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PREFACE

This report was prepared as part of Rand's 0SD Manpower, Personﬁel,
and Training Program, sponsored by the Human Resources Research Offiée
of the Defense Advanced Research Projects Agency (ARPA). With manpo%er
considerations assuming an ever—increasing importance for the Depart%
ment of Defense, the purpose of this research program is to bring ne&
methodologies to bear on present and future military manpower probleﬁs.

The report describes a prototype computer program based on "admis-
sible probability measurement''--a testing procedure which allows a user
to express his uncertainty, in terms of probabilities, about the cor-
rectness of his answers to multiple-choice questions. A logarithmic
scoring system encourages the user to "reproduce" or "reveal" his per-
sonal, subjective probability of correctness for each of the choices.
The>on—line, graphlcal nature of the computer program provides an ex—
cellent enviromment for allowing the user to interact with such a
scoring system.

Admissible probability measurement must be considered carefully
in terms of the environment in which it is administered and its possible
effects upon users. These issues, among others, are discussed in a
companion report, R-1371-ARPA, A Rationale and Some Implications of
Computer-Administered Admissible Probability Measurement by Emir
Shuford, Jr. and Thomas A. Brown (forthcoming).

This report should be useful to administrators concerned with
advanced testing methods, to instructors of courses involving the
estimation of probabilitles, and to computer programmers who wish to
implement a version of computef—administered admissible probability

measurement.
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SUMMARY,

This report describes an experimental computer implementation of
admissible probability measurement techniques. These measurement tech-
niques rely on a scoring system that encourages the user to "reproduée"
or "'reveal" his own estimate of the probability of correctness of an:

. answer to a multiple-choice question.

A "track record" (in the form of an external validity graph) of
the user's probability estimating performance provides the means for
estimating how much information he has and how realistically that level
of knowledge is assessed.

The computer system allows the user to explore the relationships
between his assignment of probability of correctness to answers and the
possible score outcome. In addition, the computer analyzes the ex-
ternal validity graph generated during test administration to provide
feedback about his present state of knowledge and how realistically that
knowledge is applied. The ease of use of the computer system and the
speed of analysis permit cycling through tests quickly, thus removing
a major barrier from the task of learning to make better assessments of

the user's knowledge.
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' PURPOSE OF THE_ REPORT

It is the purpose of this repoxrt to document a collection of com-

puter procedures for administering admissible probability measurement

(APM) techniques. The report is divided into the following parts:

e An introduction to the motivations and mathematical
foundations behind APM.

e A description of the environment (both hardware and
software) in which the computer procedures were de-
veloped, and a description of thé—operation of the
computer procedures.

° A short discussion of planned modifications and ex-
tensions of the present system.

e A brief introduction tc the PLATO IV system at the
University of Illinois. (A version of APM is planned
for the PLATO IV system.)

° Two appendices containing detailed descriptions of
support software as well as listings of the computer

procedures.

This report is sufficiently complete to allow an interested in-
vestigator to develop his own operating version of computer-administered

APM.

MOTIVATIONS AND FOUNDATIONS

t

The prime motivation for APM is simple and straightforward: We
‘need to measure more accurately the "state of knowledge" of students
‘dn a large variety of subject areas. An improved measuring technique

‘would be of considerable value not only in testing a student but also

a,2) (2)

iin evaluating and planning curricula. As indicated by Gardner,

iplanning is especially critical for: those courses of instruction that|
€ |
i

\are individually tailored to the student.
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A second but still important motivation is that the estimation’

of'probabilitiesvis a critical skill in some endeavoxrs,; such as weath?r

iprediction and intelligence analysis. APM is especially applicable ih

ithe training of students to use effectively all of their facts and
freasons in the estimation of probabilities. ’

A corollary of the need to train specialists in probability estif
imation is the idea that, in.fact, we are all engaged in probability :
‘estimation. That is, there is a need for us all to convey accurately
and effectively our opinions on the possibilities of various outcomes.

If that 1s the case, we must learn to speak the language of probabilities
precisely and with a common understanding.

So what is admissible probability measurement and how is it applied?
APM will be discussed in terms of one specific application even though
it has greater generality than may be apparent from this discussion.

Consider the multiple-choice test item below.

QUESTION: The 11th president of the United States was:

1. George Washington
2. James Polk

3. Franklin Pierce

We are generally required to respond to such a question with what

amounts to a probability distribution, as illustrated below.

QUESTION: The 11tk president of the United States was:

0] 1. George Washington
1 2. James Polk
0 3. Franklin Pierce
Probability
Distribution

However, a more general tendency would be to respond with the proba-

bility distribution shown here.
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[ QUESTION: The 11th president of the United States was: 5
0 ‘1.  George Washington g
:
1/2 2. James Polk ;
1/2 3. TFranklin Pierce
Revised
Probability
Distribution

In fact, if confronted with the following question, a response
might very well be, "I can't distingulsh among the alternatives." That
is, "as far as I can tell from my facts and reasons, each alternative

is equally likely."

QUESTION: The 11th president of the United States was:

1/3 1. John Tyler
1/3 2. James Polk
1/3 3. Franklin Pierce

It is evident that requiring responses of 0 or 1 can mask a large

variety of states of knowledge and can introduce guessing on the part

‘of the student.

» However, if greater freedom of response is allowed, there remains
-the problem of how to score such a response. That is precisely the
function of the "admissible," or "proper,” or '"reproducing" scoring

3)

>system. Such a scoring system encourages the strategy of respond-
ing with exactly what is perceived to be the probability distribution,

based on the user's own facts and reasons.

'ADMISSIBLE SCORING SYSTEMS

The admissible scoring system can be explained in terms of a

‘gambling example (a more complete discussion can be found in Ref. 3).
‘For the sake of simplicity, suppose that a student were faced with a
itrue-false question. In that situation he may be viewed as a gambler
!

|faced with determining the probability that the correct response is

|"true." Suppose also that there were a gambling house in which there



were ¢ (u)du wagers available at odds (L - u)/u (the 'correc6 odds" foF
1an event of probability u). If the student wished to maximize his’ :
}expected return and believed that the probability of the event taklng‘
place were p, he would take all wagers at odds better than (1 - p)/p.
[Simllarly, he would take all wagers on the event not taking place at
‘odds better than those appropriate for probability 1 -~ p.

. The mathematics of admissible scoring systems are illustrated
‘below. Equation (1) corresponds to our true—or—false discussion.
‘Equation (2) extends those notions to an n-alternative multiple-choice
iquestion. Equation (3) adjusts the equations to give a score of zero’
Efor the "unable to distinguish" response of p; = %-for i = 1,n. What
‘these integrals represent is the net settlement made between the
gambling house and the student, after the correct alternative has been
revealed. It is the sum of settlements on an infinite number of in~

finitesimal wagers, each of which appeared to the student to be favor-

able to him.

True or false
P
payoff (if "true" occurs) = f ¢(u)
0

P
L du —f ¢ (u)du L
0

Multiple choice (n alternatives)

pi n Py
payoff d J
if ith event occurs) = / i%)—}l - E / ¢ (u)du 2)
0 :

Adjusted multiple choice

Py

payoff i
(if ith event occurs) = / M - $(u)du (3)
1/n j=1 1/n

[=]
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Equations (4) and (5) below illustrate theAlogarithmic admissible

scorlng system which has the property of dependlng only -on the proba-|

bility ascribed to each alternative 1ndependent of the probabilities |

ascribed to the remaining alternatives.

The logarithmic scoring system ¢(u) = 1

D. p.
payoff + du b 3
(if ith event occurs) - du
1/n

j=1 1/n
n
= log(p,) - 108(%{) - Z (pj - %)
j=1
n
= 1og(npi) (assuming Z Pj = 1) &)
j=1

An adjusted system for three alternatives and a score range of

about 100 points:
= 50 1og(3pi) 0.01 < Py < 0.98 (5)

Equation (5) illustrates the particular version of the logarithmic
system we use in APM. To avoid infinitely large penalties, no proba-
bility less than 0.0l may be assigned.

The gambling illustration shows that it is in the student's best
interest to gauge his probabilities accurately and thus to make no un=-
necessary bets. That is, the scoring system does encourage him to
reproduce his own probabilities accurately.

However, how does the student learn to '"play the game" and improve
the way he brings his facts and reasons to bear on the determination of
the probability he ascribes to each alternative? As Gardner points
out, "It seems likely that the more expdéure the students have to [pr%ba-

bility] tests, the more realistically they will evaluate test items and
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‘their own knowledge, thus providing a more valid indication as to their
| n(2) ‘

jactual level of achievement. We:believe the answer to the questibn

ilies in the computer system that will be described next.

THE ROLE OF THE COMPUTER
As can be seen in the figures that follow, the computer-based sys-

tem we have developed requires a computer terminal with graphics capar-
;bilities and some means of allowing the student to interact with it in
elapsed times of at most a few seconds. The system was developed on ?
‘highly interactive console connected to a powerful IBM 360/65 computer.
| Figure 1 illustrates the display the student sees while answering
a question. He assigns a probability to each alternative by choosing

a point in the interior or on the boundary of the equilateral triangle.
In such a triangle, the sum of the distances of the point from each
gide of the triangle is a constant and can be scaled to 1. Thus each
point determines a probability distribution for the three alternatives.
The probabilities are therefore naturally constrained to sum to 1. The
logarithmic scores corresponding to each alternative éppear as both
numeric scores and columns of dots. The labels A, B, and C create the
correspondences between the alternatives, the triangle vertices, and
the scores. The student may choose different points within the triangle
-until he is satisfied with his score distribution. He may then select
the QUESTION ANSWER option and the terminal displays his cumulative
score as illustrated by Fig. 2.

The cumulative score is presented in the form of the maximum (or
minimum) score attainable, question by question (Fig. 2). A probability
of 0.98 assigned to a correct answer would result in a gain of 24 points,
and 0.98 assigned to an incorrect alternative would result in a loss of
76 points. Thus, the student has question-by-question feedback about
the relationship of his probability assignments to his score and may
adjust his actions accordingly. That is, he may develop a "feel"” for
the scoring system. Under usual test administration procedures, the
delay from testing to reporting the scores is so long that it prevents

éthe development of a "feel" for the scoring system. Moreover, the i
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of the computer-based system gives the student a maximum amount of
experience with the'scoring*syStem andritsvimmédiatéHCOnsequences. '

Even though the student may.learn to express his own probabilities
accurately, the question remains as to how those probabilities relate
to reality. That question can be answered in part by his external

validity graph.cs)

THE EXTERNAI VALIDITY GRAPH

The external wvalidity graph can be used to determine how accurately

ithe student assesses the predictive wvalidity of his facts and reasons.
%It can be thought of as his "track record" as an assessor. We may
.collect all those events that he claims have a probability of, say,
0.80 of occurring and determine what percentage of them did in fact
:occur. If he were a perfect assessor, we would expect roughly 80 per-
icent of them to occur. Figure 3 illustrates such a graph when the
‘number of observations is unlimited. The diagonal AB represents a
perfect assessor. If we collect, say for 20 questions, all the proba-
-bilities used by a student and compute .the relative frequency with
‘which each particular probability is associated with a correct alter-
;native, we may construct an external validity graph for that student
‘taking that test. We then assume that the relationship between student
‘response and relative frequency can be approximated satisfactorily by
a straight line simple linear regression.
: We call the resulting line the student's realism line. The lines
'A'B' and A"B" in Fig. 3 illustrate possible results. The line A'B'
has the following interpretation: About 60 percent of the events that
.were given a probability of 1.0 of occurring did in fact occur. We
éinterpret this to mean that the student tends to overvalue his facts
fand reasons. Similarly, iInterpretation of the line A"B" shows that
fthe events that were given a probability of 0.60 (or greater) of occur-
ring did in fact occur 100 percent of the time. In other words, the
gstudent tends to undervalue his facts and reasons. We may further
iinterpret the realism line in the following way: "When he responded x
he should have responded with Ax + B," where Ax + B is the equation o%
!

_hlg#ggg}i§g_};ne,»“ﬂgwmgy then transform the student's»pgopabilitiesj
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using his realism line, and recalculate his score on the basis of the
new probabllity assignments. This revised score can then be used to
‘decompose his original score into the portion attributable to bias in
‘'his assignment of probabilities and the portion attributable to lack
of information about the subject matter itself. The lower section of
Flg. 4 1llustrates such a score decomposition.

: The scores are actually reported as the difference between the
}student s scores and the maximum attainable for a test with a spec1fied
!1ength The overall gain is tﬁat<maximum less the original score. TPe

gain ‘attainable from more information 4s that™ max1mum less the rev1sed
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score. The gain from more "realistic" use of probabilities is simply!

the revised score less the original score.

