUP GROUP GROUP GROUP 	1MPAC DETWN TOTAL NNSO SD 	INDX 8ISER 

4 	104 	0.80 	.00 	.00 	 -0.03 0001 0.00 	 0.02 -1.34 	0.25 1.04 0.53 	.09 	0.40 
5 	TC5 	0.70 	.00 	.00 	 -0.05 0.02 0.00 	 0.10 -1.05 	0.62 1.21 0.42 	.11 ( 0.42 
6 	106 	0.70 	.00 	.00 	 -0.05 0.02 0.00 	 0.05 -1.05 	0.39 1.11 0.42 	.11 	0.47 
7 	167 	0.90 	.00 	.00 	 -0.01 0.00 0.00 	 0.0 	-1.70 -0.01 0.78 0.84 	.07 	0.41 
8 	T06 	0.40 	.00 	.00 	 -0.10 0.06 0.01 	 0.0 	-0.13 -1.85 0.44 0.36 	.19 	0.76 
9 	109 	0.60 	.00 	.00 	 -0.06 0.02 0.00 	 0.0 	-0.76 -0.74 0.71 0.38 	.13 	0.61 
0 	110 	c.30 	.70 	.00 	 0.05 -0.10 0.03 	 0.13 -0.09 	0.94 1.29 0.32 0.96 	0.57 
1 	111 	0.0 	0.20 	.67 	 -0.02 0.03 0.01 	 0.02 -1.12 	0.25 1.04 0.26 	1.06 	0.55 
2 	112 	0.0 	0.10 0.33 	 -0.00 0.06 -0.02 	 0.05 -0.44 	0.41 	1.10 0.35 0.96 	G.42 
3 	It3 	Coo 	0.0 	0.58 	 -0.01 -0.08 0.10 	 0.0 	0.10 -0.80 0.75 0.Z0 1.21 	0.59 
4 	114 	0.0 	0.0 	0.17 	 -0.00 -0.01 0.02 	 0.19 -1.32 	0.67 	1.43 0.55 1.09 	0.24 
5 	115 	0.0 	0.0 	0.08 	 -0.00 -0.00 0.01 	 0.0 	-1.68 	0.08 0.84 0.85 1.07 	0.33 
6 	116 	0.0 	0.0 	0.08 	 -0.00 -0.00 0.01 	 0.0 	-1...,8 	0.08 0.64 0.85 1.07 	0.33 
7 	117 	0.0 	0.0 	0.08 	 -0.00 -0.00 0.01 	 0.0 	-1.68 	0.08 0.64 0.65 1.07 	0.33 

SCORE gxNGE 	1- 6 7- 7 8-13 	 'ERROR IMPACI = PRopORTIoN EGRoR INCREASE 

	

MEAN 48111111 -2.89 -0.07 2.31 	 PLUS=100 mANY RIGHT 	 DuE 70 THIS mISFIT 
mlNuSATOO mANY WRONG 

mEAN 1-1551 -0.2 	0.1 	0.2 

	

SD(1-TESTI 	0.3 	0.5 	0.2 
GkOUP COUNi 	10 	10 	12 

14 ITEm5 CALIBRATED ON 	32 PERSONS 
32 mEAWRAELE PERSONS WITH MEAN ABILITY m •0.06 AND SID. DEW. m 	2.02 
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The program format allows up to 20 characters of ID to be printed 

for each person. If KLIM-LLIM+1 is greater than 20, then the 

first 20 characters are printed as person identification. 

Next, weighted mean squares, their accompanying standard 

errors and a "total t fit" are listed for each misfitting person. 

Then, the misfitting person's ability and its standard error are 

given. Finally, each persons's individual item responses and 

the corresponding standardized residuals are shown. 

The standardized residuals are truncated and signed for 

easy reading. Valuesoutside +9 are printed as +9. A large 

negative residual indicates that a person missed an item you 

could expect them to answer correctly and a large positive 

residual indicates that the person correctly answered an item 

you could expect them to fail. The larger the residual the more 

unexpected the response. In particular, the odds against any 

observed response are given by the square of the residual listed 

beneath it. 

The response pattern expected for each person is a string 

of l's on easy items followed by a string of 0's on hard items, 

with a few adjacent and alternating l's and 0's on items near 

the person's ability. In this example, two persons were 

eliminated. Person 13 passed Items 4 and 5, missed Items 6 and 

7, passed Items 8 through 12, and then failed the remaining items. 

