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I. INTRODUCTION

Computer-assisted instruction has been said to (2) "be
comparable to Gutenberg's inventlion of the printing press in
terms of the potential effect it will have upon educatlion."
Stemming from a small idea in 1958, computer-assisted instruc-
tion has grown to a multimillion dollar investment. Thils
growth has been by no means the result of the computer indus-
try alone, for as we enter the decade of the seventles the
demand for more and continuing education 1s increasing.

John Goodlad (21, p. 10) in his book on Computers and

Information Systems in Education writes "American educatlon

has been guided by the following ideal: education 1s for

all Americans." Indeed the United States has long professed
equal educational opportunity for all its people. Yet much
of the "free" public education has not been equal to the in-
dividuals partaking in the process if for no other than eco-
nomic considerations the educatlion must be mass educatlon.
And when the educational process loses the individual as 1its
goal and concentrates on groups (classes, large lectures),

the "fast" student may be slowed, the "slow" individual may
be lost and only a few remain as being treated as individua}s.

In the introduction to Computers in the Classroom,

Margolin (32) writes: "There are many causes of the current
crises in education. New demands and new resources are con-

verging on thls normally conservative area at a pace never



before encountered. The pressures on education include:

1. The demand for education by an ever-widening popu-

lation, reaching almost from the cradle to the grave.

2. Conflicting demands for greater speciallization and
greater general adaptability to the tremendously
increased rate of change in the economy, coupled
with the need for rapid retraining and more general
education.

3. The need for more comprehensive education, making
the individual more flexible and allowing him to
participate more fully in our soclety.

4., The pressure to keep pace with the rapid social
changes and the increases in mobility and fluldity
of socilety.

5. The pressure for increased efficiency, centraliza-
tion, and knowledge."

Pressures such as these are not and willl not be easy to alle-
viate. As Stolurow (44) points out:

Computer assisted instruction (CAI) is not the panacea

for today's educational problems. . . . there is no

single solutlion to problems such as these.

Twenty years ago the term computer was scarcely in use
and our dalily lives were by no means dependent upon its use.
Yet today it 1s nearly impossible to proceed through a day
where a computer has not had some role in the day's activi-
ties. Educatlon also 1is caplitalizing on the contribution
a computer can make in its environment.

Although there are obvious business and record keeping
functions which can be performed, the greatest potential
for the computer in education is in the area of instruction.

Presently proceeding under CAI (computer-assisted instruction

or computer-aided instruction), CBI (computer-based instruc-



tion), CMI (computer-managed instruction), or a gulse of other
names, they all have the related objective of performing some
role in the student's learning process.

Although we have already proceeded through three genera-
tions of computers at least in terms of physical attributes
of the machine, computers in education are still in thelr
infancy stage in terms of uses. In order to proceed toward
the potential which the computer most likely has for education
a cruclal step must be taken, namely development. This study
was entirely developmental in nature and explored the feasi-
bility of using a computer for instruction by allowing the
student to guide himself through the lessons. Two further
considerations were made. One expressed by Rogers (37) 1is
that the mode of instruction should be compatible with the
subject matter, the subject matter in this study being statis-
tics. The other consideration was that of using a relatlvely
small computer but one which had a Cathode Ray Tube (CRT)
and a Teletype to interact wlth the student.

Previous studies on using a computer in teaching statis-
tics have been approached from using the computer as a high
speed calculator-problem solver. Many hours of time consuming
hand calculations could be elimirated by a use such as this.
One example of this is the work done by Cooley (13) where
students moved through a series of simulated computer experl-
ments "designed to famlliarize him . . . with: random number

generation . . . sampling distritution of the correlation



coefficient." Both batch processing of student problems and
tutorial-type lnteraction at a terminal were used. An attempt
was made to use the terminal to question the student on his
problem but it was "concluded that this is too inefflclent
}of computer time and terminal time."

In this study the computer 1s to be used for instructlon
and demonstration, not calculation. The calculatlng capa-

bilities are secondary and used for instructlon purposes.
A. Statement of the Problem. - -

The problem of this study was to investigate the use
of a small, general purpose computer, namely the PDP-12 (Pro-
grammed Data Processor-lz); to present certaln statlistlcal
concepts. Involved in the study was the consideration and
feasibility of presenting material in an adjunct manner, 1ln
addition to the feasibility of using the system of the PDP-
12's size for CAI. To be consldered in éhe two modes of
presentation, the CRT and the terminal, was the ability of
the system to allow the student to guilde himself through the
statistical concepts selected.

Four subprqblems were studied: (1) the feasibility of
using a computer of this size for instructional purposes;
(2) the development of curriculum material to be presented;
(3) the development of the necessary software to lmplement
the curriculum; (4) development of a way in which to best

create lessons or units within a concept.



B. Purpose of the Study

The study had several maj)or purposes. The flrst was
the development of an approach to be used for presenting
selected statistical concepts in a student controlled en-
vironment. By allowing the student to experiment in the use
of a concept and by presenting it as graphically as possible
it was thought an intuitive approach to statistics could be
obtained. Since the approach was to be somewhat unstructured
to the student, 1t needed to be very well structured in terms
of monitoring the program.

A second purpose of this study was the development of
the software to present these concepts. Several considera-
tions were made, the most lmportent one beilng the size of
the computer on which this type of instruction was being
planned but also a prime consideration in choosing the machine
was the available storage area and the type of display device
available.

The study was designed with the computer being a comple-
ment to the teacher, not a replacement. The computer would
not be a stand-alone device which could administer a complete
lesson. But it was felt that the instruction the computer
was to perform was unique and could not be readily presented
by another mode of teaching. The Cathode Ray Tube would per-
mit rapid display of points along with the deletion and addi-

tion of varilous points and the calculation of the parameters



involved.

Software to be developed was to include arlthmetlc rou-
tines, display routines and input-output routines. Also a
method of building units from a building block approach was
to be developed. These bullding blocks consisted of routines
which would print, display points, accept points, and perform
functions similar to these as needed. The purpose of these
routines was the desire to construct teaching units as easilly
as possible.

The general purpose of this study was to examine the
feasibility of using a computer of limited slze to present
selected statistical concepts through graphlical means at an
elementary intuitive level. At the inception of thils study
the IBM 360-65 did not have as a part of its time sharing
facility a CRT which would adequately handle displaying of
a variety of points. The PDP-12 was also chosen since to
the author's knowledge such a computer had not been used for
CAI on an individual basis.

This study was developmental in nature and an objective
evaluation was not undertaken. The examination of the feasi-
bility of the proposed system was the main concern of this
research. The development of the system was felt to be a

sufficient examination of the feasibility of the concepts.



IT. REVIEW OF LITERATURE

In 1926, Sidney Pressey wrote (36, p. 374):

The average teacher is woefully burdened by such
routine of drill and information-fixing. It would
seem highly desireable to 1ift from her shoulders

as much as possible of this burden and make her

free for those inspirational and thought-stimulating
activities which are, presumably, the real function

of the teacher.

- Visualized by Pressey 1n hils original work on a teaching
machine and also recommended by him was what he called "ad-
junct autoinstructional programming." His use of the term
ad junct was that this teaching machine was only part of the
entire education process, but adjunct was not used with the
denotation of being secondary. Until Pressey's work was
picked up by Skinner, programmed instruction was essentially
forgotten (40).

Skinner (40, p. 966) revised Pressey's work advancing
the concept of programmed instruction. Stating that "the
demand (for education) can not be met simply by building more
schools and training more teachers" he went on to present
his observations of why a teaching machine had werit. They

were:

1. There is a constant interchange between program
and student.

2. Like a good tutor, the machine insists that a point
be thoroughly understood . . ..

3. The machine presents just that material for which
the student is ready.



4. The machine helps the student to come up with the
right answers.

5. The machlne reinforces the student for every correct
response.

The manner in which he was conceliving programmed lnstruction
was not to be a reality until the advent of the computer.

The first recorded instruction using a computer was the
now historic project of Anderson and Rath in 1958 as reported
by Atkinson and Wilson (2). At the IBM Wastone Research
Center a computer was used to teach binary arithmetic and
since their first simple experiment, the area of computer
assisted instruction has grown many, many fold.

Computer assisted instructicn is often broken down into
three areas or levels. These levels as defined by Suppes
(45) are:

1. Drill and practice

2. Tutored system

3. Dialogue system.

In addition Zinn (52) defines instructional uses of the com-
puter in two more modes, those being simulation and scholarly
alds.

This investigation will not attempt an exhaustive search
of the literature in each of these areas. Several complete
reviews have been done by Hickey (27) and MeClain (31). Since
the concern of this thesis lies mainly in the scholarly alds
area, only the highlights of the other four areas will be

mentioned. Then the remaining portion of this chapter will



be divided up into reviews of scholarly aids, and a learnlng

theory basls for scholarly alds.
A. Drill and Practice

Since this 1s a direct application of Skinner's theory
of stimulus-reinforcement and one of the more developed areas
of learning theory it also was one of the first areas to be
developed for computer use. Suppes's (45) work at Stanford
1s probably one of the most widely known projects 1in the fleld.
The original work began in 1964 and the longitudinal evalua-
tions of his work are just beglnning to be realized. The
Stanford project is devoted wainly to mathematics and foreign
languages, two subjects which have a fairly well set of struc-
tured rules behind them. The evaluations being conducted by
Suppes are not completed but he has gathered evidence that
this type of instruction is at lcast as effective as tradl-
tional instruction and further that additional benefits of
increased independence of the student can be obtalned.