 INFORMATTON THEORETTC MEASURES
| The upper portion of Fig. 4 brings us to another interesting as-

pect of the logarithmic scoring system. We call the square in the

" ne

upper part of Fig. 4 the student's information square. The term
|formation" arises from a very interesting relation between the log-

arithmic scoring system and the concept of "entropy" in information

‘theory. That relation is developed befowi

Equation (6) below is the expected score for a given question in

our three alternative systems.

3
Expected score = E pi(SO log 3 pi)
=1
3
=50} log 3 - (- z p; log p,) (6)
i=1

:Equation (7) is called, in information theory, the "entropy' of the
‘partition P It represents the expected amount of information which
will be conveyed by the event itself; or, in other words, the expected

surprise in finding which alternative is correct.

3

Entropy = - E p; log p; a
i=1

"Equation (8) is the expected score normalized to the range 0 to 1.

3 :
50| log 3 - (- E :pi Log p;) i.

| _ i=1
Relative information = 50 Tog 3 (8?

e e - PR e e e e s e om0
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Equation (8) can be interpreted as follows: If there is no surprise

content in the event (e.g., Py = 1, Py =0, Py = 0) #hen there isj?er’
fect information (Eq. (8) = 1); if there is maximum surprise content

in the event (i.e., Py =Py = P3 = 1/3) then'there is no information
'(Eq. (8) = 0). The upper part of Fig. 4 plots on the PERCEIVED axis |
gthe points corresponding to the relative information computed from the
student's original probability distributions. The relative informa~
‘tion derived from the probabilities as transformed by the realism line
(the regression line in the external wvalidity graph) is plotted on the
fREVISED axié and the two points are connected by a line. This infor-

mation square has an interesting interpretation in terms of a proverb

as depicted 1n Fig. 5.

Wise
s
0@
O
— Q
g 2
2 o
Y O
< ©
o
AN
<%
Child

He who knows, and knows that he knows,
He is wise, follow him.
He who knows, and knows not that he knows,
He is asleep, awaken him.
He who knows not, and knows not that he knows not,
He is a fool, shun him.
He who knows not, and knows that he knows not,
He is a child, teach him.

! Fig. 5 — A proverb
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IT. COMPUTER SYSTEM DESCRIPTION

§ The current version of the computer-administered probability mea-
isurement program runs on The Rand Corporation's IBM 360 Model 65 com—
%puter, which is coupled to user consoles (see Fig. 6) via the Rand Video

(4)

:Graphic System. Each videographic console consists of a studio-
,monitor-quality, black-and-white television set, a keyboard, and a hand-
held 1light pen. The videographic light pen is unique in the sense that
it counts television scan lines and light positions within those scan
lines to report x,y positions within the display. This x,y position

is transmitted from the comnscle to the IBM 360/65 via the videographic
system and is there compared to known positions or figures on the dis-
play. Pictures are constructed within the TBM 360/65 and transmitted

to the consoles again via the videographic system. TFigures 7a and 7b

provide a system diagram for Rand's Video Graphic System.

SUPPORT SOFTWARE
The IBM 360/65 operates under IBM's operating system with the MVT

(multi-tasking with a variable number of tasks) option. The operating
system software has been extended by Rand to include the video operat-

(5)

ing system which éccommodates the message traffic between the 360/65
and the videographic terminals.

The probability measurement program is written in FORTRAN IV. The
.communication between the program and the videographic system is handled
by a FORTRAN-callable graphics package called VPACK,(6)

.especially for the Rand Video Graphic System. (Appendix A extracts the

which was created

ffeatures of VPACK used by the measurement program.)

The present version of the measurement program does not allow for
multiple consoles. It is submitted as a standard computer job which
‘occupies an operating system partition for as long as testing continués.
-A multiple-console version would require additional hardware {(more light
ipené) and extensive software development (a timesharing subsystem in
IBM's 0S/360).

3
R
WL

<

s
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Fig. 6 — Video Graphic console
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| SPECIFIC SOFTWARE _ . :
;

The basic organization of the measurement program is illustrated%

i

lin the state diagram in Fig. 8. The names within parentheses (for ex—

i

jample, "SELECT") are the names of the subroutines called by the main
program. (A complete listing of the main program and each of its sub-
éroutines is contained in Appendix B.) Each of the main subroutines
?manages a particular display associated with it. We will discuss the
‘operation of the testing program in terms of each of these main sub-
programs. Each subroutine has the same logical structure; that is,
;each constructs a display, then waits for an action by the user with
‘the light pen. The routine then compares the location of the light
pen with various figures drawn in the display and either modifiles the

display to reflect the most recent action or returns control to the

Select
test

( SELECT)

Test
administration

(TESTER)

Realism Text
diaaram ):- feedback
9 fe (PRINT)

(PLOT)

Fig. 8 — State diagram
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‘|main program, which then transfers to another state. In genéral, thei . .

-
juser changes from one state to another by selecting a boxed area on the
‘face of the display with his light pen. These areas are referred to éS"
élight buttons.

The main program serves the following functions:

. It collects the list of test names that are contained
in the system files.

° Tt connects the program with the terminal.

° It asks the subject to submit his name.

e It switches among the main subroutines,

° It disconnects the program from the terminal when

testing is complete.

After the subject has typed his name to identify himself to the
system (responding to the display "PLEASE TYPE YOUR NAME:'"), control
is passed immediately to the test selection subroutine.

The test selection subroutine presents the user with the display
illustrated in Fig. 9. The two boxes in the lower right—~hand corner
of Fig. 9 illustrate the light buttons mentioned above. If the user
points to the word "QUIT," the test selection subroutine will return
to the main routine with the indication that the main routine is to
vacate the operating system partition and the computer. If the user
selects the "TEST" light button, the program will transfer control to
the test administration subroutine if a test has already been selected.
If no test has been selected, the system will simply remain in the same
state. By pointing at a box immediately to the left of the name of a
test (illustrated on the left half of Fig. 9), the user indicates that
fhe would like to take that particular test. The system then recovers’
;that test information from the computer file and transfers control to
Ethe test administration subroutine. When a new test is selected, all"
of the information normally collected by the test administration and
Hata—processing routines is reinitialized so that no information is i
kept between test administrations. o o %
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AVAILABLE TESTS

DIGEST 1
DIGEST @2
DIGEST 3
DIGEST 4
DIGEST 5
DIGEST 6
DIGEST 7
DIGEST 8
DIGEST 8
DIGEST 10
HUMANITIES A
HUMANITIES B
HUMANITIES C
HUMANITIES D
HUMANITIES E
HUMANITIES F
HUMANITIES G

NATURAL SCIENCES A
NATURAL SCIENCES B
NATURAL SCIENCES C
NATURAL SCIENCES D

SOCIAL
SOCIAL
SOCIAL
SOCIAL
SOCIAL
SOCIAL
SOCIAL

PLEASE

SCIENCES
SCIENCES
SCIENCES
SCIENCES
SCIENCES
SCIENCES
SCIENCES

GMMOOOD>

SELECT A TEST.

Fig. 9 — Test selection display

QuiT

TEST




(=20= -

f Figure -10 illustrates one of'the two displays presented by the

itest administration subroutine. The test used in the figures is a

[

Evocabulary test. The word to be defined in question 1 is "AUSTERITY.
'The three allowed synonyms are "A: EXTREME SUFFERING,'" "B: POVERTY, "'
%and "C: SEVERE SIMPLICITY." ¥For any gilven question, the console user
may select a point within the triangle labeled A, B, C to indicate the
E‘probabilities he associates with each of the answers labeled A, B, C,

in the upper right-hand corner of Fig. 10. The triangle A, B, C is an
equilateral triangle and for any interior point, the sum of the dis-
‘tances from that point to each of the sides is a constant and can be
.scaled to 1. In this way, the position of any point in the interior

of the triangle can be considered to Ee a selection of three probabil-
ities, each the probability of correctness assoclated with each of the
answers A, B, C. When the user selects a point within the triangle,

a small "x" appears at that point (see Fig. 10), and the logarithmic
scoring system is evaluated, using the three probabilities. The upper
left~hand corner display in Fig. 10 indlcates what scores would apply

to each of the answers A, B, C, for the particular response represented
by the x. The score is presented in two ways: one, by the numeric rep-
resentation of the score; the other by the pictorial representation. The
user is free to reselect points within the triangle until he is satis-
fied that the scores displayed in the upper left-hand corner represent
;his best bet for each of the possible responses.

Figure 11 illustrates the choice of option C with full certainty.
jFigure 12 illustrates the situation in which a student has no reason
ito choose one alternative over any other. The scores would vary
analogously for apex A or for apex B. When he is satisfied with his
selection, he may do one of several things as represented by the light
:buttons in the lower right-hand corner of Fig. 10: (1) He may ask for
the next question; (2) he may ask for the previous question; (3) he may
.ask for the answer to his question; or (4) he may return to the test
selection procedure, ‘

, Whenever he selects option (3), he will be presented with Fig. l?,
;which illustrates the results up to the seventh question. The box in!

.the upper_left-hand corner around the score for response A indicates |
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1. AUSTERITY

A: EXTREME SUFFERING

AR A B: POVERTY

AREEN !

C: SEVERE SIMPLICITY

TEST
SELECT

QUESTION|
ANSKHER

PREVIOUS
QUESTION

EIE

¢ Jauestion

Fig. 10 — A selected point and associated scores

NEXT I_
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1. AUSTERITY

A: EXTREME SUFFERING

! A B: POVERTY

I

&

C: SEVERE SIMPLICITY

TEST
SELECT

QUESTION
ANSWER

c - QUESTIONI

Fig. 11 — Choice of alternative "C"

)
3



~23<

1. AUSTERITY

A: EXTREME SUFFERING

A B: POVERTY

C: SEVERE SIMPLICITY

PREVIOUS
QUESTION

NEXT

¢ |auesTioN

Fig. 12 — No preference for any alternative
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7. COVEY
A B c
. A: FLOCK
B: BLANKET
C: ESCORT
19 -28 e
¢ N =D GEm AR s e cmme  —— — D D ——mm— e — :"1
| - a
! oM POINLS — = ’YO’UR‘ '
Eﬂﬁﬁ-A‘h=="‘-"'*' POINTS |
| IN?E | TEST
: L?Pﬁ\ | SELECT
I Oln?g\ ‘
~ [ QUESTI0N]

| ~ ANSWER
| N o '

~ |
| ~
I N o |
| ~ |

~

| ~ |
| ~ ~ |

Fig. 13 — Cumulative score after seventh question
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which of the three answers was correct and the numbers below 1ndlcate£
how many points were gained or lost as a result of the user's ass1gn—
ment of probabilities. The triangle has been replaced by a rectangle
.which contains a plot of the cumulative score the user has attained aé
he has gone from question to question. The line sloped to the upper
‘right is the line he would follow 1if he had assigned a probability of
El to each of the correct answers. The line sloping down to.the right
is the line he would follow if he had assigned the minimum probability
-0.01 to the correct answer for each question. Once the user has asked
fto see the answer to a question, he may no longer change the proba-
‘bilities he has assoclated with the answers. That is, if he returns
to the probability assignment display, he may no longer select a new
point in the triangle. TIf he attempts to, the system will respond with
a message that indicates that he already knows the answer to that
question. ‘
If the user selects option (1) (the NEXT QUESTION), he is pre~
sented with that question and its associated responses. TIf the user
selects option (4) (TEST SELECT), he returns to the test selection pro-
gram with Fig. 13 displayed. He may select a new test, thereby de~
stroying the information he has collected to this point. Or he may
simply return to the present test with no information lost. If the
.~user has left some questions unanswered by the time he reaches the end
of the test, the system returns to the unanswered questions in turn
‘until each question has been answered. When the final question has
‘been answered, "TEST SELECT" changes its name to "SCORE PAGE" (see

Fig. 1). Filgure 2 illustrates the answer display when all questions
have been answered. 1In this particular case, the vertical line with
"END" above it coincides with the right boundary of the plot. 1If there
‘were fewer than twenty questions in the test, the vertical line would:
sappear in the interior of the plot. If the user now selects "SCORE
‘PAGE," the system then transfers control to the score interpretation -
:page. :
| The score interpretation subroutine computes the variance of the:
distribution of the probabilities and the realism parameters, that 1s'

i
i

'the slope and _intercept of the realism line. It then computes the _ .
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r i
’perceived and actual information measures and constructs the upper ha%

}of the display illustrated in Fig. 4, Actual knowledge “is plotted fr?m
%0 to 1 on the left vertical edge and perceived knowledge is plotted fiom
0 to 1 on the right vertical edge of the square. The line joining these
%two points helps the user visualize the relationship between his actuél
knowledge and what he has perceived his knowledge to be. If the vari-
gance of the probabilities is less than 0.01, the system assumes that it
has too little information to estimate reliably the realism line and
indicates to the user that the test was too difficult for him. TIf this
is not the case, the system then computes a bias measure which is simply
the difference between the perceived information measure and the actual
information measure. It then constructs a verbal response which re-
flects this bias. Figure 14 indicates decision points for the selec-
tion of the various messages. The system then computes the original
score and the improved score, restates them in light of the number of
points to be gained rather than the actual number of points attained,
presents them as part of messages indicating what could be gained (1) by
improvement in realism, (2) by galning more information, and then pre-
sents (3) the total combined.