Person 29 passed Items 4, 5 and 6, missed Items 7 and 8, passed 

Items 9, 10 and 11, failed Items 12 and 13, and then passed Item 

14 before missing the remaining items. The locations of their 

surprising responses, three unexpected failures each, are marked 
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SERIAL ORDER 	 DIFFICULTY ORDER 	 FIT ORDER 

	

SEG ITEM 	ITEM 	STD 	DISC 	FIT j SEG ITEM 	ITEM 	DISC 	FIT 	SE0 ITEM 	ITEM ERR 	FIT T-TESTS WTD MNSO DISC POINT 

	

NUN NAME 	DIFF ERROR 	INOX 	TTEST I NUM NAME 	DIFF 	INOX 	TTEST 	NUM NAME 	DIFF IMPAC BETUN TOTAL MNSO SD 	INOX RISER 

	

4 104 -4.85 	0.85 	.09 	0.25 	7 107 -5.71 	.07 -0.01 	8 T08 -2.88 0.0 	-0.13 -1.85 0.44 0.36 1.19 0.76 

	

5 105 -4.24 	0.76 	.11 	0.62 	4 104 -4.85 	.09 	0.25 	13 T13 	2.35 0.0 	0.10 -0.80 0.75 0.30 1.21 0.59 

	

6 106 -4.24 	0.76 	.11 	0.39 	4 106 -4.24 	.11 	0.39 	9 109 -3.74 0.0 	-0.76 -0.74 0.71 0.38 1.13 0.61 
7 	107 -5.71 	I i3O9 	.07 -0.01 	5 	105 4  -4.24 	.11 	0.62 	7 	107 -5.71 0.0 	4.1.70 -0.01 0.78 0.84 	1.07f 0.41 

	

8 108 -2.88 	0.65 	.19 -1.85 	9 	109 -3.74 	.13 -0.74 	16 116 	5.28 0.0 	..1.68 	0.08 0.84 0.e5 1.07 0.33 

	

9 109 -3.74 	0.71 	.13 -0.74 	8 	108 -2.88 	.19 -1.85 	17 117 	5.28 0.0 	-1.6S 	0.08 0.84 0.E5 1.07 0.33 

	

0 TIC -1.48 	0.57 	0.96 	0.94 	0 	110 -1.48 	0.96 	0.94 	15 115 	5.28 0.0 	-1.68 	0.08 0.84 0.85 1.07 0.33 
1 	III 	1.41 	0.53 	1.06 	0.25 	1 	111 	1.51 	1.06 	0.25 	4 	704 ..4.45 0.02 -1.34 	0.25 	.04 0.53 	1.09 0.40 
2 	112 	3.01 	0.62 	0.96 	0.41 	3 	113 	2.35 	1.21 	-0.80 	11 	111 	1.51 0.02 -1.12 	0.25 	.04 0.26 	1.06 0.55 
3 	113 	2.35 	0.57 	1.21 	-0.80 	2 	112 	3.01 	0.96 	0.41 	6 106 -4.24 0.05 -1.05 	0.39 	.11 0.42 	1.11 	0.47 
4 	114 	4.44 	0.84 	1.09 	0.87 	4 	114 	4.44 	1.09 	0.87 	12 	112 	3.01 0.05 -0.44 	0.41 	.10 0.35 0.96 0.42 
5 	115 	5.28 	1.09 	1.07 	0.08 	5 	115 	5.28 	1.07 	0.08 	b 105 -4.24 0.10 -1.05 	0.62 	.21 0.42 1.11 0.42 
6 	116 	5.28 	1.09 	1.07 	0.08 	6 	116 	5.28 	1.07 	0.08 	14 	114 	4.44 0.19 -1.32 	0.87 	.43 0.55 1.09 0.24 
7 	117 	5.28 	1.09 	1.07 	0.08 	7 	117 	5.28 	1.07 	0.08 	10 110 4-1.48 0.13 -0.09 	0.94 	.29 0.32 0.96 0.57 
	 ------ 	-.4. 	- - 	 .. 