In addition to Suppes' research with elementary students,
research has been conducted vy Uhr (50) to design a system
in which drill and practice problems are generated from a
set of rules. This was a very useful undertaking since the
teacher interaction with the computer is high in terms of

-developmental. time.
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B. Tutorlal Systems

Suppes (45) defines the tutorial systems 1in that the
"gim 1s to take over from the classroom teacher the main
responsibility for instruction." Thils 1s an argument many
people would not agree with, feeling the computer should
supplement the instructor, not supplant him.

Stolurow (43) sees the instruction in this mode as belng
designed by an instructional staflf while the instructlonal
"logic to be used for a particular student will be one that
is generated by the system, based upon information 1t contalns
about the student and about what factors make a difference
in instructional effectiveness."

Several CAI languages have been developed in this area
to aid in the development of lessons. Systems Development
Corporation's PLANIT (28) and IBM's COURSE WRITER are two
of. the more widely known languages 1in this area. While CAI
i ianguages exlst for use in a large system, no language could
be found for a system the size of the PDP-12.

The tutorlal system should be designed with enough flexi-
bility so that the slowest student does not fall yet the most
intelligent student does not get bored. For the tutorial
system to functlion as a tutor more work needs to be done 1in
the area of identifying and prescribing instruction for indi-

vidual differences.
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C. Dlalogue Systems

In a dialogue system a "natural language" approach to
communicating with the learner 1s used. It 1s the hlghest
level of interaction with the student and 1s still at the
cutting edge of CAI development (47). Technical problems
are the major hindrances at this time with recognition of
the spoken or written word a major problem.

Projects which have been undertaken include the medlcal
diagnosis by Feurfeig and the use of a dialogue system 1in
the guidance and counseling area. The system used by Ellls
on Information System for Vocational Decisions used sentence
decomposition rules in order to understand the inquirers of
the system. Although not all sentences could be decomposed
correctly, communication between student and computer was
possible.

Other efforts to develop procedures to handle the English
language have been undertaken by Simmons et al. as referred
to in Borko (6). Stolurow refers to the dialogue system as In-
quiry (44), stressing the greatest asset of the éystem is that
the student needs only ordinary communication skills to use the
system. Again the abllity of the computer to use English

sentences as input is a problem.
D. Simulation

Simulation and gaming are yet another facet of CAI. The

underlying basis of simulation is the processing of a given
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input through a model from which various algorithms have been
programmed. Since the simulatlon is for instructlional pur-
poses most models are designed to increase the probabllity

of the learner making desired decislons.

Varlous management games concerning the business world
have been implemented to date. Included are models ranging
from ciﬁy management (27), to the buylng and marketing of
goods 1n various businesses. The decision making process
which 1s to occur may be controlled by the algorithms lnter-
nally, the instructor or other players in the simulatlon,
or by both.

An area where simulation has been somewhat lacking 1is
that of the soclial sciences. Although it 1s entirely the
author's speculatlon, the lack of theory upon which to base
models and their simulation may be one reason for this ab-
sence. A recent example of simulation in the soclal sclences
is a dissertation by Thomas (48), using the computer to teach

experimental deslgn in the social sclences.
E. Scholarly Alds

The area of scholarly aids includes parts of all the
other modes of CAI plus some unique contributions of its own.
To avold sounding as if scholarly aids is a catchall for CAI
which doesn't fit any other classification some specific ex-
amples will be given. One of the ways in which a computer

may be thought of as a scholarly aid is in the area of problem
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solving. With 1ts considerable speed and calculating ablllty
problems which were realistic but impossible to assign in the
classroom can now be given and solved. At Iowa State Unlver-
sity some introductory level statistlcs courses use a language
called OMNITAB to aid in solving problems. This could be con-
sidered using the computer as a scholarly aid.

A further consideration for a scholarly aid 1s in the
storage and retrieval of vast amounts of information. The
information stored may be the primary purpose or it may be
an auxliliary to the problem solving mode, where if a student
needs more information to solve his problem he has 1t readily
avallable. Marks (33) has developed a pllot system in which
the student is in control of his learning environment. It
consists of "a problem solving environment with an information
file system to produce a powerful learning tool." Branstad
(7) has carried this system further and developed a CAI system

to teach formal computer languages.
F. Theory for Scholarly Aids

A criticism which has been directed toward the field of
education and toward the preparation of "effective" teachers
has been the lack of theory upon which instruction is based.
As Stolurow has stated "CAI makes our meager knowledge of
teaching patently obvious."

Teachling and learning are obvliously not contaglous terms.

As Ausubel points out (3), B. 0. Smith presents the idea that
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effective teachling may not necessarily be assoclated with the
same model as effectlve learning. A problem with thls type

of approach ls that teaching without learning is not effective
teaching. A definition of teaching given by Ausubel (3, p. 11)
seems qulte acceptable for CAI:

By teaching we mean primarily the deliberate guldance

of learning processes along lines suggested by relevant

classroom learning theory.

The procedure of CAI 1s the guiding of the learning
process through the use of a mechanical device. Brunner (10)
refers to three types of instructional devices, Type I belng
"devices for vicarlious experience" such as films, TV, and
books. Type II he defines as sequential programs which "have
the function of helping the student grasp the underlying
structure of a phenomenon." The essential point of Type II
is the sequential aspect, assuming certailn orders of presenta-
tion are better than others for a glven subjéct area. The
third type he has labelled as "automatizing devices" consist-
ing of teaching machines to ald in learning.

The third type of device appears to be dependent upon
I and II in that if it is to be essential it must also be a
"vicarious experience" and the "orders of presentation of
material and ideas . . . (should be) . . . more likely than
others to lead the student to the main idea." How this auto-
matizing device is to be used 1s an extension of the "arts
of teaching" since the science of teaching is still somewhat

lacking.
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Brunner's (10) expressed theory then on the use of these
devices can be summarized as follows:

How these aids and devices should be used in concert

as a system of aids is of course the interesting

problem . . . In sum, then the teacher's task as

communicator, model, and identification figure can

be supported by a wise use of a variety of devices

that expand experience, clarify it, and give it per-

sonal significance. There need be no conflict be-

tween the teacher and the aids to teaching.
Brunner's comments seem most appropriate for applying CAI
in an educational setting. His concept of intuitive learning
also seems to have merit with respect to a theory of instruc-
tion for the type of instruction proposed in this study. He
defines intuition as follows:

Intuition implies the act of grasping the meaning or

significance or structure of a problem without explicit

reliance on the analytic apparatus of one's craft. It

is the intuitive mode that ylelds hypothesis quickly,

that produces interesting combinations of ideas before

thelr worth is known (9).

Ausubel has reacted to Brunner stating that possibly
he has attempted to place too much faith in the intuitive
approach. While Ausubel states that "by using an intuitive
approach it is possible successfully to teach the elementary-
school child many ideas in science and mathematics,” he later
expands on this. "Some abstractions are so inherently 4diffi-
cult or complex that they can not be made intuitively under-
standable to children below a certain cognitive maturity . . .
Certain abstractions become relatively useless when restruc-

tured on an intuitive basis (3, p. 213)."

Perhaps the immedlate use of CAI will not be as oriented
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as much toward an instructional device as it will be used as
a research tool for testing models and theories of learning.
Stolurow (43) puts forth this thought and goes on to deline-
ate the process involved in ?utting a theory into practice
on a computer. Although a theory may be complex and the
strategies for its implementation surrounding it may be com-
plex, if it can be well defined 1t.oan be programmed and
processed.

The processes involved in formalizing a CAI program on
a teaching theory as listed by Stolurow (43, p. 66) are:

1. The events must be defined.

2. The time sequence of the events must be mapped.

3. A description of the task (teaching) must be made
in relationship to the subject matter.

4. A CAI system is chosen for the computer-student
interaction.

5. The instruction materials are verified, in that
they will run on a system.

6. To validate a model or theory, the system must
be replicable.

Using Brunner's theory of instruction Grubb (24) undertook
a study defined as “learner-controlled statistics." The pur-
pose beilng to "direct the student through planned learning
sequences and prompt him towards insightful solutions." 1In
an attempt to recognize individual differences each student
was allowed to "map" his own path through the course.

The system used was the IBM 1500 Instructional System

utilizing a CRT keyboard and light pen. Observations up to
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this point indicate potential advantages and disadvantages.
One of the advantages was each student's path through the
materials 1is recorded, which allows the instructor some 1in-
sight into what material is of wmost interest and to which
students. It was featured that students now knowing which
lessons to choose could be gulded by what previous students
had taken. A major disadvantage to a learner-controlled
approach was in the size of computer-storage needed. The
ratio.of statements needed to present the same concept through
a structured approach versus a learner-controlled approach
was 1 to 5.

Cooley (13) found after using a computer to assist in
the instruction of statlistic courses in three different modes:
(1) tutorial-dialogue, (2) exposition method, (3) computa-
tional exercises, that "CAI is most approprlately employed
in the numerical demonstration of statlistical concepts and
for statistical laboratory exercise instruction."