After observing the display, the user may (1) return to the testing
procedure, (2) return to the test selection procedure, (3) request a
vprinted sumnary of his test results (see Fig. 15), or (4) request the
realism plot.

Both the printed summary and the realism plot are primarily of use
to the investigator rather than to the student. The summary contains
additional information. We estimate the percentage of correct answers
a student would have obtained under the classical testing method. For
each question, if the maximum assigned probability corresponds to the
;correct answer, we count that answer as correct. If the student assigns
‘a maximum probability to several responses, including the correct one,
:we cannot treat the situation directly, so we treat it probabilistically
‘and assign a value of %-to this question, where E is the number of times
ithe maximum probability is used in that question. The average value of
ithese assigmments over all questions represents an estimate of what t%e

‘student would have obtained had he been restricted to discrete choices.
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= "Overvalue"

"The way you placed your bets on this test
shows you are very accurate in assessing
the validity of your facts and reasons "

¢

= "Undervalue"

— 1.0

'v = "Much less"

— 0.7

T @ = Null

i © = "Less"

— 0.4

B @ = "Somewhat"
| © - et

— 0.1

- O "

— -0.1

i @ = "Somewhat"
N @ = "More "

— -0.4

- @ = Null

i © = "More "

— -0.7

@ = "Much more "

1.0

Fig.14 — Bias decision points

H @ = "Considerably"

Bet @ heavily on the answers you

feel are correct"

F‘ = "Considerable "

You tend to @ your knowledge “
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TEST:DIGEST 1 SUBJECT:W.L.SIBLEY

DATE:03/09/73 TIME:13.49.39

SCORE: 219 REVISED SCORE: 256 STEREOTYPE SCORE: 308

INFORMATION: 0.37 REVISED INFORMATION: 0.51

REALISM SLOPE: 1.23 REALISM INTERCEPT: =-0.08

BASE SLOPE: 0.85 BASE INTERCEPT: 0.05

BIAS:-0,15 PROB. VARIANCE: 0.09

PROBABILITIES SCORES

A ] C A B c
0.16 0.15 0.69%« -16.20 -17.27 16.05«%
0.13 0.72%x 0,15 -19.65 16,82+~ -17.53
0,77*= 0.11 0.12 18.23 %% -23.42 =-21.93
0.15 0.14 0,71 %% -17.07 -18.61 16.52%
0.15 0.68** 0.17 -17.07 15.69%« -14.83
0.73 0.12 0.15%=* 17.07 -21.68 =17.01 %>
0.80*> 0,09 0.11 19,25« -28.90 ~-24.16
0.70%*+ 0,13 0.17 16.22%» -19.78 ~14.75
0.16 0.15 0.69%* -15.99 -16.81 15,90 %>
0.71** 0.14 0.15 16.56%> -18.52 ~17.32
0.16 0,67*% 0,17 =15.57 15,17 % -14.16
0.0 0.0 *+ 1,00 =-76.00 =76,00% 24,00
0.15 0.70*» 0,16 =17.74 16,14 -16.13
0.75*+ 0,12 0.13 17.79%» =22.71 -19.92
0.09 0.11 0.80%x -27.36 -24,39 19.11x=
1,00%+ 0,0 0.0 24,00%>* -76.00 -76.00
0.13 0.13 0,7h%x -19.90 -19.90 17,352%%
0.13 0,71+« 0,15 -19.90 16.68%* ~16.65
0.77*+ 0,11 0.12 18,56%» -23.87 -22.35
0.14 0,72%+ 0,15 -18.92 16.75%x -17.87

Fig. 15 — Printed test summary



Thls proportion of correct answers can. be considered a base value &
and a base line drawm through ‘the points (1/3, 1/3) and (1,3). . We

also develop a STEREOTYPE score by using the probability 2 if the cor-

rect ‘answer were assigned the maximum probability, (1-2)/2 otherwise.
Finally, we compute a BIAS indicator which is simplyﬁtﬁe perceived in}
formation less the revised information. The asterisks indicate the
‘correct answer in the columns under "PROBABILITIES' and "SCORES."

The realism plot subroutine constructs a display of the external
:validity graph with the associated plotted lines (Fig. 16). The wverti-
cal lines in the display are a histogram of the frequency of use of
.each of the probabilities along the bottom of the diagram. The class
interval for this histogram is 0.1. The x's distributed throughout
the display are the relative frequencies with which elements in those
class intervals were associated with the correct answer. The solid
line going from the lower left to the upper right-hand corner of the
display is the ideal realism line. The solid line at an angle to the
ideal line is the fitted realism line and the dashed line is the base
line. From this point the user may return to the score page or the
test procedure.

Since this version of the measurement program is primarily an ex~
ploratory one, the software was designed to make that exploration as
easy as possible. The wvarious functions of test selection, test admin-
istration, and ﬁhe two feedback processes are all isolated to allow
changes to be made in each without affecting the others. The logic
in each one of the major subroutines is as simple as possible to allow

ease of change.
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Digest 1 03/09/73 13.49.14 W.L. Sibley
Score = 219 ;<score= L 308
1.0 X X
.9 X
-8 Realism line 4
, A
7 Base line
.6 7
7
.5 z 7 X
A 4
]
V7
.2 7
X /4
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0 1 l 1 ’ 1 L 1 ! 1 l ]

Fig. 16 — External validity graph (realism plot )
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TIT. PLANNED MODIFICATIONS AND EXTENSTONS

ey

‘PHILOSOPHY OF USE
: The general philosophy of the present form of the testing program

;is that everything should be as simple and as easy to use as possible%
%The user should not be concerned about the fact that he is using the
Ecomputer and that fact should not overawe him. Aside from considera—
;tions of the responsiveness and stability of the system, a major con-
‘cern is with the ability of the student to grasp the relation betweenj
his score and his actions with the triangle. He must be allowed a
maximum amount of flexibility and the system should not encourage him
to fall into the use of stereotyped responses. In addition, the system
should be as nearly self-teaching as possible, That is, the actions
to be taken should be as self-evident as they can be made. The extent
to which the latter sgituation can be attained is now under investiga-
tion by observing, questioning, and recording the responses of users

of the test procedure.

POSSIBLE MODIFICATTONS

Since textual messages are difficult to construct and are some-

times misleading (e.g., the bias and bet messages), it seems best to
present the information to the student in some nonverbal form. One
possible approach to such a presehtation would be to eliminate a good
part of the display on the score page and to allow the student to re-
cycle through the test, having the system present in the triangle both
his original response and the response computed by the system on the
basls of the realism line (Fig. 16). This graphical display would

11lustrate to the student how he should modify his behavior to maximi?e

1

‘his score with his present level of knowledge. The appropriate kind f

and amount of feedback and advice to be provided the student will be

‘the major focus of our research in the immediate future. i
The present system has no provision for permanently collecting

{data in machine readable form on the student's responses.  As we gain

‘experience with the data represented by Fig. 17, we will design and _|
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20. PERSPICACITY

A: SUSPICION

A B: ACUTE MENTAL VISION

C: PERSISTENCE

SCORE
PAGE

QUESTIO
ANSHER

NEXT
c QUESTION

Fig. 17 — Adjusted response
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i |
"iinplement a scheme for managing the collection of data over many stu-i

{dents and many tests and for performing appropriate statistical analyses
! ' )
jof the results. In fact, an important goal of our work is to provide
‘the ultimate user of admissible probability measurement with a com-

plete set of tools for data collection, analysis, and interpretation.
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IV. PLATO IV

l
!
|
i

The PLATO IV system is designed to be an economically viable larée-
) |

scale, computer~based education system. The computer-based Education

Research Laboratory at the University of Tllinols has developed versibns
of the system from a single terminal connected to a 1954 vintage compﬁter

to a collection of 20 graphic—pictorial terminals connected to a more!

powerful computer. Over the period of development the laboratory has

‘gathered data on more than 70,000 student contact hours. The present

version (PLATO IV) is designed to bring the terminal/computer costs to
within the 25¢ to 30¢ range per student contact hour.
A PLATO IV terminal is an interactive computer graphics terminal

(8)

with the following features:

1. An 8% inch square plasma display panel that is readable in a
brightly lighted room without eyestrain.

2. Permanent storage of information on the display screen with-
out flicker. Absolutely no refreshing of the display panel
by the computer is required. Selective WRITE and ERASE capa-
bility exists for all dots, lines, and characters.
Self-contained character and line generators.

4, A character writing speed of 180 characters per second and
the capability of displaying 2048 characters on the screen.

5. A line drawing speed in excess of 600 inches per second.

A character repertoire of 252 characters, 126 of which are
alterable through the computer program,

7. The ability to transmit and receive data on voice trade tele-
phone circuits. i

8. A random-access slide projector for rear projection of. static
information on the display screen. _

9. Additional input-output channels for the control of auxiliary
equipment. |

10. An optional random-access audio respomse unit.
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11. A pointing matrix for the surface of the display. An inter—!
1

ruption of light beams from two edges of the display to the

opposite edges determines a point in the matrix. That point
is reported to the computer and correlated with the contents.
of the display. The matrix has 16 divisions in each dimension
of an 8% X 8% inch area.
f PLATO IV is designed to support remote classrooms consisting of
;up to 32 terminals. The data rate to each terminal varies from 2% to
:80 10-bit characters a second, depending on the activity of the 32
‘terminals.
The PLATO IV hardware and software are designed specifically to
deal simultaneously with large numbers of students, each following his
own course of study. A course author (in our case, a test author) writes
his course material in the TUTOR 1anguage.(9) TUTOR allows the author
to structure hils material easily to accommodate a wide variety of stu-
dent responses. In addition, the language includes facilities for data
collection and computation as well as access to files of course materials.
The capabilities of the PLATO IV system and the availability of
terminals in the military services provide a vehicle for extensive test-—
ing of the admissible probability measurement concept in the military
environment. Our intent is to develop a PLATO IV version of admissible
probabillity measurement, including appropriate data collection, analysis,
and interpretation as a package for the military services. We hope to
.encourage and assist the services to incorporate computer-based admis-

sible probability measurement in their education and training programs.
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Appendix A

" SUPPORT -SOFTWARE

'VPACK ROUTINES
The VPACK display routines operate on a buffer provided by the

‘calling program. The programmer specifies the address and size of the
buffer during initialization. Thereafter, VPACK retains this informa-
tion so that the programmer no longer need be concerned with it. VPACK
also maintains information about the amount of buffer space currently
being used (the current length) and the position into which the display
commands are being stored (the current position). These data are auto-
matically updated by the several routines as appropriate. (See Fig.
18.) The current length of a buffer may exceed the maximum length
allowed by the Video Graphic System (VGS) for a single picture segment.
In this event, VPACK automatically segments the picture at appropriate
points and passes the multiple segments to VGS.

More detailed descriptions of the subroutines follow, in alpha-

betical order.

VCHAR: Adds a character string to the buffer.

CALL VCHAR (IX, IY, ST, N)

VCHAR adds N characters from the string ST to the buffer, begin-
ning at the current position. IX and IY specify the center of the first
character position. The intensity of the string 1s set to normal. The

current position and current length are updated.

VCOPY: Produces hardcopy of the current picture.

CALL VCOPY (L)

VCOPY effectively produces hardcopy (both paper and 35mm film) of

ithe current picture. More specifically, it reformats the buffer into
; }
'a meta language, which it writes on a disc data set named S5C4060ZZ.

R
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VINIT
J
CP, CL
VCHAR, VLINES, VJLINE K]
VPOSIT (K1) m\\\\\\ ]
Ccp, CL
VCHAR, VLINES, VJLINE K1
NN |
K1 cep, CL
VTRUNC (K1}
vz |
CpP, CL
K2
IVCHAR, VLINES, VJLINE
VROSIT(K2) O NN ]
CP, CL. .
VCHAR, VLINES, VJLINE K2
VPOST(KS) 07 \\\\\\\4 Il
cp, CL
VORG (K2) ¢K2 K3
g, I
cpP CL
VCHAR K2 K3
AN Y ]
Ccp CL
VORG (K3) K3
v i, |
1CP, CL
| IUnused buffer CP - Current position on screen

V] Old buffer info CL - Current length

NN New buffer info
SOURCE: Ref.5.