	

PEAR -0.00 	 1.09 	0.04 	 -1.00 	0.04 0.96 0.52 

	

S.D. 	4.18 	 0.07 	0.74 	 0.64 	0.74 0.26 0.23 

	

14 ITEMS CALIBRATED ON 	32 PERSONS 

	

32 MEAS4kA4LE PERSONS WITH MEAN ABILITY al -0.06 AND STD. DEW. w 	2.02 
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by the large negative residuals in the output. For example, the 

odds against Person 13 failing Item 7 are 36 to 1. This is the 

main cause of this person's misfit. 

Page 8 is a plot of "total t fit" against ability for 

each person. The mean and standard deviation of "total t fit" 

over all calibrated persons is given at the top of the page. 

Examination of the plot above the chosen CFIT line of 2.00 shows 

the two persons who misfit at this cut-off level. These are 

the persons listed in the Table on Page 7, and are the persons 

deleted from the subsequent item calibration. 

Page 9 shows the editing process with the two misfitting 

persons deleted. There are now 32 persons in the calibration 

sample. No more items are deleted and the minimum and maximum 

scores remain at 1 and 13, respectively. 

Pages 10, 11 and 12 are the same as Pages 4, 5 and 6, 

but the calibration is now done using the 32 "fitting" persons 

rather than all 34. You can see that the item difficulties 

change very little. The major difference is that Item 7 has now 

become the easiest item. Looking back to the table of misfitting 

persons on Page 7, you can see that the largest residuals, and 

hence the biggest cause of misfit, occurred on Item 7 for both 

persons. This was because these persons missed Item 7 when 

according to their estimated abilities they could be expected 

to answer it. As a result, the original calibration slightly 

over-estimated the difficulty of Item 7. 

Page 13 is the new plot of person ability by "total t fit." 

Now there are no persons above the CFIT line of 2.00. If there 
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were any new misfitting persons, they would be listed on a page 

preceding this one in the same format as Page 7, but this second 

group of misfitting persons would not be deleted from the item 

calibration, because elimination of misfitting persons is done 

only once. 

Page 14 provides Item Characteristic Curves and a variety 

of item fit statistics. The tests of fit inc/ude a division of 

the calibration sample into ability groups by score level. 

Three groups were made from the Knox Cube Test sample, the ten 

persons with scores from 1 to 6, the ten persons who scored 7, 

and the twelve persons with scores from 8 to 13. An evaluation 

of item difficulty invariance over these ability groups is made 

by comparing, for each item, its difficulty estimates over the 

different score groups. Unlike estimates of item difficulty, 

which are sample-free when the data fit the model, tests of fit 

are necessarily sample-dependent. Even though items that fit 

for one sample are usually found to fit for others, successful 

item fit in one sample does not guarantee fit in anothes. Both 

item and person fit should be checked routinely in every application. 

Interpretation of these fit statistics requires both 

familiarity with their statistical distributions and detailed 

knowledge of the particular items and persons that generated the 

fit statistics in any particular situation. Since the ability 

groups within a given sample are arranged by scores, information 

about the stability of item difficulties over ability is explicit. 

The BICAL output shows exactly the extent to which the items in 

question are displaying invariance over these particular ability 

groups. 
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The left-hand Item Characteristic Curve panel provides 

the proportion of correct answers to each item given by each 

ability group. The score range, mean ability and count of 

persons for each group are given at the bottom of this panel. 

The proportion correct is expected to increase from left to 

right, that is, from less able to more able score groups, and 

you can see the extent to which this is the case. 

The middle panel of Page 14 shows the proportional 

departures of the observed Item Characteristic Curves (as shown 

in the first panel) from the expected ICC's predicted by the 

Rasch model. Here, you can see where the largest proportional 

departures occur and in which direction they go. In this 

example, Item 10 seems to be somewhat out of line with the other 

items. There seem to be too many right answers in the lowest 

ability group and too many wrong answers in the middle ability 

group. 

The third or right-hand panel on Page 14 gives item fit 

statistics. The "error impact" is an estimate of the proportional 

error increase which could be due to the misfit of the item. 

It is based on the weighted mean square. The weighted mean 

square increases in magnitude away from a reference value of 

1.0 as the observed ICC departs from the expected ICC, that is, 

when too many high-ability persons fail an easy item, or when 

too many low-ability persons succeed on a difficult one. Thus, 

when the weighted mean square is 1.0 or less, error impact is 

0.0, but when the weighted mean square is above 1.0, error 

impact increases in proportion to the difference between the 
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square root of the weighted mean square and one. You can see 

that Items 10 and 14 have the most misfit according to their 

error impact. 