In addition to Grubb's and Cooley's projects on using
statistics, McClain (31) recently completed a study developing
probability units for statistics. 1In his research also done
at Iowa State University, IBM's Conversational Programming
System (CPS) was utilized in the design of an author language
and control of the CAI system. Although no structural evalu-
ation of the project was planned some of the weaknesses and
strengths of the system were evident. The use and interest

of students trying the system was encouraging. One of the
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problems encountered in lesson preparation was the difficulty

of correcting errors or changing program and/or text.
G. Summary

In relation to this study the work that has been done
in learner-controlled statistics is limited. An area of con-
cern to all those who have worked in CAI has been lack of a
teaching theory on which to pattern instruction. An appro-
priate summary of what has been and what will be is presented

by Max Rafferty in the foreword to Data Processing for Educa-

tion by Grossman and Howe (23):
No one can foresee the ultimate contribution of
these amazing instruments, but most knowledgeable
scientists and scholars are convinced it will be
immense . . . education is not exempt.
The educator who sees the computer as an oversized calculator

has missed the essence of the computer evolution.
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III. DESCRIPTION OF THE CAI SYSTEM

Thls research project was undértaken to study the feasi-
bility of using a computer of limited size to present selected
statistical toples. Since to understand the CAI system a
knowledge of the computer sy:tem is needed this chapter will
describe the various components used. Three parts are dls-
cussed: (1) the hardware component, (2) the software com-

ponents, and (3) the educational component.
A. The CAI Hardware Component

One of the major feasibility aspects of this study was
to examine the use of a small computer for the purposes of
CAI. Also a computer having both a Teletype and a Cathode
Ray Tube (CRT) was needed. The computer which met these re-
quirements was the PDP-12 (Programmed Data Processor-12).

The PDP-12 was developed by Digltal Equipment Corpora-
tion and was one in a series of PDP computers. Although
basically an in-laboratory computer it was defined as a gen-
eral purpose computer. The PDP-12 was available in three
configurations of varied capsbilities. The system available
at JIowa State Universlty consists of a basic system with a
core memory of 4096 (4K) twelve bit words. It is possible
to expand this system to 32,768 (32 K) bytes of core memory.

In addition to variation in core memory, peripheral

devices and other options are available. These include a
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CRT, a Teletype, tape transports, analog handling input capa-
bilitles, and six relays for controlling external equipment.
Those devices of interest in this project were the CRT, the
Teletype and tape storage avallable.

Core memory was divided into 4 segments of 1 K each of
which only two segments are avallable at any one time. One
segment was designated as the instruction field and the other
was the data fleld. The instruction and the data field do
not necessarily need to be contiguous nor do they need to be
distinect from each other. Data flelds may be changed at any
point in a program and were 1n effect as soon as the instruc-
tion (LDF) was given. But the instruction field was changed
only after a change of instruction field (LDF) and a jump
(JMP) to a location with the new fleld was given.

The CRT, a Type VR12, has a 6.5 x 9 inch or 58.5 square
inch screen on which individual points and charcacters can be
displayed. The grid dimensions, in points available, were
512 points by 512 points for a total of 262,144 points avail-
able for display. The horizontal and vertical distances be-
tween points were not equal with horizontal dlstance being
0.0176 inch and the vertical distance being 0.0127 inch.
Full-size and half-size alphameric characters can be dis-
played by using one of the two display instructions and the
Special Function Register (ESP).A The display instruction
of most concern in this study was point display (DIS). The

approximate time to display one point is 23 microseconds.
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Branstad (8) states points need to be regenerated at a rate
of 33 per second to remailn flicker free. A conservative
estimate was therefore made that approximately 1000 points
could be generated if all points resulted from the routine.

The input/output device used was a Model 33 ASR Teletype.
It was the primary device used for entering programs and
building the CAI units. In addition to the keyboard and
printer, the Teletype was equipped with a papertape reader
and punch. The maximum character rate transfer for either
input or output is ten characters per second while data may
be transmitted as either input or output simultaneously.

Two magnetic tapes were utilized in addition to the basic
4 K of core storage. The LINC tape system consisted of two
DEC tape transports TYPE TU55 on a completely buffered sub-
processor. One read/write head was utilized for the 10 track
tape. Three tracks were utilized for data and 2 tracks were
used by the tape processor for control. The other five tracks
were utilized fof redundantl&vrecording the same bits of infor-
mation.

The tapes were organized in blocks, each tape containing
512 blocks and each block containing 256 twelve bit words.
On each tape certain sections were reserved for the DIAL-2
system, and therefore not available for CAI use or program
storage. The LAP-6, DIAL-2 system utilized 120 blocks leaving
the remaining blocks available for program storage.

The PDP-12 had two programming modes available, one the
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LINC mode and the other the PDP-8/I mode. Both modes have
equal status and can be used interchangeably throughout a
program. The LINC mode was selected and the LINC language
was used, although input and output instructions needed to

be in the 8-mode. The LINC mode consisted of 65 instructions
under the eleven functions of add, multiply, load, store,
shift, operate, logical operations, skip, I/0, memory, and
LINC tape.

At Iowa State University the PDP-12 was an open shop
operation where the user was in complete control of the com-
puter. Since this meant consideration of how a student was
to get on and off the machline several switches on the console
needed to be set. The console itself was located within the
entire computer setup and was an intrinsic part of the system.
To initiate the routine the LEFT and RIGHT switches on the
console needed to be set in addition to depressing the I/0
PRESET, DO, and START-20 switches in a given order. To assure
this would be done, directions concerning the correct pro-

cedure to be used were given and are present in Appendix A.
B. The CAI Software Component

The basic language which was used in this study was the
LINC mode language. Several languages were avalilable on the
PDP;12 with the LINC, PDP-8/I, and FOCAL-4K the ones available
at Iowa State University. Several factors were considered

in the language used. Since this study was to examine the
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feasibility of using a computer of limited size for the pur-
pose of CAI, a high level CAI language was not felt applicable,
although concern was expressed over the ease at which future
units or concepts might be bullt.

The familiarity with the language and ease with which
it could be programmed were prime considerations for choosing
the language. As previously mentioned 65 instructions under
eleven functions made up the language. The PDP-8/I language
was utilized for the input and output of characters since the
LINC mode could not handle this input and output function.

It was the intent of this study to use as much of the
exlsting software as possible. For this reason the LAP-6
monitoring system was employed. It was thls system which
allowed the lesson designer to enter units at the terminal,
edit hils programs, save programs in elther source or binary
mode, and a variety of other functions up to and including
assembly and loading binary into core memory. The LAP-6
system also detected certaln programming errors such as un-
defined symbols and tags, double use of tags, exceeding push
down stacks and errors of this nature.

The LAP-6 was also the system used to build programs
and lessons. Programs could be built using any or all of
three systems. On-line programming was one of the methods
used to bulld programs. By entering programs via the Tele-
type, lessons or routines could be built with the current

lines being displayed on the Cathode Ray Tube. The second
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method utilized to bulld programs was paper-punch tape.
Repetitive routines or portions of programs were prepunched
on paper tape and then entered as needed in programs.

The third method of building programs used several fea-
tures of the DIAL-2, LAP-6, system. Routines or portions
of programs could be saved using the Save Program (SP) com-
mand. This saved program then could be inserted at any polnt
in the program by having the linec after which the program was
added be the current line. Thenbﬁhe coﬁmand Add Program (AP)
was given along with the name under which the program had
been saved.

Programs were saved by assigning one to six characters
as the program name. By giving the display index (DX) com-
mand, the names of the programs currently on file were dls-
played on the CRT. In addition to the program name the total
number of blocks utilized by that program was given. Total
avallable file space for program storage was 384 blocks.

Although the text portion varied from unit to unit and
the order of presentation varied, certalin routines necessary
to carry out these functions remained the same.

The building blocks were PRINT, ADPT, DELETE, DSPP, LINE,
and ASK respectively. Access to these routines was accom-
plished by performing a JMP routine instruction. For the
lesson designer one additional aspect to the bullding blocks
was needed, that being setting the beta register. The filrst

15 registers of an instruction field were known as beta regis-
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ters. They were used for direct and indirect addressing,
and they could also be used as counters.

These registers were set by elther a SET instruction
or by placing values in thelr address through the accumulator.
Using the SET instruction provides for a stralght forward
manner in which an address or value was stored by a lesson
designer. Two examples of these routines were the print rou-
tines and the displaying of points and lines. By utillzing
all three methods of lesson bullding a bullding block approach
to lesson design was used.

It was intended that someone with a minimal amount of
understanding of the PDP-12 could design lessons. Through
the use of the building block approach and the LAP-6 system
a simplg yet powerful method of lesson bullding was devel-
oped. LAP-6-DIAL-2 is defined as "an editor, filing system
and assembler for use with the PDP-12 computer (15)."

The editor has capabilities of adding and deleting indi-
vidual lines and characters or deleting entire pages. It
was especlally useful in the correction of the text to be
printed. By using the moveable cursor, spelling or spacing
errors could be quickly corrected and additional text added.

As was mentioned previously, a bullding block approach
to lesson designing was undertaken. The ﬁajor routines
written as capable of being added directly were print, add
points, delete points, display points, display line and

accepting student input routines.
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The print routine, PRINT, translated chopped ASCII code
into full ASCII code and printed the character. The print
routine was initlated by setting register 11 to the locatlon
of the first reglster. The locatlion does not necessarlly
need to be in the same segment as the routine, only the abso-
lute address needs to be given. Printing continued until
the symbol was encountered in ASCII code.