Fig. 18 — Use of current position and current length
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This data set is subsequently transferred to magnetic tape and pro-
cessed off-line. ' :

Parameter L specifies the action to be taken by the microfilm

processor after drawing the image. 1Its values are:

Produce 11l X 14 copy and advance the frame
Produce 11 X 14 copy but do not advance the frame
Produce 8 X 11 copy and advance the frame

Produce 8 X 11 copy but do not advance the frame

R S =

Close the output file

In normal operation, the frame 1s advanced after each frame is drawn.
If the frame is not advanced, the next picture that is copied will be

superimposed onto the current picture.

VINIT: Initializes the display, tablet, and keyboard.

CALL VINIT (NAME,BUFF,N)

VINIT connects the program to the VGS and activates the tablet and
keyboard. NAME is a string of exactly eight characters which the user
will type to connect his terminal to the program (CREATE <+ NAME). If
the name consists of fewer than eight characters, it must be padded
with trailing blanks. BUFF is the buffer, which VINIT initializes with
a RESET command. N 1s the maximum length of BUFF in bytes. The current
position and current length are initialized.

An appropriate value for N can be estimated by considering the

longest buffer that will be created, using the following guide:

e Fach call to VCHAR requires n + 6 bytes, where n is the
length of the character string.

e Each call to VLINES requires 10 n + 1 bytes, where n is
the number of discrete line segments.

e Each call to VJLINE requirés 5 n + 6 bytes, where n is

the number of joined line segments.
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. Each call to VNULL requires n bytes, where n is the
number of null codes to be added.
e Each call to VSIZE, VLTYPE, or VDIM requires 1 byte.

e All other calls require no space.

VIJLINE: Adds joined line segments to the buffer.

CALL VJLINE (N,IX,IY)

VJILINE adds N joined line segments to the buffer, beginning at the
current position. The lines are set to normal intensity. The current
position and current length are updated.

The Ith line extends from the point IX(1), IY(l) to the point
IX(1+1), IY(1+1). Arrays IX and IY must therefore contain at least
N + 1 entries.  All coordinates after the first are entered in the
buffer relative to the first; this enables the program to move the

entire set of lines by a single call to VMOVE,

VLINES: Adds discrete line segments to the buffer.

CALL VLINES (N,IXF,IYF,IXT,IYT)

VLINES adds N discrete line segments to the buffer, beginning at
the current position. The line segments are set to normal intensity.
The current position and current length are updated.

The Ith line extends from IXF(T), IYF(I) to IXT(I), IYT(I). All
coordinates after the first are entered in the buffer relative to the
first; this enables the program to move the entire set of lines by a

single call to VMOVE.

VLTYPE: Adds a line-type code to the buffer.

CALL VLTYPE (L)

VLIYPE adds a line-type code to the buffer at the current posi-
‘tion. The current position and currvent length are updated. The line~
type code is a model relative to the buffer; that is, once the line-

type has been specified, it applies to all lines appearing in the buffer
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?fied, solid lines are used. The values of L are:

1. Solid lines
2. Dashed lines
3. End points only

VORG: Resets the current buffer position.

CALL VORG (J)

VORG sets the current position to the value of J. The current
length is unchanged. The value of J must not exceed the current length.
This routine allows the programmer to reconstruct part of the display
by replacing a sequence of buffer orders with another sequence of the
same length. To guarantee that identical lengths are used, it is good
practicé to replace character strings only with other character strings,
sequences of joined lines with other sequences of joined lines, etec.,
and to ensure that the number of characters or lines is the same as

the number being replaced.

VLPEN: Communicates with the light pen.

CALL VLPEN (TACT,ISIZE,ITIME,IDATA,IEXIT)

VLPEN i1s an adaptation of a routine which communicates with the
Rand Tablet and is used for handprinted symbol recognition studies.
The parameters of interest for the light pen are IDATA and IEXIT.
IDATA is a two-entry integer array which contains the (x,y) location
of a light pen strike. TIEXIT is an integer which indicates the reason
for the return from the routine. VLPEN normally waits for a light pen

interrupt before returning control to the calling routine.

VPOSIT: Retrieves the current buffer position.

CALL VPOSIT (J)
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VPOSIT returns the current position in location J. The current;
i .

?position and current length are unchanged.

VSEND: Sends a picture to the screen.

CALL VSEND

VSEND sends an updated picture to the screen. Because all of the
other pilcture manipulation routines merely alter the buffer, this

routine must be called to make their effects visible to the user. The

‘current position and current length are unchanged.

VITRUNC: Truncates the buffer.
CALL VTRUNC (J)
VTRUNC sets the current length to the value of J. If the current

position exceeds the current length. This routine effectively deletes

all display code appearing in the buffer beyond the specified point.

FORTRAN CONVERSION ROQUTINES

FORMAT: Converts a number to a character string.

CALL FORMAT (TFMT,IW,ID,VALUE,CHARS)

FORMAT converts a number, either real or integer, to a character
string in I, F, or E format. IFMI specifies the type of conversion to
be performed: (1) to convert an integer to I format; (2) to convert
a real number to F format; or (3) to convert a real number to E format.
IW is the field width of the converted number. ID specifies the number
of decimal places; ID = 0 if IFMI = 1. VALUE contains the number to
convert; it may be either real or integer, depending on the value of
IFMI', CHARS will contain the resulting character string; it must be

.an array large enough to hold at least IW characters.

i e
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CONVRT: Converts a character string to a number.

CALL CONVRT (IFMT,IW,STRING,OUT)

CONVRT converts IW characters of the character string STRING to
a number, either real or integer. IFMT specifies the conversion:
(1) to convert to an integer; (2) to convert to a real; or (3) to con-
vert to a real if a decimal point or the letter E appears in the string,
but to an Integer otherwise. On exit, OUT contains the converted value,

either real or integer.
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PROGRAM LISTING

MAIN PROGRAM

wdkNd ARRAYS -2 %X
DIMENSION M1(7)
DIMENSION QUEST(16,4,40)
DIMENSION CHOICE(S8,3,3,40), ANSW(#O)
DIMENSION RESPON(3, 40) LOCKED(#O)
DIMENSION TEST(S),SUBJCT(16)
DIMENSION IDATA(2)
DIMENSION BUFF(1200),MARK(20),BLANKS(16)
DIMENSION FILES(5,50)
wik% TYPE DECLARATIONS #wx=
INTEGER M1,QUEST,ANSW,CHOICE, TEST,SUBJCT,FILES
INTEGER SAVE,SCORE,LOCKED
et DATA Fesraeer
DATA M1/ PLEAY, SE T7, YPE 7, “YOUR’,’ NAM®, ’E 7 ‘]
DATA BLANKS/16%" “/
DATA MDIM/40/
wk ek denwhnwwiewwyr FORMAT STATEMENTS wasswsatawdadadtirddsdaid iy
100 FORMAT(I4)
200 FORMAT(16A4)
Wrardrdrar Yoot e READ NAMES OF AVAILABLE TESTS LR R R R R R R PR R R R B ]
READ (9,100) NFILES
DO 300 I=1,NFILES
300 READ (9,200) (FILES(K,I),K=1,5)
REWIND 9
E R R R BBV R R RUR I RUE ] INITIALIZE A N N T N T T AN N N TN NN AT X RN ey
INDEX=0
DRV L Bul. PVE R T CONNECT TO THE TERMINAL 2 e R R R A R R R R AR E R R A X
CALL VLINIT( TEST “,BUFF,4700)
CALL VPOSIT( MARK(1))
CALL VEDSET(0,0,2,0)
¥xkd GET THE SUBJCT’S NAME #wx
CALL VORG{MARK(1))
CALL VCHAR(0,500,M1,28)
CALL VPOSIT(ITERM)
CALL VTRUNC(ITERM)
CALL VSEND
CALL VEDIT(0,450,64,BLANKS,SUBJCT,ITERM)
NXLARTTAXR SELECT THE TEST PR M E R 3 e R R R b R R
400 CALL SELECT(MDIM, INDEX,MARK,NFILES,FILES,QUEST,CHOICE,ANSW,
X RESPON, LOCKED, BLANKS TEST N, NEXT)
. GO TO (400,500,600,700, 800), NEXT
FNX VTN ARLINA DO THE TESTING b2 R AR EVR R R R R VR R R S £ 3 R
500 CALL TESTER(MDIM,MARK,QUEST,CHOICE,ANSW,RESPON,LOCKED,
X INDEX,N,BLANKS,NEXT)
GO TO (400,500,600,700,800), NEXT




45

ek kA NA AL PRINT THE RESULTS #uwdtrmwasyadadadiasy

600 CALL PRINT(MDIM,INDEX,N,RESPON,ANSW,MARK,BLANKS, TEST,SUBJCT,
X GEOM, PVAR, SCORE, SREAL , TREAL, SBASE , TBASE , NEXT)
GO TO (400,500, 600,700,800), NEXT

dve e Sesh sty PLOT THE RESULTS 2 22202 R-R-2-2-2-2-2-R-2-R-1-2 B R E-2- %27

700 CALL PLOT(MDIM,MARK,SCORE,GEOM,TEST,SUBJCT,SREAL,TREAL,
X SBASE , TBASE , N, RESPON, ANSW, NEXT)
GO TO (400,500,600,700,800), NEXT

wrkab ek N Ao QUIT QUIT QUIT deale P % o 2 Yo W P Sy o e Yra b o o e vl Wb Wy

800 CALL VTRUNC(MARK(1))
CALL VSEND
CALL EXIT

T T R e S N N R R R AN T NN AN A AW RN R AT AR LT ARG S

END
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- TEST SELECTION SUBROUTINE

SUBROUTINE SELECT(/MDIM/./INDEX/,/MARK/,/NFILES/,/FILES/,

X /QUEST/,/CHOICE/,/ANSW/,/RESPON/,

X /LOCKED/,/BLANKS/,/TEST/,/N/,/NEXT/)
DIMENSION MARK(I),FILES(S,MDIM),QUEST(I6,4,MDIM)
DIMENSION CHOICE(8,3,3,MDIM) '

DIMENSION ANSW(]),BLANKS(I),TEST(I),RESPON(B,MDIM),LDCKED(I)
fkzhvussursass DIMENSION STATEMENTS POROY S RORUPURIR RO R R R SR R R R AR 2 R R
DIMENSION M2(6)
DIMENSIGON IDATA(2)
DIMENSION BOXX(5,50),B0XY(5,50)
autwtnswntsws TYPE DECLARATIONS RSN I P RR SRR TR R R R B R X L s R 2
INTEGER MARK,FILES,QUEST,CHOICE,ANSW,LOCKED,BLANKS,TEST
INTEGER M2
INTEGER IDATA,BOXX,BOXY
wuwaswawsnazrdr DATA STATEMENTS R T AR AL TN AV T AN LR T NS AL q N
DATA M2/ °PLEA”, °SE S°,“ELEC’, T A 7, TEST’,” . ‘/
DATA BOXX/875,975,975,875,875,
875,975,975,875,875,
0,10,10,0,0,235%0/
DATA BOXY/10,10,85,85,10,
110,110,185,185, 110,
990, 990, 999, 999, 990, 235%0/
DATA NARRAY/50/
s tedrrRfvarniss FORMAT STATEMENTS R A AR s A LAk 2k ity
100 FORMAT(I4)
200 FORMAT(16A%)
xnwewwwdewrxxs START BY GETTING THE TEST NAME ##ddZaeradiddddsss
CALL VORG(MARK(1))
CALL VCHAR(75,950, "AVAILABLE TESTS?,15)
DO 300 KK=1,NFILES
CALL VCHAR(75,950-(KK+I)*ZQ,FILES(I,KK),ZO)
BOXX(1,KK+3)=0
BOXX(2,KK+3)=50
BOXX(3,KK+3)=50
BOXX(4,KK+3)=0
BOXX(5,KK+3)=0
BDXY(1,KK+3):950—(KK+])*2h—lO
BOXY(2,KK+3)=BOXY(I,KK+3)
BOXY(3,KK+3)=BOXY(1,KK+3)+20
BOXY(4,KK+3)=BOXY(1,KK+3)+20
BOXY(5,KK+3)=BOXY(1,KK+3)
CALL VJLINE(A,BOXX(I,KK+3),BOXY(1,KK+3))
300 CONTINUE
CALL VJLINE(#,BDXX(I,l),BOXY(l,l))
CALL VCHAR(BDXX(I,I)+2&,BOXY(l,l)+36,’TEST',4)