The "between group t" evaluates the agreement between the 

observed Item Characteristic Curve and the best fitting Rasch 

model curve, as estimated by the ability groups. The "total t 

fit" evaluates the general agreement between the variable defined 

by the item in question and the variable defined by all other 

items over the whole sample. The asymptotic reference values 

for these t-statistics are a mean of 0 and a standard deviation 

of 1. Experience with them, however, suggests that when items 

fit observed means can be as low as -0.5 and observed standard 

deviations as low as 0.6. 

Since these fit statistics are weighted by the information 

on each item, their standard deviations vary from item to item. 

These standard deviations are given in the fifth column of this 

panel. 

The "discrimination index" shown in the next to last column 

on Page 14 describes the linear trend of residual departures 

from model expectation across ability groups, expressed around 

a model value of 1. When the discrimination index is near 1, 

the observed and expected ICC's are close together. When the 

index is substantially less than 1, the observed ICC is flatter 

than expected, meaning that the item in question is failing to 

differentiate among these abilities as well as other items do. 

This condition goes with a low point biserial correlation between 

item response and total test score. 
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When the discrimination index is substantially greater 

than 1, then the observed ICC is steeper than the average best 

fitting logistic curve for all items. This gives the item the 

appearance of differentiating abilities more effectively than 

the average items in the test. But the substantive cause of 

this seeming advantage must be tracked down before it can be 

accepted as desirable. Most of the time a discrimination index 

greater than 1 turns out to be the symptom of a specific inter-

action between an idiosyncrasy of the item and a secondary 

characteristic of some but not all of the persons in the sample. 

No item in this example shows a significant misfit. 

Item 14 shows a low point biserial and its weighted mean square 

is 	high, but its other fit statistics are not out of line. 

Like Items 15, 16 and 17, Item 14's low point biserial is due 

primarily to its relative difficulty for these persons. 

Page 15 summarizes the item calibration information in 

three useful arrangements. The first panel lists the items in 

serial order, giving their name, their difficulty and its 

standard error, their discrimination index, and their total 

t fit. The second panel lists the same items again but now in 

difficulty order. The third panel lists them in fit order and 

adds the rest of the fit statistics from Page 14. This final 

arrangement by fit order is very useful for identifying mis-

fitting items. 

The test mean and standard deviation of item difficulty, 

discrimination and fit statistics are given at the bottom of 

the table. In particular we expect the total t fit to have a 
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mean near 0 and a standard deviation near 1. You can see that in 

this example the mean of 0.22 is slightly high and the standard 

deviation of 0.77 is rather low. These items are not quite as 

spread out in misfit as expected. 

Pages 16, 17, 18, 19 and 20 are two-way plots of the four 

main statistics given for each item on Page 15; difficulty, between 

fit t, total fit t and discrimination. There is no new information 

in these plots, but examining them is a convenient way to detect 

interesting patterns in the relationships among the various item 

statistics. 



VIII. BICAL CONTROL CARDS  

A 

Card 	 Card 
Position 	 Name 	 Format and Description  

• 1 	 Title Card 	 (20A4) 

Descriptive heading to be printed 

at the top of each page of output._ 

• 2 	 Input Description Card 	(1415) 

C C 	Label 	 Definition  

	

* 1 - 5 	NITEM 	 Total number of items to be read 

before deletions. This is equal 

to the number of non-zero entries ' 

on the Column Select Card and 

the number of item names expected. , 
1_1 

	

6 - 10 	NGROP 	 1) Used to terminate execution 

when editing reduces the sampIL. 

size below NGROP, and 

2) Used to determine the number 

of score groups used for item 

fit analysis. BICAL tries to 

allocate (sample size)/6 persoa-g 

to each of 6 score groups. If 

(sample size)/6 is less than 

NGROP, then BICAL forms less 

than 6 score groups. 

The default value for NGROP is 25, 

It is unwise to set NGROP less 

than 10. 
. 

* required 

87. 
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11 - 15 	MINSC 	 The minimum score to be included 

in the calibration sample. Any 

persons scoring below MINSC are 

eliminated from calibration. 

MINSC must be at least 1, but 

not more than MAXSC-l. The de- 

fault value for MINSC is 0.4*NITEM. 