The function of the add point routine was to allow the
user to enter data points through the Teletype. Polnts could
be added to existing storage or an entirely new set of points
cquld be added. The storage utllized was that part of storage
not currently being used in the active segment from reglsters
1700 to 1777. Checks were built into the program to lnsure
only acceptable points were entered and the maximum number
of points was not exceeded.

The delete point routine functlons approximately the
same as the add point routine. When a data pair was entered
to be deleted, the current storage area was searched in an
attempt to find the point. If it was not found, the user was
told the point could not be found. If the point was found,
the data pair located in the last storage location was moved
into the deleted position and the point counter was reduced
by one.

The display rouﬁI;e displayed the points currently
located in the locatidns 1700 to 1777. The number of points

to be displayed was set through the length register. The
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coordinates of a point were both placed iIn a single 12 bit
register. The leftwost six bits contained the X coordinate
and the rightmost six contained the Y coordinate.

Although the cholce was somewhat arbltrary the polnts
needed to be integer values and range from 1-15. The distance
between the points was also arblitrary to an extent with the
distance display points 5eing 40 CRT micro-points. The dis-
tance between these micro-points is 0.0176 inch horizontally
and 0.0127 inch vertically, the distances reflecting the
9 inch by 6.5 inch screen. The approximate distances between
display points was then .7 inch by .5 inch.
| In addition to displaying points the ordinate and ab-
sclissa were also displayed with the approximate numeric hash
marks. This routine was later abandoned when the routine
was found to be too tlme consuming for display generatlon.

One additional display routine was utilized in this study,
that being a line routine. The line was generated one point -
at a time by using the slope and the intercept. Polnts were
generated from left to right by starting with the intercept
and adding a cummulative slope to it. Both positive and nega-
tive slopes could be generated. The intercept had to be less
than 31 and greater than -15, with the starting point on the
axls being corrected accordingly. The slope and the intercept
were entered through the two beta registers 15 and 16.

Accepting student input was accomplished through a very

short input routine. When input was to be accepted a JMP
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IN command was given. This caused the program to jump to

the input routine. When a key was struck the lnput was placed
in the accumulator and the routine returned to the lnstruction
immediately following the jump instructlon.

Several additional routines were utilized from one unit
to another. One of the routines was a transfer routlne,
TRANS, used to move points from the data segment or an unused
segment to the instructlon segment. Three control routines
were used to control the display of points and lines. ROUT1
controlled the display points only, ROUT2 controlled the dis-
play of points and lines simultaneously, and ROUT3 controlled
the display of two lines and a set of points. All three rou-
tines' primary function was to control the length of the tlme
a display was held on the screen. A display would generally
remain untlil the user struck the key.

The third routine differs from the other two in perform-
ing an additional function of register exchange for line gen-
eration. Since at times it was desirable to display two lines
without duplication of the iline generation, routine ROUT 3
was used. The routine baslcally exchanged the.contents of
the two registers whlch the line display needed. As will
be mentioned later anotner aspect of this routine was the
differential rate at which the two lines were generated. The
logic behind this was a way of polnting out the differences

between the solid and the flickering line.
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C. The Educational Software Component

The teaching strategles used and the type of curriculum
material to be presented were the third consideration of the
system used. It was felt the teachling strategy to be used
and the material to be presented were interrelated. Further-
more the educational software was connected to the computer
software and the computer hardware.

The area of statistics was chosen as the curriculum con-
tent area. The curriculum content of the two introductory
level statistics courses in The Professional Studies area
of the College of Education was selected. More speclfically
two toplcs, correlation and simple linear regression, were
selected. These two topics are presented in Appendix E.

The general phliosophy behind the approach taken was
the concept of the computer performing in a manner a teacher
or a book could not. Tnat 1s, the computer should be able to
make a unique contribution to the learning process in conjunc-
tion with the teacher, the book, and the other media to be
used. Pressey referred to this type of instruction as adjunct
instruction.

The teaching strategy developed was greatly dependent
upon the size of the computer, the Cathode Ray Tube, and the
terminal. A programmed leaing approach was not attempted
or felt desirable. Instead an approach which ailowed the

user to interact with Tne computer was used. Thus an intui-
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tive approach to learning was taken.

The intultive approach was such a student would be
allowed to explore a concept for as long or as often as
he wanted. By making inputs in the way of deleting or adding
points to a scatter plot, he could rote changes and determine
immediately if soume idea he has on a concept was correct.

In order to successfully use the intuitive approach
certain assumptions had to be made at various points in a
lesson with respect to previous or present knowledge. To
insure this knowledge two approaches were used, supplemental
material and lessons designed to present material directly.

Therefore some instructional units consisted of text
and displays with very little interaction with the student.
After initial viewing and trial it was felt that asking stu-
dents questions as they proceeded through this material would
increase the machine-student interactlion. Also the response
an individual gave would then give him a yardstick to measure
his understanding.

The responses glven were not checked by the computer
for their correctness. Questlions were asked only when an
estimete was needed. For example, i a scatter plot was shown,
a questv.on was asked to estimate the correlation coefflcient.
The answer was checked to deterzine i there was a sign, a
decimal point, and two digits. One of the reasons an exact
check was not usel was the accurécy involved in the calcula-

tions versus the value enterec externally. The calculation
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routines will be discussed at a later polnt.

The level at which the introductory statlistics courses
in Education are offered is such that understanding and appre-
clation of general concepts 1s as important as actual manipu-
lation of formulas. By providing a method of allowing the
student to "see" what 1is involved in a concept, less appre-
hension of the formulas involved and a better understanding
of a concept should result.

The teaching strategy was such that when a student began
using the system the first output he received was an lntroduc-
tion to using the computer, from this he selected a concept.
Appendix B contains an example. After the concept has been
selected a unit is selected. It was proposed and computer
programs were written to allow a student to interrupt the
program and select a new unit at any point in a progran.
Figure 1 deplcts the logic to accomplish this.

The interrupt feature was incorporated in only one unit
of each concept, that being the first unit. Problems resulted
in turning the interrupt on and off throughout a program since
the interrupt to be used was connected with all peripheral
devices. Included among these was a clock which malfunctioned
in the early part c. this research and was not replaced.

The clock was to be used when the computer was walting
for a response. If after two minutes a student did not re-
spond a reminder wou.l ve sent vo him. Then after a set num-

ber of reminders a warning would be sent for an immedlate
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response, or the program would be terminated. If thils could
be incorporated the effect of a student leaving in the middle
of a lesson or falling to stop the machine when finished would
be wminimal.

Although the lasson interrupt approach was not function-
able it was still possible to stop within a unit and go to
the unit selection position. This could be done by stopping
the processor and reinitiating the program. This would amount
to starting over but would allow for unit selection.

The teaching strategy employed was to an extent optional
and to an extent fixed. The purpose of the project was to
use the CRT, the Teletype and the computer as a unit and
stress the Cathode Ray Tube for concept exploration. There-
fore the teaching strategy would be a function of how the
buillding blocks for a lesson were assembled.

The lessons were designed so that a student could guide
himself through a concept as he felt necessary. Yet, there
was enougn direction given so that exploration would take
place in a logical, wmeaningful manner. Formulas associéted
with a technigque were not stressed and usually not given since
it was felt another wode would better do this.

As mentioned previously, the two concepts chosen for in-
structional units were c.rrelation and regression. From the
investigator's expcilence in tutcring students in statistics
tnese were two areas often wlsundersctood. The concepts in-

ciuCed areacs wnere a scacter plot had some meaning in describ-
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ing the sltuation.

The decision was made to introduce regression prior to
correlation which was to be explained in terms of regression.
Several textbooks also use this approach, namely Snedecor and
Cochran (42) and Huntsberger (30).

Each concept was divided into seven parts. The filrst
unit in each concept was the same and is listed in Appendix
C. The purpose of the unit was to present a listing of all
the units avallable to a user. From this listing a selection
as to which units he wanted to view could be made.

The remaining six units of each concept will be described
in the remainder of this chapter. The regresslon concept will
be described directly.

The second unit was on plotting a line. The purpose
of this unit was to introduce how lines are plotted. By
supplying the slope and the intercept an individual should
be able to plot a line. The equation of the line was given
and then the line was graphically displayed on CRT. An iden-
tification of the two numerical components was made and the
user was asked to change flist the slope, then the intercept
and then the display.

At the end of the unit the optlion to continue adding
more slopes and intercepts, go on to the.next unit, or go
on to some other unit was given. This unit prefaced the
actual statistical units and servad as a supplement to those

wno needed it.
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The introduction to regression was made in unlit three.
The method used to introduce the unit was such that the least
errors squared principle was stressed although not stated.

A scatter plot was displayed first. To this scatter plot

was added a possible location of a given X value. Next the
line representing the mean was shown and finally the regres-
sion line of Y on X was shown. An explanation of what 1s
meant by regressing Y on X is gilven and the last dlsplay shows
both lines. 1In order to distinguish between the two llnes,
the regression line of X on Y was made to flicker.

Unit four explained the basis of linear regression,
namely the least squares principle. This was done by taking
a set of points and removing all but one point. Error was
then defined to be the vertical distance between the point
and the line. It was then noted if you have only two points
the line passes directly through them without error. Next
three points and the assoclated regression line were shown.

When a person reached unit five or if he selected unilt
five he could begin experimenting with some data points.

Unit five was tTherefore designed to let the user enter data
pairs and then scatter plot would bpe displayed. In addition
the regression coefficients were calculated and the regression
line was displayed. As part of the caiculation routine the
means of X anc Y were printed, along with the regression model
and the correlation coerfic.ent.