X > X
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. e

CALL VJLINE(4,BOXX{(1,2),B0XY(1,2))
CALL VCHAR(BOXX(1,2)+24,BOXY(1,2)+36, QUIT",4)
CALL VCHAR(75,950-(NFILES+3)*24,M2,24)
CALL VJLINE(4,BOXX(1,3),B0OXY(1,3))
CALL VPOSIT(ITERM)
CALL VTRUNC(ITERM)
CALL VSEND
Yedr e dede ekt WAIT FOR PEN ACTION AT A A RN RN WA WA TR ke ey Al
LOO CALL PEN(IDATA,BOXX,BOXY,NARRAY,NBOX)
IF(NBOX.EQ.0) GO TO 400
IF(NBOX.GT.3) GO TO 600
IF(NBOX.EQ.2) GO TO 500
IF(NBOX.EQ.3) GO TO 1500
YT TR R TR RS RETURN TD TESTING P R R R PCRUR . R RURUE. RUS R R U RUR 2 E 2 L8 TUE L -4
IF(INDEX.EQ.0) GO TO 400
NEXT=2
RETURN
LRI VE TR R R R R X QUIT B L R R R R E A R R R E R T AL 'R AR g g kRS
500 NEXT=5
RETURN
wiwekxx RESET INTERNAL RECORDS *#x#x
600 INDEX=1
DO 700 I=1,3
DO 700 J=1,MDIM
700 RESPON(I,J)=0.
DO 800 I=1,MDIM
800 LOCKED(I)=0
#dxwk [NPUT TEST QUESTIONS AND ANSWERS ##x#i#
DO 900 I=1,5 _
900 TEST(I)=FILES(I,NBOX-3)
CALL VORG(MARK(1))
CALL VCHAR(500,500,TEST,20)
CALL VPOSIT(ITERM)
CALL VTRUNC(ITERM)
CALL VSEND
KK=NBOX+6
READ (KK,100) N
DO 1400 I=1,N
DO 1000 J=1,4
1000 READ (KK,200) (QUEST(K,J,I),K=1,16)
DO 1100 J=1,3
DO 1100 L=1,3
1100 READ (KK,200) (CHOICE(K,L,J,1),K=1,8)
CALL VORG(MARK(1))
KKK=MOD(I,2)
IF (KKK.NE.O) GO TO 1200
CALL VCHAR(500,500,TEST,20)
GO TO 1300
1200 CALL VCHAR(500,500,BLANKS,20)
1300 CALL VPOSIT(ITERM)



1400

1500

A&

CALL VTRUNC(ITERM)
CALL VSEND

READ (KK,100) ANSW(I)
REWIND KK

NEXT=2

RETURN

CALL VCOPY(2)

GO TO 400

END
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TEST ADMINISTRATION SUBROUTINE

SUBROUTINE TESTER(/MDIM/,/MARK/,/QUEST/,/CHOICE/,/ANSW/,

X /RESPON/, /LOCKED/,/INDEX/,/N/,/BLANKS/ ,/NEXT/)
DIMENSION MARK(1),QUEST(16,4,MDIM),CHOICE(8,3,3,MDIM),
X ANSW(1),RESPON(3,MDIM),LOCKED(1),BLANKS(1)

C wswdsndhdhkrsdwtaats DIMENSIONS #wwddsdddnkdhddihddedadans

DIMENSION BOXX{(5,5),B0OXY(5,5)
DIMENSION TRIX(4),TRIY(5)
DIMENSION IX(51),IY(51)
DIMENSION PTS(5),SCR(3),M3(5)
DIMENSION IDATA(2)

_ DIMENSION MMAX(14),MMIN(14), THEANS(9)

C HfiddrrRrAhr L RnLNE TYPE DECLARATIONS PORVRVTORURLERURURVELE L 2L 20 2 X E R R
INTEGER MARK,QUEST,CHQICE,ANSW,LOCKED,BLANK,SCORE
INTEGER BOXX,BOXY :

INTEGER TRIX,TRIY

INTEGER RlX,RIY,R2X,R2Y,R3X,RBY,QPOSX,QPOSY
INTEGER PTS,SCR,M3,REVIE, THEANS

INTEGER IDATAY, NARRAY

C HxEtdeddddbhtiiiILis INITIAL DATA ***********************g***

DATA TRIX/425,50,800,425/

DATA TRIY/700,50,50,700/

DATA BOXX/875,995,995,875,875,
875,995,995,875,875,
875,995,995,875,875,
875,995,995,875,875,
0,10,10,0,0/

DATA BOXY/10,10,85,85,10,
110,110,185,185,110,
210,210,285,285,210,
310,310,385,385,310,

990,990, 999,999,990/
DATA QPOSX,QPOSY,R1X,R2X,R3X,R1Y,R2Y,R3Y
. /95,975,525,525,525,825,725,625/
Y4 ’ , V4 ’ 4 I.'..l/

DATA PTS/’ 7, o e s Teee
DATA M3/°QUES”, ‘TION’,” # P”, LEAS’,E ’/
DATA NARRAY/S/,MAXPLT/@O(

pod XXX X XX

DATA MMAX/ M ‘. A , X 1 , M ‘U ,

X IM l’l I’ IP l’ IO l, II I’ON l’

X IT l’ls I/

DATA MMIN/ ‘M ! ‘LN o 1 ‘, M ‘, ‘U ‘,

x IM l,l I,IP I,ID I’II I,IN ’,»
x IT I’IS l/ .

DATA THEANS/’SORR”, ‘Y, Y’,“0U A”, "LREA”, "DY K, “NOW 7,
X ‘THE *, “ANSW’, “ER. */ \

é whwvkwssdr THE SCORING FUNCTION #dr#dwdfddttdhaddtrrdadds
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VALUE(X) 50. *ALOG]O(B.*AMAX]( 01,X))
Hkhkdi Rt hidkivaww DRAW THE BOXES **t#***ﬁ****************ﬁ**

CALL

VORG(MARK (1))

awe DRAW THE *NEXT® BOX ##wx

CALL
CALL
CALL

VJLINE(4,B0XX(1,1),BOXY(1,1))
VCHAR(BOXX(l l)+36 BOXY(1,1)+60, “NEXT”,4)
VCHAR(BOXX(],1)+12 BOXY(1,1)+36, QUESTION »8)

wvvt DRAW THE “PREVIOUS”® BOX #w#x

CALL
CALL
CALL

VJLINE (4,B0XX(1,2),B0XY(1,2))
VCHAR(BOXX(I 2)+12 BOXY(1,2)+60, PREVIOUS ,8)
VCHAR(BOXX(I 2)+12, BOXY(I,2)+36 QUESTION, 8)

*#iek DRAW THE “ANSWER™ BOX www#

CALL
CALL
CALL

VJLINE(4,B0XX(1,3),B0XY(1,3))
VCHAR(BOXX(I 3)+12 BOXY(1,3)+60, QUESTION ,8)
VCHAR(BOXX(1, ,3)+24,B0OXY(1,3)+36, “ANSWER * 6)

wwxx DRAW THE “SELECT® BOX wna

CALL
CALL
CALL
wwwr GET
100 CALL
CALL
CALL

VJLINE (4,BOXX(1,4),BOXY(1,4))
VJLINE(4,BOXX(1,5),B0XY(1,5))
VPOSIT(MARK(2))

THE QUESTIONS AND CHOICES ¥
VORG(MARK(2))

VPOSIT(ITERM)

VTRUNC (I TERM)

DO 200 I=1,4

200 CALL

VCHAR(QPOSX, QPOSY-(1-1)%24,QUEST(1,I,INDEX),64) "

CALL VPOSIT(MARK(3))
| DO 300 I=1,3
© 300 CALL

CALL

VCHAR(R1X,R1Y-(1-1)*24,CHOICE(1,1,1,INDEX),32)
VPOSIT(MARK(L))

D0 400 I=1,3

400 CALL
CALL

VCHAR(R2X,R2Y-(1~1)%*24,CHOICE(1,1,2,INDEX),32)
VPOSIT(MARK(5))

DO 500 I=1,3

500 CALL
CALL

VCHAR(R3X,R3Y-(I-1)*24,CHOICE(1,1,3,INDEX),32)
VPOSIT(MARK(6))

#xw%x DRAW RESPONSE DIAGRAM OUTLINE #w=*

600 IF((RESPON{1,INDEX).EQ.0.).AND.(RESPON(2, INDEX).EQ.0.).AND.
X {(RESPON(3,INDEX).EQ.0.)) GO TO 1000

#%ux [F NO RESPONSE SKIP TO DRAW TRIANGLE %=

CALL
CALL

VORG (MARK(6))
VLINES(1,12,718,312,718)

#x%% DRAW THE RESPONSES ##w
DG 900 I=1,3
SCR{I)=VALUE(RESPON(I,INDEX))

J=-1

IF(SCR(I).GE., O) J=1

[SCR=

TABS(SCR(I))

II=ISCR/4 1
[J=MOD(ISCR,4) i
IF(II.EQ.0) GO TO 800 z
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1 DO 700 K=1,11

CALL VCHAR(12+(I-1)*100,725+J%K*5,PTS(5),4)

700 CONTINUE

800 CALL VCHAR(12+(I-1)%*100,725+J*(11+1)*5, PTS(IJ+I) 4)

900 CONTINUE
CALL VCHAR(12,850," A “,4)
CALL VCHAR(112,850,° B “,4)
CALL VCHAR(212,850,° C 7,4)
CALL FORMAT(1,4,0,SCR(1),ITERM)
CALL VCHAR(12,600,1TERM,4)
CALL FORMAT(1,4,0,SCR(2),ITERM)
CALL VCHAR(112,600,ITERM,4)
CALL FORMAT(1,4,0,SCR(3),ITERM)
CALL VCHAR(212,600, ITERM,4)
CALL VPOSIT(MARK(7))

¢ #%x% DRAW THE TRIANGLE #*w#¥=
1000 CALL VJLINE(3,TRIX,TRIY)

CALL VCHAR(TRIX(2)-24, TRIY(2)-12
CALL VCHAR(TRIX(3)+24,TRIY(3)-12,
UNIT=FLOAT(TRIX(3)~- TRIX(2))*(SQRT(3
DI=RESPON(1, INDEX)*UNIT
D2=RESPON(2, INDEX)*UNIT
D3=RESPON(3, INDEX)*UNIT
IF((D1.EQ.0.).AND.(D2.EQ.0.). AND (D3.
[X0=(D1*.5+D3)/.866+TRIX(2)
[YO=D1+TRIY(2)
CALL VCHAR(IXO,IYGC, X",1)
1100 CALL VPOSIT(MARK(8))
C #xxxx SEND THE TEST PICTURE w##x¥
1200 CALL VORG(MARK(B))
: DO 1300 I=1,

CALL VCHAR(TRIX(I) TRIY(1)+24, A" ll

I

IF((RESPON(I I).EQ.O.)-AND.(RESPDN(2,

: X (RESPON(B,I).EQ.O.)) GO TO 1400
1300 CONTINUE
CALL VCHAR(BOXX{1,4)+12,BOXY(1,4)+60,
CALL VCHAR(BOXX(1,4)+12,BOXY(1,4)+36,
MODE=1
GO TO 1410

1400 CALL VCHAR(BOXX(1,4)+36,B0XY(1,4)+60,
’ CALL VCHAR(BOXX(1,4)+24,B0XY(1,4)+36,

i MODE=0
1410 CALL VPOSIT(MARK(9))
: CALL VTRUNC(MARK(9))
CALL VSEND
C #*w%= WAIT FOR THE LIGHT PEN wwws=

B°,1)
c’t1)
1/2.)

EQ.0.)) GO TG 1100

1).EQ.0.).AND.