	

16 - 20 	MAXSC 	 The maximum score to be included 

in the calibration sample. Any 

persons scoring above MAXSC are 

eliminated from calibration. 
s, 

MAXSC must be at least MINSC+1, 

but not more than NITEM-1. The 

default value for MAXSC is 
;TttkAi 	 ;1. 

(0.9)*NITEM. 
- 	 ' 

	

* 21 - 25 	LREC 	 Number of columns in the input  
rf 

person record to be scanned. 
.7, 4z 

LREC must be large enough to cover 

all columns containing items and 

also to skip any extra cards in 

the person record. 

	

* 26 - 30 	KCAB 	 Calibration code: 

1 ■ Normal approximation 

method, PROX. Can be 

used with long tests and 

symmetrical distributions. 

b,2 •, Corrected unconditional 

maximum likelihood esti-

mation, UCON. Should be 

used with short tests 

and skewed distributions. 

* required 
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31 - 35 	KSCORE 	Scoring code: 

b,0 = Score dichotomously 

according to the Key Card. 

1 = DO NOT USE. 

2 = Score dichotomously, 

correct if X-S Key. 

3 = Score dichotomously, 

correct if X a Key. 

	

36 - 40 	INFLE 	 Logical unit number of input 

person file. 

b,0 = Unit 5 (cards). 

	

41 - 45 	LLIM 	 Start of person identification 

field in person input record. 

The default value for LLIM is 1. 

	

46 - 50 	KLIM 	 End of person identification 

field in person input record. 

The default value for KLIM is 20. 

If KLIM - LLIM + 1 exceeds 20, 

then only the first 20 characters 

are used to identify.the person. 

	

51 - 55 	NUPFL 	 Logical unit number of output 

person file. 

b,0 = No file is output. 

For each valid person record this output 

file contains: 

1 - 20: The person's identification defined 

by LLIM and KLIM. 

21 - 25: Their raw score. 

* required 
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26 - 33: Their ability in logits. 

34 - 41: The standard error of ability. 

42 - 49: Total t fit. 

50 - 54: Mean square standard deviation 

55 - 62: Weighted mean square. 

63 - end: Their response pattern and then their 

standardized response residuals (12 

format). 

If NUPFL 4 b,0 then, appropriate JCL must 

be provided. The following JCL is appro-

priate for the UC IBM 370: 

//FTuuF001 DD DSN=$acct. sub. filename,UNIT=SYSDA, 

// DISP=(NEW,CATLG),DCB=(RECFM=FB,LRECL=xxx, 

// BLKSIZE=yyyy) ,SPACE=(TRK, (5 ,1) ) 

where: 	uu = NUPFL 

xxx = 64 + (4*NITEM) 	minimum=80 

yyyy = some multiple of xxx 

56 - 60 	CFIT 	 Controls the screening of the 

person file before recalibration. 

CFIT is read in 15 format, but 

the program changes the input 

value to F5.I by dividing CFIT 

by 10. 

Example: CFIT = 20 is used 

as CFIT = 2.0. 

b,0 = No persons will be deleted 

for misfit. 

GT 0 = Persons whose total t fit 

is greater than CFIT/10 

will be deleted for misfit. 

* required 
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61 - 65 	KSIM 	 If KSIM greater than 0 print 

simulated persons. 

Only use when BICAL simulates 

persons instead of reading data. 

	

66 - 70 	PRIT 	 Controls output of the item 

statistic file. FRIT is read 

in 15 format, but the program 

changes the input value to F5.2 

by dividing PRIT by 100. 

Example: FRIT = 200 is used 

as PRIT = 2.00. 

b,0 = No item file created. 

GT 0 = An item file is created 

containing items whose 

total t fit is less 

than PRIT/100. 

The contents of the file for each item are: 

1 - 4: Local sequence number assigned 

by BICAL. 

6 - 9: Item name from Item Names Card. 

15 - 21: Item difficulty in logits. 

22 - 28: Standard error of calibration. 

29 - 32: Total t fit. 

36 - 42: Between score groups t fit. 

43 - 49: Discrimination index. 

This file is always put on Unit 3. 