Once a set of “ata nad been entered, additional points
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could he added or deleted or a new set of points could be
entered. It was hoped a student would explore using thls
unit. To insure exploratlon by a student on certain polnts
unit six was added.

Unit six was to show the effects of points which were
extremely deviant from the scatter plot. The effects of
deleting these extreme polints were next shown with an appro-
priate discussion. The student was then encouraged to add
or delete extreme points to note thelr effects.

Unit seven was originally designed to display confidence
regions for the predictions made. This was later abandoned
and replaced with a unit which gave instructions to the user
on how to sign off. It also provided for the reloading of
the beginning of the CAI program where the concepts were
selected.

The units in the correlatlon cohcept were establlished
in approximately the same order as the units in the regression
concept. Units two, five, six and seven were l1ldentical in
purpose except adapted to correlation. The third unit within
the correlation concept was connected very closely to unit
two of the correlation concept.

The purpose of the second and third units was to estab-
1lish an understanding for the meaning of correlation. Vari-
ous scatter plots were displayed with either the correlation
coefficient directly =xpressed or the user first asked to

give an estimate of tne correlation. The correlations dis-



played ranged from 1.00 to -1.00. When a correlation coef-
ficlent was entered by a user, a check was made on the sign,
the decimal point, and two digits. Stressed then was the
direction of the relationship and the idea the relationship
was either perfect, 1.00, or less than perfect and denoted
by a decimal number.

Unit four examined the relatlonship of correlétion and
regression not just from an algebralc standpoint but also
from a geometric point of value. The angle formed by the
two regression lines of X on Y and Y on X is directly related
to the correlation between X and Y. The correlation is the
cosine of this angle. Also the correlation may be expressed
as the square root of the product of the slopes (beta coef-
ficient) of the two regression lines.

Various correlations were shown to demonstrate this
point. Values ranging from 1.00 to -1.00 were used. Silnce
the lines would be perpendicular to each other when the
correlation coefficilent equals zero only one line was shown,
that being the mean of Y on the regression of Y on X. The
regression of X on Y would be the mean of X when the correla-

tion between X and Y is zero.
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IV. DESCRIPTION OF COMPUTER PROGRAMS

The programs used will be described in more or less the
order they appear. Programs were written for special pdgbose
needs and general building blocks. Speclal purpose programs
will be described first.

The first program encountered was a bootstrap introduc-
tion routine. Since a user must initiallize the program
through the use of the console switches a simplified setting
of the controls was needed. The starting procedure is to
depress the following three switches in thelr respective
order. They are I/0 PRESET, DO, and START 20.

The I/0 PRESET clears the accumulator and clears all
input/output device flags and operations. The I/0 PRESET
also causes the Instruction Field register to be set to 2
and the Data Field register to be set to 3. The DO switch
when depressed causes the processor to perform one instruc-
tion that being the one located in the LEFT SWITCH. If the
instruction is a double word the LEFT and RIGHT switches are
both used.

The START 20 causes the instruction in location 20 of
the instruction register to be executed. The instruction
is also incremented to the next instruction. In order to
make this as simple as possible the LEFT switches were set
to 0700 octal. This meant that left switches except 7-9 were

set to zero. The RIGHT switches were all set to 0. The in-
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struction of 0700,0000 is a double word instruction which

says to read from tape, one block. The location of that block
is 0000, the first useable block on the tape, and the tape
unit is unit 0.

The block of tape memory is read into core, locatlons
0-377. The instruction read into location 20 1is another read
instruction which will fill up the remalning instruction and
data filelds. Instruction 20 is executed when the START 20
switch is depressed.

Once this has been done the instructions continue with
the introduction printed and the computer wailting to go on to
the concept selected.

When the concept is selected the program jumps to a
program which fills up all four segments of core. The
description of each segment will be given next.

Segment zero is the monitor segment of core. It con-
trols the reading of additional or new instructions and data
for their respective flelds. Segment zero was chosen since
if an interrupt occurs the program automatically jumps to
location 40 of segment zero. If the interrupt was to change
units, segment zero was the place to put the program to enter
a new unit.

When an interrupt did occur it was processed to deter-
mine what the interrupt was. If the interrupt was caused
by the clock, a PLEASE RZSPOND command was given. If the in-

terrupt was caused oy a Teletype input, txe input key had
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been struck. If the LINEFEED key had not been struck 1t was
assumed the input was extraneous and the program returned

to the point of interrupt and proceeded on. If any other
type of interrupt occurred such as a tape motion, program
control was returned to the point of interrupt and the pro-
gram continued.

The programs residing in segment zero provided one other
function, which was filling the instruction and data flelds
when a unit had been selected. This portion of the program
could be entered elther through an interrupt or through the
end of a unit. When a unit is sclected 7100 or 7700 1s added
to the unit number times 10. This created a read instructlon
which would read the unit from the appropriate blocks on tape.
For example if unit two in the regression concept was selected
the instruction would be 7120. This says read 8 blocks of
tape beginning at location 120. {he first four blocks of
tape contaln the instruction field andlare placed in segment
two. The last four blocks of tape contain the data fileld
and are placed in segment three.

Since only one field can be an instruction field at one
time, the instruction field to be, segment 2, is treated as
a data flileld when segment zero is the current instruction.
When the transfer of instruction and data have been completed,
the data field is set to three and the instruction field 1is
set to two. A jJjump to location 30 in the instruction field

is 1nitiated and the program proceeds from there.
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The next program to be discussed is the one which resides
in segment one. The routine is the calculation routine. This
program given a set of data will calculate the mean of X and
Y, the variance of each, the simple linear.regression coeffi-
_cients, and the correlation coefficient between X and Y.

The length of the program is such that it takes up all
1024 registers in the second K of storage. The arithmetic
involved in processing the data was the major function and
problem of this program. Built in hardware arithmetic rou-
tines consisted of add and multiply.“ To be built was a divide
and a square root routine. .

The decision was made that the right most four bits of
the accumulator were to be used for the decimal portion of
a number. Of the remaining eight bits seven were for the
real portion of the number and the first bit for the sign.
Single register arithmetic was performed throughout.

Both overflow and round off errors were problems. All
arithmetic was in base-eight, which did not cause any prob-
lems. Problems were encountered in the area of the maximum
number which could be handled. Using the available eight
bits the maximum number was 275. Using the maximum eleven
bits the maximum number was 2,047.

Obviously in statistical calculation the sums of numbers
squared and the square of numbers summed can easily exceed
the maximum if some restrictions are not placed on the num-

bers. The first restriction was that only integers would
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bé accepted as input. The second restrictlion was that only
the integers from zero to fifteen would be used. A further
restriction was then placed on the value that the maximum
number of points entered would not exceed thirty-two.

The expected value of the mean of points valued from
.1 to 15 is 8. With 32 points entered the sum would be 256.
Therefore with the average value used with the maximum number
of points an overflow would not occur.

Using four bits for decimals, accuracy in the tenths
place was usually maintained. Decimals were printed to the
hundredths place to allow the user to round off. Division
occurred by going through a divide routine twice, once to
obtain the real portion of a number and once to obtain the
decimal portion.

The statistical calculations to be performed were done
in the following order. The sum and a count of the number
entering was made first. In addition the numbers were squared
and summed including the crossproducts. Next the means were
calculated and the deviations squared. From these values
the regression coefficients were calculated and then the cor-
relation coefficient was calculated.

The routine also handled the printing routine to output
the appropriate values. In addition it placed the calculated
coefficients in their proper beta register in the instruction
field to which it was to return.

Of all the programs written and needed the calculation
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routine proved to be the most difficult and unsatisfactory.
This will be discussed more in the next chapter but it also
deserves mentioning here. The intent of the Iinstruction pro-
vided was not that the computer was to be a powerful calcu-
lating device but that the computer was to assist in demon-
strating a particular concept. The calculating capabilities
were to be secondary. The problem stemmed from the loss in
accuracy and the resulting inaccurate display which an eleven
or less bit number could produce. The problems are surmount-
able and powerful calculation routines do exist for the PDP-
12. But these routines could not fit into core with the other
units or current lesson.

The remainder of this chapter will be devoted to the
contents of the other two segments of core, the instruction
field and the data field. BRather than discussing each unit
which was written individually, the routines that go into
comprizing a unit will be discussed. These routines were
referred to as bullding blocks using the idea of placing
blocks of instructions together to build a unit.

Each unit 1is designed in approximately the same manner.
Since in normal running or access to the instructional seg-
ment of core, location 20 is the first register used; this
1s where programming begins. Locations 20 through 27 are
used for writing the program or unit on tape. The instruc-
tions in these first eight registers designated the tape and

the place on the tape which the program i1s to be written.
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After the routine is written on tape the processor is told
to stop and will not proceed until told to do so.

Then beginning at location 30 the unit 1s written. Thils
is true for all units so that control to and from unlts can
be initiated at the same place. The unit 1is then bullt once
an instructional strategy has been decided upon. The instruc-
tional strategy consists of the order and the content of text
and point displays, and in addition the changes whlch are to
be made in the point displays.

In order to accomplish using this instructional strategy,
a process of setting what are referred to as beta registers
were set which provided to a routine, 1nfofmation on location
and length of content. For example if text is to be printed,
register 11 was set to the location, an alphanumeric name,
of the first character to be printéd. After register eleven
has been set the program Jumps to PRINT and prints, beginning
at the location specified in register 1l.