SCORE' 5)
‘PAGE ", 4)

‘TEST”,4)
“SELECT?,6)

11500 CALL PEN(IDATA,BOXX,BOXY,NARRAY, NBOX)
: GO TO (1800,2100, 2200 2600 2800), NBOX

C #®¥%x% PROCESS THE TRIANGLE b
C wwx%w SET UP TRIANGULAR UNIT #w®dswvwwk
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| UNIT=TRIX(3)-TRIX(2)
g X=FLOAT(IDATA(1)-TRIX(2))/UNIT
i Y=FLOAT(IDATA(2)-TRIY(2))/UNIT
D1=(SQRT(3.)*Y)/3.
D2=1.-D1-X
D3=X-D1
D1=D1%*2.
IF(D2.LT.(-,025)) GO TO 1500
IF(D3.LT.(~-.025)) GO TO 1500
IF(LOCKED{(INDEX).EQ.0) GO TO 1600
CALL VORG(MARK(9))
CALL VCHAR(TRIX(2)+48,TRIY(2)+24,THEANS, 36)
CALL VPOSIT(ITERM)
CALL VTRUNC(ITERM)
CALL VSEND
GO TO 1500
1600 IF(D1.LT.(.025)) D1=0.
[IF(D2.LT.(.025)) D2=0.
IF(D3.LT.(.025)) D3=0.
TSUM=D1+D2+D3
D1=D1/TSUM
D2=D2/TSUM
D3=D3/TSun
IF( (ABS(D1-.3333).GT..05)
X .OR. (ABS(D2-.3333).GT7..05)
X .OR. (ABS(D3-.3333).GT..05)) GO TO 1700
Di=1./3.
D2=D1
, D3=D1
"1700 RESPON(1,INDEX)=D1
RESPON(2,INDEX)=D2
RESPON(3,INDEX)=D3
GO TO 600
C #%%% PROCESS “NEXT® BOX w#x#x
1800 INDEX=INDEX+1
IF(INDEX.LE.N) GO TO 100
DO 1900 I=1,N
IF((RESPON(I,I).EQ.O,).AND.(RESPON(2,I).EQ.O.).AND.
X (RESPON(3,1).EQ.0.)) GO TO 2000
1900 CONTINUE
2000 INDEX=1
, GO TO 100
¢ #%%% PROCESS “PREVIQUS’® BOX #¥¥%
2100 IF(INDEX.EQ.1) GO TO 1500
INDEX=INDEX~1
» GO TO 100
G *##¥%¥ PROCESS THE “ANSWER® BOX #¥#%%
2200 CONTINUE :
' IF((RESPON(1,INDEX).EQ.0.).AND. (RESPON{2,INDEX).EQ.0! ) AND.
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X (RESPON(3,INDEX).EQ.0.)) GO TO 1500
LOCKED(INDEX)=1

CALL VORG{MARK({7))
IXC1)=(ANSW(INDEX)-1)*100
IX(2)=IX(1)+70
IX(3)=IX(2)

IX(4)=1X(1)

IX(5)=IX(1)

1Y(1)=850-20

IY(2)=IY(1)
IY(3)=1Y(1)-250
IY(4)=1Y(3)

IY(5)=IY(1)

CALL VJLINE(L4,IX,1Y)
POTU=FLOAT(MAXPLT)*ABS(VALUE(1.))
POTL=FLOAT(MAXPLT)*ABS{VALUE(0.))
TOTAL=POTU+POTL

I0RGX=0

IORGY=0

IXUNIT=725

AXUNIT=IXUNIT

IYUNIT=525

AYUNIT=IYUNIT
IX(1)=I0RGX+IXUNIT
IX(2)=10RGX

IX{(3)=10RGX

IX(H)=IX(1)

IX(5)=1IX(1)

IX{6)=I0RGX

IX(7)=10RGX

IX(8)=IX(1)

IY(1)=I0RGY
IY(2)=IORGY+IFIX(POTL*AYUNIT/TOTAL)
1Y(3)=I0RGY

IY(4)=10RGY
IY(5)=I0ORGY+IYUNIT
IY(6)=1Y(S)

IY(7)=1Y(2)

1Y(8)=1Y(5)

CALL VLTYPE(2)

CALL VJLINE(7,IX,1Y)

CALL VLTYPE(1)
DY1=FLOAT((IY(5)-1Y(2))*14)/AXUNIT
DY2=FLOAT((IY(2)~-IY(1))*14)/AXUNIT
DO 2300 J=1,14
AJ=FLOAT(J)
IDY1=AJ*DY1
IDY2=AJ*DY2
CALL VCHAR(IORGX+14*J,1Y(2)+14+IDY1,MMAX(J),1)
CALL VCHAR(IORGX+14%J,1Y(2)-14-IDY2,MMIN(J),1)
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i

2300 CONTINUE
IX(1)=I0RGX
IY(1)=IORGY+IFIX(POTL*AYUNIT/TOTAL)
NPLOT=0
DO 2400 J=1,N
IF ((RESPON(1,J).FQ.0.).AND. (RESPON(2,J).EQ.0.).AND.
X (RESPON(3,J).EQ.0.)) GO TO 2400
NPLOT=NPLOT+1
ZZ=VALUE (RESPON(ANSW(J), J))
POTU=POTU-22
POTL=POTL+2Z
IX(NPLOT+1)=I0RGX+{(NPLOT*IXUNIT)/MAXPLT
; IY{NPLOT+1)=I0RGY+IFIX(POTL*AYUNIT/TOTAL)
2400 CONTINUE
' CALL VJLINE(NPLOT,IX,IY)
IX(1)=IX(NPLOT+1)+12
IY(1)=IY(NPLOT+1)
IX(2)=IX(1)+24
IY(2)=IY(1)
CALL VCHAR(CIX(1),IY(1), +7,1)
CALL VJLINE(1,IX,IY)
CALL VCHAR(IX(2)+24,IY(1)+12, "YOUR",4)
CALL VCHAR(IX(2)+24,IY(1)-12, POINTS’,6)
I[F (NPLOT.NE.N) GO TO 2500
IX(1)=IX{NPLOT+1)
IX(2)=1X(1)
IY(1)=IORGY
IY(2)=IY{(1)+IYUNIT
CALL VJLINE(1,IX,IY)
, CALL VCHAR(IX(1)-8,IY(2)+12, END7,3)
12500 CALL VPOSIT(MARK(8))
GO TO 1200
C #*wx%x*x PROCESS THE “SELECT” BOX #w##*
.2600 IF(MODE.EQ.0) GO TO 2700
C F R R AR R Rk GD TD SCDRES KRR RURRUR- R R R R R R R
NEXT=3
; RETURN
C ******#******* GO TO TEST SELECT WRHHT WAL AT E ARy
12700 NEXT=1
; RETURN
C NV PRUDUCE HARDCOPY IR -T2 2 LR R RVE-2-E- 58
12800 CALL VCOPY(2)
i GO TO 1500
END
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. SCORING SUBROUTINE

SUBROUTINE PRINT(/MDIM/,/INDEX/,/N/,/RESPON/,/ANSW/,/MARK/,

/BLANKS/,/TEST/,/SUBJCT/,/GEOM/,/PVAR/,/SCORE/,
/SREAL/,/TREAL/,/SBASE/,/TBASE/ ,/NEXT/)

DIMENSION RESPON(3,MDIM),MARK(1),TEST(1),SUBJCT(1),BLANKS(1)

DIMENSION

ANSW(MDIM)

C wwewsewrkadidtr DIMENSION STATEMENTS ##waddraxsdrddhiids

C wxxwwwwkwxar TYPE STATEMENTS
SLEEP,FOOL,ASTER

C swxw

> X > >

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

INTEGER

PART1(11),PAR2(33),PAR3(13)
PARL(16),PAR5(31)

IDATA(2)

SC(3),L0C(4)

BOXX(5,5),B0XY(5,5)
XFRO(7),XT0(7),YFRO(7),YTO(7)
MUCHM(3),MUCHL (3)
SLEEP(11),FO0L(11)
CONS(3),SOME(2),0VER(3),UNDER(3),KNOW(4)
RES1(10),RES2(4),RES3(2),RES4(12)
TEMPR(3),CHAR(3),ASTER(3)

Lt et W rh AP e h s

ANSW,MARK, BLANKS, TEST, SUBJCT, SCORE, ISCORE
PAR2,PAR3
PARYL ,PARS
RES1,RES2,RES3,RESY
XFRO, XTO, YFRO, YTO
MUCHM, MUCH,MUCHL , LESS
EASY,HARD
CONS, SOME ,OVER, UNDER, KNOW
IDATAY, NARRAY
COORXF,COORYT
INTEGER SC,CHAR, XSCORE
INTEGER BOXX,BOXY
REAL HMAX
wxdwiA*d DATA STATEMENTS #&fwxddddhddbAmdhdrdvniw
DATA XORG/300./,YORG/500./,XUNIT/400./,YUNIT/400./
DATA COORXF/50/,CO0RYT/450/
DATA SC/°SCOR", 'E= 7,° ‘/
DATA CHAR/ A 7
DATA SLEEP/ U
7y
FooL /70
‘v , “A , L
BOXX/875,975,975,875,875,
875,975,975,875,875,
875,975,975,875,875,
875,975,975,875,875,

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

DATA
DATA
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0,10,10,0,0/

DATA BOXY/10,10,85,85,10,
110,116,185,185,110,
210,210,285,285,210,
310,310,385,385,310,
990, 990, 999, 999, 990/

DATA EASY/“EASY?/,HARD/ “HARD “/

DATA MUCHM /° MUC®, "H MO’,"RE */

DATA MORE /‘MORE‘/

DATA MUCHL /° MUC®, H LE®,“Sss 7/

DATA LESS / LESS?/

DATA SOME/ “SOME “, "WHAT*/

DATA CONS/’CONS“, “IDER?, “ABLY "/

DATA OVER/® OVE’, “R VA’, “LUE */

DATA UNDER/Z UND’, “ER V7, “ALUE "/

DATA KNOW/* YOU','R KN','DWLE','DGE.'/

DATA RES1/7BY M7, “ORE REAL','ISTI',’C us’,“e OF”°,

X 7 YOU’, ‘R KN”, “OWLE” DGE.’/

DATA RES2/°BY M', ORE -’ sTUD”. °Y. ‘/

DATA RES3/7QVER”, “ALL.7 /

DATA RESL/ HEAY, “VILY’, " ON ','ANSW','ERS “YOU

52K X >

rs

“TEND®,” TO “,10%° °/
J15%° °/

Fd

DATA PAR3 /°YOU
DATA PARL /7BET
DATA PARS /°THE 'WAY ,'YOU PLAC ‘ED Y',
‘0UR , “BETS ,’ ON * “THIS®,? TES”, T ,
'SHow’ ‘S YOO, U AR ‘E VE’ 'RY A
'CCUR' “ATE “.7IN A”.“SSES”, “SING’ ,
‘THE ','VALI ‘DITY?, OF ','YOUR',
*FAC?, TS A’,’ND R’,’EAso’,’Ns. ‘/
DATA ISKS/ #x 7/
DATA NARRAY/5/
C LR RVEVEVT S FORMAT*#*****&‘:***** *:’:***x*s‘:**********ﬁ*
5000 FORMAT( 17, “TEST? ,SAA 5X, SUBJECT , 16A4L)
5100 FORMAT('O ‘DATE: ", 2A4,5X, “TIMES 2A4)
5200 FORMAT( 0° SCORE" I5,5X, REVISED SCORE: ", 15,
X 5X, STEREOTYPE SCORE: ~ ,15)
5300 FORMAT( 07, “INFORMATION:’,Fé6. 2 8X, ‘REVISED INFORMATION:’
5400 FORMAT('O ‘REALISM SLOPE" F7.2, 5x, ‘REALISM INTERCEPT:’
X F7 2)
5500 FORMAT( 07,6X, PROBABILITIES 23x SCORES )

b4 r

X ‘FEEL’,” ARE’,” CDR','RECT ,' ‘]

DATA PAR1/YOU ','CAN “, “IMPR”, “OVE > “YOUR * ,  Sco”’,
X RE By 7,° .7 PO’ NTS ‘/

DATA PAR2 /~ THIS T TJEST,T W’,°AS so ’
X ’,’ FOR’,” YOU’,” THA’, T IT’ IS 7,
X IMPO' SSIB','LE T, 0 DE’ “TERM”
X “INE 7, "HOW ’,’Dlsc',’RIMI','NATI’,'NG -
X “You “, ,ARE “, AT V7, ALUI, NG Y7,
X "QUR : 'FACT','S AN, D RE7, “ASON7,’S. 7/

4

XXX XX

5600 FORMAT(” ,3x ‘AT,7X,B7,T7X, 13x ‘A’,10%,°B7,10%,°C7)

F602)
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5700 FORMAT(”® “,F6.2,A2,F6.2,A2,F6.2,A2,

X 3X,F9.2,A2,F9.2,A2,F9.2,A2)
5800 FORMAT(0°, “BASE SLOPE:”,F7.2,8X, BASE INTERCEPT:”,
X F7.2)

5900 FORMAT( 0", ‘BIAS:",F5.2,16X, "PROB. VARIANCE:",F6.2)
C BETNRTRINER THE SCURING FUNCTION HRRARETE AR TSR AATER AN T T AL AR
VALUE(X)=50.*ALOG10(3.*AMAX1(.01,X))
C X222 224 DO THE REALISM BIT B e L IR R T E L e R £ Rk Lk kL ) R
CALL REAL(MDIM,N,RESPON,ANSW, SCORE,GEOM,
X SREAL, TREAL, SBASE, TBASE,PVAR)
C EX 2+ X 2-X 12 DISPLAY TO INFORMATIDN BO)( ARUBXRAADUARLRAR AT T LS e d ik
XFRO( 1)=XORG
XTO(1)=XORG+XUNIT
YFRO(1)=YORG
YTO(1)=YORG
XFRO(2)=XT0O(1)
XTO(2)=XTO(1)
YFRO(2)=YORG
YTO(2)=YORG+YUNIT
XFRO(3)=XT0O(1)
XT0(3)=X0RG
YFRO(3)=YT0O(2)
YTO(3)=YT0(2)
XFRO(4)=X0ORG
XTO(4)=X0RG
YFRO(4)=YTO(2)
YTO(4)=YORG
XFRO(5)=X0RG
XTO(5)=XT0(1)
YFRO(5)=YORG
YTO(5)=YT0(2)
XFRO(6)=XORG
XTO(6)=XT0(1)
YFRO(6)=YT0(2)
YTO(6)=YORG
SUMA=0.
SUMP=0.
HMAX=ALOG10(3.)*FLOAT(N)
AI=0.
PI=0.
IF (PVAR.LT..01) GO TO 700
DO 600 I=1,N
DO 100 J=1,3
TEMP=RESPON(J, 1)
IF(TEMP.GT..0001) SUMP=SUMP+TEMP*ALOG10(TEMP)
100 CONTINUE
K=1
DO 300 J=1,3
TEMP=SREAL*RESPON(J, I1)+TREAL
IF(TEMP.LT.0.) TEMP=0.