If PR1T 	b,0 then, appropriate JCL must be 

provided. The following JCL is appropriate 

for the UC IBM 370: 

If the file is to be punched on cards: 

//FTO3F001 DD SYSOUT=B 

If the file is to be saved on disk: 

//FTO3F001 DD DSN=$acct.sub.filename,UNIT=SYSD 

// DISP...(NEW,CATLG),DCB(RECFMFB,LRECL80, 

//BLKSIZE=.4560),SPACE...(TRK,(5,1)) 
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Card 	 Card 
Position 	 Name 	 Format and Description  

• 3 	Variable Format Card 	Format card that provides as many 

AI fields as contained in the 

person record. The number of 

Al fields must be equal to LREC. 

Example: (80A1) 

Only one format card is allowed. 

• 4 	 Item Names Card(s) 	(20A4) 

1/ j  "'?""/ 	 Provides a four-character alpha- 

numeric name for each of the 

NITEM items. These names must 

be entered in the order in which 

the items appear in the person 

record. 

• 5 	 Column Select Card(s) 	(80A1) 

Indicates how the data is to 

be used. It must be a record 
Ana,  

identical in size and format to 

a person record. 

b,0 	Skip this column. 

1 s Include the item in this 

column. An item name field 

must be provided for this 

item. 

& ■ Delete the item in this 

column. This code differs 

from b,0 in that it indi-

cates the presence of an 

item which is included in 

the total number of items, 

NITEM, and also has an item 

name field provided for it 

on the Item Names Card(s). 
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The reason for this code 

is to make it easy to de-

lete misfitting items on 

successive runs of the 

data, without changing 

NITEM and the Item Names 

Card(s). 

• 6 	 Scoring Key Card(s) 	(80A1) 

A record identical in size aad 

format to each person reccrd. 

This card corresponds to a per-

fect person record. 

• 7 	 Options Labels Card 	(20A1) 

Identifies up to 20 multiple 

choice alternatives for each 

item. 

Example: ABCDE 

The number of times each option 

is chosen will be counted for 

each item. 

8 	 Data Cards 	 The input person file is placed 

here if the file is on cards. 

9 	 End of Data Card(s) 	* in column 1. 

As many of these cards as there 

are cards in a person record 

must be provided. 

Only used if input is from cards. 

10 	 Simulation Header Card 	SIMULATE in columns 1-8. 

Causes the program to simulate 

persons rather than read data. 

If included it must be followed 

by Card 11. 

* required 
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11 	 Simulation Task 
Description Card 	(F5.0,15,2F5.0,I10) 

C C 	Label 	 Definition  

* 1 - 5 	WIDTH 	 Range of difficulties to be 

generated. 

* 6 - 10 	ISUBJ 	 Number of persons to be generated. 

* 11 - 15 	GMEAN 	 Mean ability of population 

sampled. 

* 16 - 20 	SD 	 Standard deviation of ability. 

	

21 - 30 	ISED 	 Seed for random number generator. 

Should only be coded for first 

generation in each run. 

	

* 12 	 End of Job Card 	 **** in columns 1-4. 

Program will keep recycling 

looking for new problems until 

this card is encountered. As many 

jobs as desired may be stacked 

by. repeating Cards 1 - 11. 

* required 
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University of Chicago JCL: 

//valid UC job cardf RE=129K 

// EXEC PGM=BICAL7 

//STEPLIB DD -DSN=$2DD130. SO5 .PRODUCT9DISP=SHR 

//PTO1F001 DD UNIT=SYSCR,DISP=NEW,SPACE=(TRK,(5,1)) 

//FTO2F001 DD Unit=SYSCR,DISP=NEW,SPACE=(TRK,(5,1)) 

//FTO3F001 DD appropriate JCL as discussed under PRIT 

//FTxxF001 DD alternative input file description 

//FTuuF001 DD alternative output  file description as 

discussed under NUPFL 

//FTO6F001 DD SYSOUT=A,DCB=(RECFM=FA,BLKSIZE=133) 

//FTOSF001 DD * 

The FTOSF001 card is followed by the BICAL control cards° 

Cards FTO3F001, FTxxF001, and FTuuF001 are not always 

required: 

Include FTO3F001 if you want an item file output. 

Appropriate JCL is discussedunderPRIT. 

Include FTxxF001 if the input person records are 

not on cards. The xx should be replaced by 

the value of INFLE coded on the Input 

Description Card (CC 36 - 40). 

Include FTuuF001 if a new person file is to bemmputo 

The uu should be replaced by the value of 

NUPFL coded on the Input Description Card 

(CC 51 - SS). 
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