Likewise, if next the program is to display points the
location and number of these points must be given to the dis-
play routine. The point display routine was revised in the
later stages of development so that instead of needing the
location, all points were moved to one location prior to dis-
play and only the number of points was needed. This was done
to facilitate easier addition and deletion of points.

After points were displayed the lesson designer might

want to have the student add more points. This would require
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a JMP ADPT instruction to the add polnt routine. This routlne
then presents to the student the appropriate questlons to
allow him to enter more data. In order to explaln thls more
fully a complete description of all the routines used will

be given.

An example of how the instruction would look in an actual
lesson 1s given in Appendix D. These inétructions will print
the text in Appendix C. The student may be asked to add
points and then the points will be displayed. Then he may
be asked to delete points and a new display can be generated.
After the points are deleted a new set of regression coeffi-
clents are calculated and printed.

The first routine was the print routine. Two approaches
were used in writing this routine. The 1nitial approach was
that the routine was to print a set number of points from
some location. These characters were chopped ASCII charac-
ters and entered by the lesson designer in that form. Silnce
this required the user to convert alphanumeric characters
to numeric ASCII code a PL/1l program was written to perform
this duty. Although this proved feaslble 1t was not practi-
cal. Should a grammatical or spelling error occur the entire
process had to be repeated and a new ordering of the packed
characters had to be established. If the removal or addition
of a single character was needed, a épécing pfééiem arose since
two characters were stored per location.

The second location used was one which used a LAP-6
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pseudo-operation called TEXT. By typing the word TEXT F
(string) P, all the characters between the two F's would

be assembled and in turn could be printed. 'Thils made it
possible for anyone to add and alter the text he wanted as
he built his units. A unique name was associated with each
TEXT pseudo-op and could be referred to for the address of
the character string.

The PRINT routine itself used the address it was given
and printed characters until the symbol, §$, was encountered.
Therefore when someone entered thelr text the dollar symbol
was placed at the end of the text prior to the F. Upon com-
pletion of the printing the instruction counter was set to
the instruction immediately following the jump (JMP PRINT).
In all routines control was returned to the point where the
jump occurred plus one address.

When points are to be displayed several routines are
encountered. The first routine is the transfer routine,
TRANS. This 1is used to transfer the points which are to be
displayed from their storage location to location 1700 and
following in the instruction field. Using a work area from
which points were displayed was used since it was desirable
to both add and delete points. Before you could jump to the
TRANS routine two beta registers needed to be set. One regis-
ter, 12, contained the nuwmber of points, and 13 was set to
the location of the first data point.

The actual display of points occurred through the DSPP
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routine. The X and Y coordinates were packed such that both
were placed in one word. The X coordinate took up the left
most six bits and Y coordinate took up the right most six
bits. In order to display a point the abscissa must be in
the accumulator and the ordinate in beta register two. When
this has been accomplished the point could be displayed.

This process must be repeated for every point to be displayed.

The screen used to display points has 512 xv512 display
points available. 1In order to display a point in proper
perspective each point was multiplied by forty to obtain
the coordinates of the polint for display purposes.

Regeneration of the display was not handled by the dis-
play program. Three special routines were used to accomplish
this. These routines referred to as ROUT1, ROUTZ, ROUT3 per-
formed the regeneration of three distinct displays. The
amount of material to be displayed increased with each
routine.

ROUT1 was used to regenerate a set of points only. In
all three the display would stay on the screen until a key
was struck. In ROUTZ a set of points and a line were regen-
erated. In ROUT3 a set of points and two lines were gener-
ated.

BOUT3 needs somewhat of a special explanation. The lines
to be generated in both 2 and 3 were regression lines previ-
ously calculated or set. ROUT2 assumed the line is the re-

gression of Y on X. The lines displayed in ROUT3 were the
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regression of Y on X and X on Y. In order to distinguish
between the two or to allow the instruction to refer to one
of the lines, the lines were not regenerated at the same rate.
This caused one of the lines to flicker and could be referred
to thusly.

In addition to displaying points then, a lihe or lines
could also be displayed. ROUT3 used the same line display
routine to display both lines. This was accomplished by
interchanging the parameters which needed to be set before
entering the routine.

The two parameters needed were the slope and the inter-
cept. These were taken from beta registers fifteen and six-
teen respectively. Given these two parameters the line was
calculated one point at a time. Basically these were the
steps involved. Glven an intercept the slope was added to
it. This then gave the proper coordinates for the point.

A cumulative slope was also kept which was added to the
intercept for the next point. This process was continued
until the right or the top of the screen was exceeded.

Several problems arose in this approach due to accumu-
lator overflow. The cumulative slope would at times appear
to be negative due to its size. To avoid this a check was
placed on the cumulative slope so that the intercept could
be altered to absorb some of the cumulative slope.

In addition to this check, checks were needed to deter-

mine 1if the intercept was less than zero or greater than 15.
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If the intercept was greater than 15 the line could not be
displayed if the slope was positive. But if the slope was
positive and the intercept was negative the line should be
displayed. This involved setting the Y intercept to zero
and the X intercept to some positive number. Negative slopes
were handled in approximately the same manner. One notable
exception in program performance with the negative slope and
that was in the failure of the program to detect the comple-
tion of a line, which would cause two or more lines to form.
Also extraneous points were generated given certain slope
intercept combinations. This problem was not resolved.

In addition to the points and line display programs a
third display program was written. This program displayed
the X and Y axis for the first quadrant and in addition placed
fletches on the axis for the fifteen numbers to be displayed.
This program was not used in conjunction with the point dis-
play and line program because of the time it took to generate
any two or all three of the displays. The flicker created
was not at a tolerable level when the grid, a line, and points
were displayed simultaneously.

The next two programs to be discussed are similar in
concept and opposite in function. They are the add point
routine and the delete point routine. The add point routine,
ADPT, was written to allow a student to enter data. This
could be new data or an addition to existing data pairs.

The student was first asked how many pairs of numbers
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he would like to add. He was next told how to enter the
numbers. After this has been done, numbers are entered until
a match is made on the number of points added, and the number
of points to be added. If a number is added which exceeds

15 or if the input 1s not numeric the student is told the
response is liwmproper.

Points were added to the working area only. In order
to keep track of the number of points the contents of beta
register 12 were used as the current number of polnts 1ln the
working area. This number was added to 1700 to determine
the next avallable location. Register 12 1s updated to the
current number of points.

The delete point routine, DELETE, began by asking the
student how many points he wished to delete. The student
was told how to enter points and then told to do so. When
the coordinates of a polnt were entered a search was made
of existing points to find a match. If a match was found
the point's coordinates of the last point in the flle was
used in its place. The length of the flle was then decreased
by one.

If the coordinates input by the student could not be
found in the file the user was informed of this. The program
then waited for new input. Likewise, 1if a match was found,
the program would wait for new input or continue on if appro-
priate.

Both the ADPT and DELETE programs were found to be not
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completely satisfactory even though they performed as ex-
pected. 'The lack of flexibility in changing the number of
points to be added or deleted placed a restrictlon on the
user. For instance once a user specified he was going to
eliminate five points he had to delete five before the pro-
gram would continue. Ideally this should have been designed
to either eliminate one point and then ask if another point
is to be removed or the option to change the number of points
to be deleted throughout the program was needed.

A building block which was added late in the research's
development was a routine called ASK. The purpose of this
program was to allow the instructor to ask the student a
question and then check the format of the input. The program
was used to make estimates on correlation coefficients.

Almost every unit ended in approximately the same manner.
The student was given a choice of either selecting a new unit,
continuing on with the next one, or going through some aspect
of the just finished unit again. Since very few changes would
be needed from unit to unit this also could have served as a

building block.
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V. DISCUSSION

The research project was undertaken as a feaslibllity
study on presenting a Computer Assisted Instruction unit in
statistics on a small digltal computer. The lessons presented
were not necessarily unique presentations of statistical con-
cepts but were presented to determine the feasibility of thils
approach.

Experimental research on evaluating this approach was
not a part of the study undertaken. The opinions and reac-
tions of students and interested staff was utilized to obtaln
a feeling for approaches and displays.

As in any developmental study the answer to the value
of this 1ls still speculative. The effects of the approach
used are unknown. But one of the many steps in research 1s
development, and hopefully a study such as this provides
guldance and direction for future research.

The purpose of this chapter was to provide observations
on the research undertaken. Also recommendations for future

study on the PDP-12 and on CAI are made.
A. Observations

Without any hard data, the observations are for the most
part subjective opinions of the investigator and others. The
study was essentially devoted to two areas. The first was

the man-machine interaction and the second was the software-
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hardware interaction needed to implement the desired man-
machine interaction.

For CAI one of the obvious considerations is the means
of communicating with the user and what is to be communicated.
In this study one of the reasons the PDP-12 was chosen was
its CRT since a quick graphical display device was needed.
Also a Teletype was needed for communicating with the user
and for the user to communicate with the program.

The CRT proved to be as useful as expected in displaying
points and lines. If intuition can be effectively used and
if observing the concept increases a person's knowledge of
the concept then indeed, the CRT can be most useful. Since
the image being displayed constantly needed to be regenerated,
a restriction on the amount of material to be displayed was
necessary. This restriction amounted to the total nuwmber
of display coordinates 1t was possible to generate in a set
length of time without the flickering of the screen being
intolerable.