200

300

400

500
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700
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IF(TEMP.GT.1.) TEMP=1.
IF(J.NELANSW(I)) GO TO 200
TEMPR(1)=TEMP
GO TO 300
K=K+1
TEMPR(K)=TEMP
CONTINUE
DIFF=1.-TEMPR(1)
IF((TEMPR(2).NE.0O.) .OR.(TEMPR(3).NE.O.)) GO TO 400
TEMPR(2)=.5
TEMPR(3)=.5
DENOM=TEMPR(2)+TEMPR(3)
TEMPR(2)=TEMPR(2)*DIFF/DENOM
TEMPR(3)=TEMPR(3)*DIFF/DENOM
DO 500 J=1,3
IF(TEMPR(J) .GT..0001) SUMA=SUMA+TEMPR(J)*ALOGI10(TEMPR(J))
CONTINUE
P I=HMAX+SUMP
AI=HMAX+SUMA
CONTINUE
XFRO(7)=XO0RG
XTO(7)=XTO(1)
YFRO(7)=YORG+(AI/HMAX)*YUNIT
YTO(7)=YORG+(PI/HMAX)*YUNIT
CALL VORG(MARK(1))
CALL VLTYPE(2)
CALL VLINES(6,XFRO,YFRO,XT0,YT0)
CALL VLTYPE(1)
CALL VLINES(1,XFRO(7),YFRO(7),XT0(7),YT0(7))
CALL VCHAR(XFRQO(7)-160,YFRO(7)+24, “ACTUAL",6)
CALL VCHAR(XFRO(7)-160,YFRO(7), 'KNOWLEDGE-",10)
CALL VCHAR(XTO(7)+12,YTO(7)+24, "PERCEIVED",9)
CALL VCHAR(XTO(7),YTO(7), “~KNOWLEDGE “,10)
CALL VCHAR(XFRO(1)+24,YFRO(3)+12,

‘COMPLETE MASTERY ,16)
CALL VCHAR(XFRO(1)+24,YFRO(1)-12,

‘N0 MASTERY?,10)
[TIX=XFRO(1)+24
ITIY=YFRO(3)~48
IT2X=XFRO(1)+24
IT2Y=YFRO(1)+48
DO 800 I=1,11
CALL VCHAR({ITIX+(I-1)*12,1T1Y=-(I-1)*12,SLEEP(
CALL VCHAR(ITIX+(I-1)*12,1T2Y+(I-1)*12,FQ0OL(I

,1n
)e 1)

800 CONTINUE
C wwssxwwkksersrs DISPLAY VERBAL RESPONSE ####dfkaakadx

BYAS=(PI-AI)/HMAX

CALL DATIME(2,L0C)
ITERM=YORG+YUNIT+75.

CALL VCHAR(COORXF,ITERM,TEST,20)
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CALL VCHAR(COORXF+240,ITERM,LOC(1),8)
CALL VCHAR{CODORXF+360,I1TERM,LOC(3),8)
CALL VCHAR(COORXF+480,1TERM, SUBJCT,20)
¢ wwwxx [SSUE THE MESSAGES ###wx
g *%wwx  T0OO HARD? =##d%w
IF(PVAR.GT..01) GO TO 900
PAR2(6)=HARD
CALL VCHAR(COORXF,COORYT-5%24 ,PAR2(1),44)
CALL VCHAR(COORXF,COORYT-6%24 ,PAR2(12),44)
CALL VCHAR(COORXF,COORYT-7#24 ,PAR2(23),44)
GO TO 3200
C wwmxx REALLY GOOD? #®%&%%
900 IF(ABS(BYAS).GT.(.1)) GO TO 1000
CALL VCHAR(COORXF,CODRYT-5%24,PAR5(1),44)
CALL VCHAR{COQORXF,COORYT-6%24 ,PAR5(12),40)
CALL VCHAR(COORXF,CODRYT-7%24 ,PAR5(22),40)
GO TO 3000
1000 J=0
JJ=1
DO 1100 K=1,10
1100 PAR3(3+K)=BLANKS(1)
DO 1200 K=1,15
1200 PARL(1+K)=BLANKS(1)
c [Ty OVER_VALUING? Fedwdkey
IF(BYAS.LT.(-.1)) GO TO 2100
IF(BYAS.LE.(.7)) GO TO 1400
DO 1300 J=1,3
1300 PAR3(3+J)=CONS(J)
PAR4(2)=MUCHL (1)
PAR4(3)=MUCHL(2)
PARL (4)=MUCHL(3)
JJ=3
GO TO 1700
1400 IF(BYAS.GE.(.4)) GO TO 1600
DO 1500 J=1,2
1500 PAR3(3+J)=SOME(J)
PAR4(2)=LESS
GO TO 1700
1600 PARL(2)=LESS
1700 DO 1800 K=1,3
1800 PAR3(3+J+K)=0VER(K)
DO 1900 L=1,4
1900 PAR3(3+J+K+L)=KNOW(L)
DO 2000 K=1,12
2000 PAR4(1+JJ+K)=RES4(K)
CALL VCHAR(COORXF,COORYT~5%24,PAR3(1),52)
CALL VCHAR(COORXF,COORYT-8%24,PARL(1),64)
GO TO 3000
C *#x%% UNDER-VALUING?Z H#dew
2100 IF(BYAS.GT.(-.7)) GO TO 2300



2200

2300
2400
2500
2600
2700
2800

2900
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DO 2200 J=1,3
PAR3(3+J)=CONS(J)

PAR% (2)=MUCHM(1)

PARL (3) =MUCHM(2)

PARA (4 )=MUCHM(3)

JJ=3

GO TO 2600

IF(BYAS.LT.(-.4)) GO TO 2500
DO 2400 J=1,2
PAR3(3+J)=SOME(J)

PARL (2)=MORE

GO TO 2600

PARL (2)=MORE

DO 2700 K=1,3

PAR3 (3+J+K)=UNDER(K)

DO 2800 L=1,4

PAR3 (34 J+K+L)=KNOW(L)

DO 2900 K=1,12

PARY (14 JJ+K) =RESh (K)

CALL VCHAR(COORXF,COORYT-5%24 ,PAR3(1),52)
CALL VCHAR(COORXF,COORYT-8%24 ,PARL(1),64)

C #*xxwwxxx PRINT THE SCORES ##@wscfdsrdssskuss

3000

3100

CONTINUE

RSCORE=0.

DO 3100 K=1,N
TEMP=(SREAL#*RESPON(ANSW(K) ,K)+TREAL)
IF(TEMP.GT.1.) TEMP=1.

IF(TEMP.LT..01) TEMP=.01
RSCORE=RSCORE+VALUE (TEMP)

CONTINUE

IF((RSCORE-SCORE).LT.0.) RSCORE=SCORE
ITERM=RSCORE~-SCORE+.5

CALL FORMAT(1,4,0,ITERM,PAR1(9))

CALL VCHAR(COORXF,COORYT=-11%24,PART, 44)
CALL VCHAR(COORXF,COORYT-12%24 RES1,40)
ITERM=FLOAT(N*24)~-RSCORE+.5

CALL FORMAT(1,4,0,ITERM,PAR1(9))

CALL VCHAR(COORXF,COORYT-14%24 PART, 44)
CALL VCHAR(COORXF,COORYT-15%24 RES2,16)
ITERM=FLOAT(N*24)~SCORE+.5

CALL FORMAT(1,4,0,1TERM,PAR1(9))

CALL VCHAR(COORXF,COORYT=17%24,PAR1,44)
CALL VCHAR(COORXF,COORYT-18%24 RES3,8)

C #*x%% DRAW THE ‘TEST AND PLOT® BOXES ##wx%

3200
3300

CALL VPOSIT(MARK(2))

CALL VORG(MARK(2))

CALL VJLINE(4,BOXX(1,1),BOXY(1,1))

CALL VCHAR(BOXX(1,1)+12,B0XY(1,1)+60,70LD",3)
CALL VCHAR(BOXX(1,1)+12,BOXY(1,1)+36, "TEST 7,6)
CALL VJLINE(4,BOXX(1,2),B0XY(1,2))

*
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CALL VCHAR(BOXX(1,2)+12,80XY(1,2)+36, PLOT 7,6)
CALL VJLINE(4,BOXX(1,3),BOXY(1,3))
CALL VCHAR(BOXX(1,3)+12,B0XY(1,3)+36, “RECORD ", 6)
CALL VJLINE(4,BOXX(1,4),B0XY(1,4))
CALL VCHAR(BOXX(1,4)+12,BOXY(1,4)+60, "NEW “,4)
CALL VCHAR(BOXX(1,4)+12,BOXY(1,4)+36, "TEST ,4)
CALL VJLINE(4,B0OXX(1,5),B0XY(1,5))
CALL VPOSIT(ITERM)
CALL VTRUNC(ITERM)
CALL VSEND :
C ALRAET RAAREE FhHRd Thddd dabdddk HATNR seav b Wl
C T RPN WAIT FDR THE LIGHT PEN P R R R R R R s X -
3400 CALL PEN(IDATA,BOXX,BOXY,NARRAY,NBOX)
GO TO (3500,3600,3700,4200,4300), NBOX
GO TO 3400
C HHRAFAXFLHIRN RETURN TO OLD TEST R R SR R RUT R RVE R RO R R R 2 R &
3500 NEXT=2
RETURN
C AHXLERURT T ARFTEN GD TD PLO]’ ROUTINE PR R RUE - T R R R VI R SRRV R R R R b R R ]
3600 NEXT=4
RETURN
C PR RV R TR R RS R h PRINT HARDCOPY LR TN N A LA N T AW AR ab b oot
3700 CALL VORG(MARK(2))
CALL VTRUNC (MARK(2))
CALL VSEND
TEMP=0.
PERC1=(1.~SBASE-TBASE)/2.
PERC2=SBASE+ TBASE
DO 3900 I=1,N
PERC=PERC1
E=1.
TEM=AMAX1(RESPON(1,1),RESPON(2,1),RESPON(3,1))
IF(ABS(RESPON(ANSW(I),I)-TEM).GT..01) GO TO 3900
PERC=PERC2
E=0.
DO 3800 J=1,3
3800 IF(ABS(RESPON(J,I)-TEM).LE..O1) E=E+1.
3900 TEMP=TEMP+VALUE (PERC)/E
XSCORE=TEMP
PRINT 5000, (TEST(J),J=1,5), (SUBJCT(J),J=1,16)
PRINT 5100, (LOC(J),J=1,2),(LOC(J),J=3,4)
ISCORE=RSCORE
PRINT 5200,SCORE, ISCORE, XSCORE
TEMP1=PI/HMAX
TEMP2=AI/HMAX
PRINT 5300, TEMP1, TEMP2
PRINT 5400,SREAL, TREAL
PRINT 5800,SBASE, TBASE
PRINT 5900,BYAS,PVAR
PRINT 5500



~62-

PRINT 5600
DO 4100 I=1,N
DO 4000 J=1,3
4000 TEMPR(J)=VALUE(RESPON(J, 1))
ASTER(1)=BLANKS (1)
ASTER(2)=BLANKS(2)
ASTER(3)=BLANKS(3)
ASTER(ANSH(I))=ISKS
PRINT 5700,RESPON(1,I),ASTER(1),RESPON(2,1),ASTER(2),
X RESPON(3,1),ASTER(3),TEMPR(1),ASTER(1),TEMPR(2),
X ASTER(2), TEMPR(3),ASTER(3)
4100 CONTINUE
GO TO 3300
C AERELAETREN GET A NEW TEST PR T R B EURVSUR EVEUR L R R R XU X R R
4200 NEXT=1 :
RETURN
C s ede sk PLOT HARDCOPY P R R R R AR R R R R AR X R A R -2
4300 CALL VCOPY(2)
GO TO 3400
END
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EXTERNAL VALIDITY PLOT SUBROUTINE

SUBROUTINE PLOT(/MDIM/,/MARK/,/SCORE/,/GEOM/,/TEST/,
X /SUBJCT/ /SREAL/ /TREAL/ /SBASE/ /TBASE/,
X /N/, /RESPON/ /ANsw/ /NEXT/)
DIMENSION MARK(1), TEST(I) SUBJCT(I) RESPON(3,MDIM), ANSW(I)
C Pefe Yedr Fedevr ok DIMENSION STA]’EMENTS ******u*************#**s‘:#****
DIMENSION COORXF(5),CO0RXT(5),C00RYT(5),CO0RYF(5)
DIMENSION SC(4), xsc(u) TICS(I))
DIMENSION HISTXF(]O) HISTXT(]O) HISTYF(10),HISTYT (10)
DIMENSION PLOTXF(1), PLDTXT(I) PLOTYT(I) PLOTYF (1) ;
DIMENSION BOXX(5,3),B0XY(5,3)
DIMENSION IDATA(Z) Loc(u)
C PR R R R L & & 2] TYPE DECLARATIONS *************************i****#
INTEGER MARK,TEST,SUBJCT,SCORE, XSCORE, ANSW
INTEGER COORXT COORXF COORYT COORYF
INTEGER SC,XSC
INTEGER HISTXF,HISTXT,HISTYF,HISTYT
INTEGER PLOTXT,PLOTXF,PLOTYT,PLOTYF
INTEGER BOXX,BOXY
INTEGER IDATA, NARRAY :
C PRV R R R R R RV L R DATA STATEMENTS e e e M W e R e R kNN
DATA COORXF/200,200,200,200,200/ S
DATA COORXT/800,200,800,200,800/
DATA COORYF/200,200,200,200,200/
DATA COORYT/200,800,200,800, , 800/

DATA SC/° SCOR E— , , ‘/

DATA XSc/° xsco , RE= 7,7 o7 °/

DATA TICS/ ’,’ ST, 2 7,03 N, e T, s T
X 6 F 4 7 .8 I’I .9 4’1].0 I/

DATA BOXX/875 975 975,875,875,

X 875 975 975 875 87),

X 0,10,10,0,0/

DATA BOXY/10,10,85,85,10,
X 110,110,185,185,110,
X 990,990, 999, 999, 990/

DATA NARRAY/3/

C Koo dedkae THE SCORING FUNCTIDN LR RV R R X Re R SRV R R R L R R R AR R R R R
VALUE (X)=50.%AL0OG10(3.%AMAX1(.01,X))

G wwswswws COMPUTE THE STEREOTYPE SCORE ssessiiassss
TEMP=0. ’
PERC1=(1.~-SBASE-TBASE)/2.

PERC2=SBASE+TBASE

DG 200 I=1,N

PERC=PERC

E=1.

TEM=AMAX1 (RESPON(1,1),RESPON(2,1),RESPON(3,1))
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IF (ABS(RESPON(ANSW(I),I)-TEM).GT..01) GO T0O 200
PERC=PERC2
E=0.
DO 100 J=1,3

100 IF(ABS(RESPON(J,I)-TEM).LE..01) E=E+I.

200 TEMP=TEMP+VALUE (PERC)/E
XSCORE=TEMP

¢ www¥d% P OT THE COORDINATE SYSTEM xwwx

CALL VORG(MARK(1))
CALL FORMAT(1,8,0,SCORE,SC(3))
CALL FORMAT(1,8,0, XSCORE XSC(3))
CALL VCHAR(COORXF(I) COORYT(2)+50 SC,16)
CALL VCHAR(COORXF(I)+300 COORYT(2)+SO XSC,16)
CALL DATIME(2,L0C)
CALL VCHAR(COORXF(I) COORYT(2)+100,TEST,20)
CALL VCHAR(COORXF(])+2&O COORYT(2)+100, LOC(1),8)
CALL VCHAR(COORXF(I)+360,COORYT(2)+]OO,LOC(B),S)
CALL VCHAR(COORXF(1)+480,CO0RYT(2)+100,SUBJCT,20)
CALL VLINES(5,COORXfF,COORYF,COORXT,COORYT)
ISTEPX=(COORXT{(1)~-COORXF(1))/10
ISTEPY=(COORYT(2)-COORYF(2))/10
DO 300 J=1,11
MIX=COORXF{1)+(J-1)*ISTEPX
MIY=COORYF(2)+(J=1)*ISTEPY
CALL VCHAR(MIX,COORYF(1),"17,1)
CALL VCHAR(MIX-12,CO0RYF(1)- 36,T1CS(J),4)
CALL VCHAR(COORXF(Z) MIY, =7,1)
CALL VCHAR(COORXF(2)—60,MIY TICS(J),4)

300 CONTINUE

C ww¥xw%# PLOT THE PROBABILITY DISTRIBUTION w#ssx

D0 400 J=1,10
HISTYF(J)=0
HISTYT(J)=0

400 CONTINUE
DO 500 I=1,N
DO 500 J=1,3
K=RESPON(J,1)%9.99+1.
HISTYT(K)=HISTYT(K)+1
IF(ANSW(I).EQ.J) HISTYF(K)=HISTYF(K)+1

500 CONTINUE
ISTEPY=(COORYT(2)~-COORYF(2))
DO 700 J=1,10
HISTXF(J)=COORXF (1)+ISTEPX/2+(J-1}*ISTEPX
HISTXT(J)=HISTXF (J)
IF(HISTYT(J).EQ.0) GO TO 600
1 TEMP=COORYF (2)+{(HISTYF(J)=* ISTEPY)/HISTYT(J)

4

CALL VCHAR(HISTXF(J),ITEMP, » 1)
600 HISTYT(J)“COORYF(2)+(HISTYT(J)*ISTEPY)/(3*N)
HISTYF(J)=COORYF (2)

700 CONTINUE
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: CALL VLINES(10,HISTXF,HISTYF,HISTXT,HISTYT)
¢ wwswx PLOT THE REALISM LINES #wx=%
UNIT=FLOAT(COORXT(1)-COORXF (1))
YORG=FLOAT(COORYF (1))
XORG=FLOAT(COORXF (1))
IF({(TREAL.GE.O.) .AND.{TREAL.LE.1.)) TYI=TREAL
IF((SREAL.LT.0.).AND.(TREAL.GT.1.)) TY1=1,
IF((SREAL.GT.0.).AND.(TREAL.LT.0.)) TY1=0.
TEM=TREAL+SREAL
IF((TEMeGE.O.)«AND. (TEM.LE.1.)) TY2=TEM
IF((SREAL.LT.0.) AND.(TEM.LT.0.)) TY2=0.
IF((SREAL.GT.0.) «AND.(TEM.GT.1.)) TY2=1.
TX1=(TY1-TREAL) /SREAL
TX2=(TY2-TREAL) /SREAL
IF(ABS({SREAL).LT.(.01)) TXi1=0.
IF(ABS{SREAL) .LT.(.01)) TX2=1.
PLOTXF(1)=TXI1*UNIT+XORG -
PLOTXT(1)=TX2*UNIT+XORG
PLOTYF(1)=TY1*UNIT+YORG
PLOTYT(1)=TY2*UNIT+YORG
CALL VLINES(1,PLOTXF,PLOTYF,PLOTXT,PLOTYT)
CALL VLINES(1,PLGTXF,PLOTYF,PLOTXT,PLOTYT)
IF{(TBASE<GE<0.) .AND. (TBASE.LE.1.)) TYI1=TBASE
IF((SBASE.LT.0.).AND.(TBASE.GT.1.)) TYi=1.
IF((SBASE.GT.0.).AND.(TBASE.LT.0.)) TY1=0,
TEM=TBASE+SBASE
IF((TEMeGE+O.) . ANDJ (TEMoLEL1.)) TY2=TEM
IF((SBASE.LT.0.) AND.(TEM.LT.0.)) TY2=0.
IF((SBASE.GT.0.).AND.(TEM.GT.1.)) TY2=1.
TX1=(TY1-TBASE) /SBASE
TX2=(TY2-TBASE) /SBASE
IF(ABS(SBASE).LT.(.01)) TXi=0.
IF(ABS(SBASE).LT.(.01)) TX2=1.
PLOTXF (1)=TX1%*UNIT+X0RG
PLOTXT( 1)=TX2*UNIT+X0RG
PLOTYF(1)=TY1*UNIT+YORG
PLOTYT(1)=TY2*UNIT+YORG
CALL VLTYPE(2)
CALL VLINES(1,PLOTXF,PLOTYF,PLOTXT,PLOTYT)
CALL VLTYPE(1)
C **%% DRAW THE °“TEST AND PLOT’ BOXES #%=#x
CALL VJLINE(4,BOXX(1,1),BOXY(1,1))
CALL VCHAR(BOXX(1,1)+12,BOXY(1,1)+36, “TEST 7,6)
CALL VJLINE(4,BOXX(1,2),BOXY(1,2))
CALL VCHAR(BOXX(1,2)+12,BOXY(1,2)+60, ‘SCORE *,5)
CALL VCHAR(BOXX(1,2)+12,BOXY(1,2)+36, PAGE",#)
CALL VJLINE(4,BOXX(1,3),B0OXY(1,3))
CALL VPOSIT(ITERM)
CALL VTRUNC(ITERM)
CALL VSEND
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Ut ddrdwrak drade st Watdrdalr WY L dftd AR ENFLT RAANS

wrwexx WAIT FOR THE LIGHT PEN wutsrfddsrasddka®dddds
800 CALL PEN(IDATA,BOXX,BOXY,NARRAY,NBOX)
GO TO (900,1000,1100), NBOX
GO TO 800
900 NEXT=2
RETURN
1000 NEXT=3
RETURN
1100 CALL VCOPY(2)
GO TO 800
END
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:REALISM PARAMETER SUBROUTINE

SUBROUTINE REAL(/MDIM/,/N/,/RESPON/,/ANSW/,/SCORE/,

X /GEOM/,/SREAL/,/TREAL/,/SBASE/,/TBASE/,
X /PVAR/)

DIMENSION RESPON{3,MDIM),ANSW(1)

seunwawtnves TYPE DECLARATIONS ##ddsedsrd frd s fevdoddosn s dodr sravisy

INTEGER ANSW,SCORE
TwWwwn T THE SCDRING FUNCTION PR R3S R R 22T R R LR E-S- X L]
VALUE(X)=50.%ALOG10(3.*AMAX1(.01,X))
wHWwAY CDMPUTE THE REALISM VALUES EE R L RV R X R R L B D B R VLR
TSUME=0.

TSUMK=0.

TSUMPR=0.

TSUMP2=0.

DO 400 I=1,N

E=0.

DO 100 J=t,3

TSUMP2=TSUMP24+RESPON(J, I ) #=2

CONTINUE

TEM=AMAX 1 (RESPON(1,1),RESPON(2,1),RESPON(3,1))
IF (ABS(RESPON(ANSW(I),I)-TEM).GT.(.01)) GO TO 300
DO 200 J=1,3
IF(ABS(RESPON(J, I)-TEM) LE.{(.01)) E=E+1.
CONTINUE

IF(E«NE.O.) TSUME=TSUME+1./E

TSUMK=TSUMK+3.

TSUMPR=TSUMPR+RESPON(ANSW(I),I)

CONTINUE

TSCORE=0.

GEOM=1.

DO 500 J=1,N

TSCORE=TSCORE+VALUE (RESPON(ANSW(J)},J))
TEMP=RESPON(ANSW(J),J)

IF(TEMP.LT.(.01)) TEMP=.01

GEOM=GEOM*TEMP

CONTINUE

TN=FLOAT(N)

GEOM=EXP (ALDG(GEDM) /TN)

PBAR=TN/ TSUMK

DELTA=TSUMP2-TN*PBAR
SREAL=(TSUMPR~-PBAR*TN)/DELTA
TREAL=PBAR*(1.-SREAL)
SBASE=(TSUME/TN-PBAR)/(1.-PBAR)

TBASE=PBAR® (1.-SBASE)

SCORE=TSCORE

PVAR=DELTA/ TSUMK

RETURN

END
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LIGHT PEN CONTROL SUBROUTINE

SUBROUTINE PEN(/IDATA/,/BOXX/,/BOXY/,/NARRAY/,/NBOX/)
DIMENSION IDATA(1),BOXX(5,NARRAY),BOXY(5,NARRAY)
INTEGER BOXX,BOXY
C #*uswwdwrdesr WAIT FOR THE LIGHT BUTTON ###stsrdradutuns

CALL VLPEN(2,1,1000, IDATA,ITERM)
DO 100 J=1,NARRAY
1F ((IDATA(1).GE.BOXX(1,J)).AND.

X (IDATA{1).LE.BOXX(2,d)).AND.

X (IDATA(2).GE.BOXY(2,J)).AND.

X (IDATA(2).LE.BOXY(3,J))) GO TO 200
100 CONTINUE

J=0
200 NBOX=J

RETURN

END
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