Ideally the CRT should be handled separately in the hard-
ware configuration but this was one of the problems to work
around in using the PDP-12. The approach taken to display
points and lines seems reasonable, especially with a building
block approach to lesson design. But a faster and more gen-
eral display could possibly be generated if all coordinates
of points to be activated were calculated and stored in a ‘work

area and then a display routine would take these coordinates
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and use them appropriately. This technique was not avallable
in the core memory area. Dumping and loading tape would be
required.

Since the Teletype output characters at the rate of 10
characters per second and the CRT was almost instantaneous,
the CRT 1s a more preferable information glving device. But
again core storage was at a premium and the Teletype could
and was used to put forth the necessary information.

The relationship of the input and the output devices
is an important one in CAI. In this study the lnput was only
through the Teletype with the output through both the Teletype
and the CRT. Some lessons were designed around the user
entering or deleting data and observing results. The data
points were displayed after the addition or deletion of
points. Even though a listing of points could be obtalned,

a better "feel" of the scatter plot would have been brought
forward if the user could have observed the display as he
manipulated the points. The flicker problem was such in

the display already written that in order to accomplish this
double function a much more efficient program would need to
be written.

The physical location of the CRT, and the Teletype was
such that they were considered to be a part of the PDP-12's
console. The CRT was actually located within the console
directly above the console switches. The Teletype was move-

able but obviously needed to be located in the proximity of
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of the CRT. Location proved to be more of a problem than
anticlipated.

The proximity of the CRT and console switches was taken
into consideration for student use. The student was given
complete control over the machine and the instructor merely
had to glve him the computer tape to execute a lesson. The
Teletype was moved from approximately directly beneath the
CRT to several feet to the right of the CRT and below the
level of the screen. The student was required to look from
the Teletype to the screen and back and forth. Instructilons
to look were not always explicitly given since 1t appeared
obvious to look back and forth, or the screen would easlly
catch your eye when needed. It was also assumed the nolse
of the typewriter and the lack of image on the screen would
divert the attention of the user to the Teletype when needed.
Attention from the screen to the Teletype occurred correctly.
But the opposite was not necessarily the case. The need for
the placement of both devices within the student's peripheral
vision was apparent.

The display of the scatter plot of points worked as
pldanned even though the grid routine which was not imple-
mented. As noted previously the routine was to provide the
X and Y axlis and the appropriate scale. Users of the systenm
did not seem to have any trouble discerning the location of
the points or the concept being brought out. Obviously the

relations of the data points to each other was what was impor-



tant and what the student was to learn.

One more point needs to be observed with respect to the
Teletype. The speed of ten characters per second did not
seem to be a problem for the user. But for theAlesson de-
signer, the amount of time it took to list a completed pro-
gram was great. The complete listing of a program using all
of core would take approximately 60-90 minutes.

A second area of observation on the hardware is on the
overall storage of the computer. A major undertaking in this
study was attempting to use a computer of limited size for
CAI. Obviously CAI can take place on any computer which
allows for remote or direct input/output, but the extent
to which this is possible varies with the machine. The PDP-12
with 4 K of memory and two tapes was definitely limited in
size. Yet it was unique in its display possibilities and
user access.

It was felt that a structured-branching, programmed
learning approach was not applicable or appropriate for a
computer of this size or capabilities. The instruction to
be given was keyed around the CRT and the student's intuitive
explorations.

For many of the routines the size of the computer was
more than adequate to the approach used. But in several a
more in-depth look must be taken. Already referred to is
the need for a continuous display and the extra memory needed

to accomplish this. One area of serious concern and a prob-



lem was the arithmetic requirement needed.

The manipulation of the data involved in statistical
routines is such that accuracy is a must. Using one K of
memory and single register (12 bit) arithmetic did not pro-
vide the desired level of accuracy. However the rationale
was used that the purpose of the problemé were for demonstra-
tion and not for the user to calculate results of homework
problems.

If a general answer was to be given as to the feasibility
of using a computer of this size for CAI it would need to be
positive. Indeed a larger system may be capable of more tasks
but this system 1s capable of allowing a student to guide
himself through varlous lessons.

The approach used to construct unlts proved to be one
of the major assets of the system. Programs could be built
and tried prior to entering on tape. This allowed for cor-
rections or trial of changes without destroying the existing
program. The ease with which units were entered on tape was
considered important for lesson designers unfamiliar with the
system. Along with the quickness of changing the program was
the ease with which textual errors could be brought from stor-
age, changed, saved, reassembled and resaved as a correct
unit.

Since the units were independently saved on tape, a tape
could be given to a student which he could use as instructed.

Back-up systems containing source units and CAI units are



58

easily maintained should a tape be destroyed.

Several observ;;ions should be made on the units. The
design and the instructional philosophy was to allow a student
to explore. Hopefully an attitude of "Let us see what would
happen if I did this" would result. This in turn would lead
to an attitude of "If I did this, thls should result." The
program was not to gulde the student but let the student gulde
himself.

The units were structured in a hierarchy of events but
were not and did not need to be followed. Asking questlons
and processing answers was avolded due to the involvement
and accuracy needed to interpret correct and incorrect an-
swers. The units were designed to represent the feasibility
of thils approach to teaching. Shortcomings in lessons might
or might not be overcome with additional text and displays.

A definite limitation to further programming design was
the time spent in developing the bullding blocks. Approxi-
mately twelve months elapsed in the total programming develop-
ment. It is also interesting to note the hardware and soft-
ware do not necessarily reflect on the sophistication of the
material presented.

From a lesson designer's point the building block ap-
proach seems to be reasonable. The regression concept was
used to gulde the creation of the building blocks. The cor-
relation concept was then built using the building blocks.

This approach proved quite satisfactory with the correlation
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units taking considerably less time to construct.
B. Recommendations

Since this study has indicated it 1s feaslble to use
a "small" computer for CAI and‘it 1s also feaslible to use
the approach undertaken, recommendations for further research
are made. The next obvlious step in a project such as this
is to experimentally test results in learning using this ap-
proach. ‘

This should employ all the rigors associated with good
research methodology to obtain objectlive information on the
usefulness of this approach. The results of such research
must be used in conjunction of what 1s known on other teach-
ing strategies.

But prior to the implementation of such an evaluation,
additional development is suggested. One of the major prob-
lems encountered was in the arithmetle routines. Additional
study on implementing better arithmetic routines needs to
be made. Since 1independent statlstical packages exist for
the PDP-12, methods of adapting them for the avallable storage
are needed. These programs could give an additional feature
in each lesson and be an aid in themselves.

Another method of approaching the task under investiga-
tion is through a language named FOCAL-4K with display capa-
bilities. The FOCAL-4K language did exist at Iowa State Uni-

versity for the PDP-12 but without the display capabilitlies.
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Since the FOCAL language is somewhat easy to use, this ap-
proach needs further consideration. Of special merit would
be the calculating capabilities of this lahguage.

Further research also needs to be done in the use of
the Cathode Ray Tube in conjunction with and opposed to a
Teletype. Even such elements as the physical placement of
the two devices are important.

Additional study might be undertaken on alternate dis-
play routines, or new approaches to displaying points. One
possibility might be to calculate all the coordinates of the
points prior to actually displaying them. A consideration
would need to be the amount of storage needed to accomplish
this.

More units in statistics should be implemented such as
graphically depicting analysis of variance or the shapes of
probability distributions. Again the emphasis should be on
student involvement and interaction with the programs.

An undertaking to be processed with thé PDP-12 is the
use of a higher level language to generate code for the PDP-12.
For instance PL/1 might be used to interpret lesson code into
PDP-12 code. Two benefits might result. One, a very easy
and understandable method of lesson bullding should result.
Secondly, programs could be listed from a high speed printer.
Time would not need to be spent in obtaining program listings
through the PDP-12 teletype.

Additional study might also be undertaken to expand the
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storage avallable by judicious use of the two magnetic tapes.
In this study the tapes were used to initialize the programs
and store programs. They might also be used to store core
memory so that new instructions could be brought in and out
and thus create longer programs. The tapes might also be
used to contain a record keeping system.

A record of every student who signed on, what he selec-
ted, and how long he worked, would be kept. The student could
note his progress and also the lessons most frequently chosen.
A record keeping system is most important if the system is to
be used in a large class setting.

The curriculum area chosen was done so because of the
investigator's background and also because of a computer's
ability to perform calculation in a rapid and precise manner.
Other areas also might be considered such as displaying para-
digms of statistical designs. There are also possibilities
in areas where displaying objects may be more meaningful than
verbalizing. Elementary education 1is possibly one area.

As a computer should function in the area it 1is best
.suited so should certain sizes and types of computers. A
computer such as what was used in this study 1s small with
respect to core storage. It can not perform all the duties
and functions of a "large" computer. Yet its capabilities

as to instructional powers are somewhat unexplored.
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VI. SUMMARY

This study examined the feasibility of using a PDP-12
computer to teach selected statistical concepts. The study
also examined a CAI unit building approach and the use of
a Cathode Ray Tube as an integral part of a lesson. The en-
phasis of the study was on the development of the system.
Problems centered around the software development in imple-
menting the proposed CAI system.

The computer used was a PDP-12 produced by Digital
Equipment Corporation. Core memory was 4 K words with addi-
tional storage available on two, 512 block tapes. The pro-
gramming language used was an assembly language called LINC.
All programs were entered through a DIAL-2, LAP-6 monitor
program. This LAP-6 system allowed for on-line editing of
programs and was used to assist in building the instructional
units.

The software component involved the designing and build-
ing of "blocks" of programs to be used to develop units. The
building blocks were designed so that they could be selected
as necded when n unit was designed. The major routines built
were DSPP,(display points), ADPT (add points), DELETE (delete
points), LINE (line display), and PRNT (print text). A simple
SET function was used prior to Jjumping to the routine.

Since the units were to be student guided a monitor rou-

Tine to accomplish this was written to reside in core memory.
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This routine controlled the filling and dumping of the In-
struction and data fields of core as new units were requested.
A calculation program was also written to reside in core at
all times. This program performed all statistical calcula-
tions needed and could only be entered by a change in instruc-
tion fields initiated by the current instruction field.

The third component developed was the educational com-
ponent. Statistics was the general subject matter area se-
lected with simple linear regressién and correlation being
the precise concepts chosen. An intuitive approach to lesson
presentation was selected to make use of the Cathode Ray Tube
and the Teletype.

Student interaction with the units was stressed and ex-
planation was encouraged. Student inputs, data pairs, were
displayed via the CRT and the resulting effects of these in-
puts to existing data were either displayed, output through
the Teletype or both. The CRT and Teletype were to be used
to perform functions unique to each and not readily perform-
able through other instructional modes.

The regression units were developed along with the
building blocks. The correlation units were bullt with the
building blocks to determine the feasibility of using this
approach. Except for minor changes 1in some programs the
approach was an acceptable one.

Major problems occurred in anticipated areas due to the

restricted core storage available and the length of programs
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needed. The calculation routine was not as accurate as de-
sired nor was the CRT as versatile or as useful as deslred.
The display routines directly reflected the accuracy achleved
in the calculation routines. If the ilnaccuracy was discern-
able it was obviously so, usually resulting in a regression
line of opposite sign and inflated falue.

Creating and maintaining displays proved to be a 4iffi-
cult task. The total number of points was restricted to a
maximum of 32 as well as all points had to be integers.
Nevertheless, displaying a set of points and two regression
lines produced a flickering screen at a less than deslrable
level. Regardless of this flicker, 1t appeared the concept
being brought forth was still evident. Prior to additlonal
use of this system further investigation on other approaches
to displays needs to be developed.

Although the student gui&ed approach was a reality, it
was not as functional as proposed. Interrupting lessons at
any point was not always a feaslble feature. Two types of
interrupts were used: (1) software and (2) hardware. The
hardware interrupt was accomplished by using the console and
stopping the processor and then re-initializing the entire
program. The software interrupt for lesson branching worked
in selected units.

The basic question of feasicility has been answered in
the affirmative. Now the next step of experimentally evalu-

ating the approach is needed. 1t is recommended this be done
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and additional concepts be added. It 1s also recommended
that prior to evaluation, further work be done on modifylng
and developing statistical packages to meet the needs of an

approach, and a computer, such as was used in this study.
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IX. APPENDIX A. OPERATION PROCEDURES
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OPERATION PROCEDURES

The PDP.12 is a general purpose computer of which you will have complete
control. To start the computer the following events must be checked:

The tape marked O must be threaded on the tape transport marked C.
The toggle switches should be set to write 1LOCK and REMOTE.

The BRIGHTNESS ON knob located by the Cathode Ray Tube should be
rotated clockwise.

The Teletype switch should be turned to LINE.
On the Conscle twelve switches are labeled LEFT SWITCHES and twelve

switches are labeled RIGHT SWITCHES.
These switches should be set as follows.

wer TN OVVY MY MR
RIGHT M4 A1 MY M2

Read the remaining instructions BEFORE you do steps 6,7, and 8.

6.

7.
8.

Depress I/0 PRESTART
Depress DO

Depress START 20

If you wish to stop or if you or the machine are malfunctioning de-
press the STOP switch and then reset it.

To restart repeat instructions 6-8.

To continue from where you stopped depress the CONTINUE switch.



PLEASE NOTE:

The print on the following pages
is blurred and indistinct. Best
available copy. Filmed in the
best possible way

UNIVERSITY MICROFILMS,
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X. APPENDIX B. CONCEPT INTRODUCTION
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Y 0eiANIZATION CONSISTS OF FILWS CONTAINING TINVITS WHICH YOI
¥OAY SFLECT INPUETS POl YOIT Ans S0 ALLY =xesCh e IN Thb BOnM
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XI. APPENDIX C. STUDENT TEXT
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SFLECT A
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rEGRESSION CONCEPT

COMNTAING

YQ'}

SETHAN KEY AND SELECT 4

Pe

Re.

/l o

INTT

A LISTING CF ALL Qivke TINITS

Q0 NOT WIsH TO SFRALL The

iiINTT .

PLOTTING A LINK

INTAODIICTION 1C

HEGLESSTON
LEAST snnaprEs prINCIPLE
TISFuo WNTFrS DATA
RFFECTS OF GIFTLIFERS

THF ENI:

NTIRFe >

IN

ONITS

THE COrBFLATION

AGATLARLE
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TINIT 2 PLUTTING A& LINE

THF LINF WHICH YOI WILL SEF DISULAYED Is QF ThE bOni
Y=A;\’+fﬂ.

VHERE A FPRESENTS THE SLOPRK AND R AEPHESENTS THE INTHALCNPT .

THE wIATION OF THEE LINE IS Y= +0260t0N+ ] .00

¢ DISPLAY )

CHEANGE THE UALIIF OF THE INT®ECEPT.
GIVE MF A NIMRER OF THE FORM XeX > lel

LHI SO JATION Ok THE LINF IS Y= 490.00K+40] 4]0

C NISPLAY )

CHANGE #0TH THF SLOPE AND THR INTEWCFEPT.

SLOPE= 2.5
INTERCERPT= Mel

THE ENPATION OF THY LIN® IS Y= +72.507+74.17
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CHANGY ROTH THE SLOPE AN} THR INTRRCFET.

SLCPE= 29
INTERCEPRPT= Meid

THFE EAMATION OF THE LINA IS5 Y= +FR2.40=003.00

( DISPLAY )

ne YO NISH TO
1. CUANGF MORFE SLOPRS ANDL INTEHCEPRTS
2. CONTINGE WITH THE NEXT UNIT
3+ SELECT A NEW (NIT

SELFCT 6N OPTIONeeos
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IINIT 3e INTHODICTION TO REGHIKSSION

STIPPOSE WE AEW GIVEN A SET OF POINTS HAVING ¥ AND Y COCOnDINATES
SIICH AS WHAT I8 CilnptENTLY BEING DISPLAYFED.

C DISPLAY )

ANCTHRG BUFSS CF 4 POSSIRLE Y UALUE MIGHT =% THY «FaN.  NOTE
JHEN THE ¥ UALIF IS SMALL THE PHREDLICTED Y VALHW Is LAnGH AND
GICE VEKSO.

C DISPLAT )

WFOWOMILD LIKE TO PRFDICT WHOT THW Y YALIE @0NLD Wl TR W5 AL
I3IVEN AN Y. FQ BYANPLY TR X = 7 WE MIGHT F0RS5 Y = 13.

A5 CAN KRESEWA ON THE RISPLAY THIS POGINT BOFS NOT FALL
WNITEIN THY CLITSTEL OF POINTS Cilno<FENTLY REING DISVLAYI.

¢ TISPLAY )
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G W& COILD NECINE TO DuAW SOME LINFE(ESTINTION) THHONGH THE
POINTS WKICH COILL GIVE 11§ THE BEST ESTIXNATH CF Y BIVEN AN Xe
ONZ WITH THE MINIMIW OF FiiDice

SIICH A LIN® IS THFE ONE ON THE SCHFEN.

¢ NISSLAY )

THE LINE FORMWIY 15 CALL®D A RHEGxFSSION LINE CALCHULATED WY nwLHFES-
SING Y ON Ye  WHICH IS TQ SAY NE AKRE UnEDICTING Y GIUFN AN Y.

WEOwIGHT ALSQ S%GHRSS X ON Y (PRETICT ¥ GIUEN A Y)Y YHICR I5 THE
FLICAW TN prREsRSST0ON LINES.

C DISPLAY )

8

OPTINNS,
le SELECT A NEW MINIT
Pe 1300 TO NEXT UNIT

ey W T(‘.'\\' e oo e
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MINIT 4 LEAST SNARES FalNCIFLFE

TH* LFAST SNJARES PRINCIPLE wEFEES TO MINIXMIZING TH= Six O
THE FhEORS SOAGFD TC DETESMINE THF #EGRESSION LINE. EhaOi
15 Wik INFIN A8 THE NIFFERENCE RETVEREN ORSERURIDY UALITE ANT Prk-
DICTEDR UALIE(AERFSSINN LINE).

FOr EMAMPLE THE MODRFL ASSCCIATEDR WITH THE SET OF PUINTS 10 RE

DISPLAYED IS
Y = MeSX + 22

C NISPLAY )

KEMOUTING ALL 20T ONY DCINT AND THE LINE THF LISTANGE FifM THE PCINT

1C THE LINE I35 DRFINED AS FEikCioe
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AY MINIMIZING THW Softagk OF THIS BISTANCE WE HAUE Ol BEST HF-

GRRSSION LINK.  THE FOaMILA FCr BOING THTIS A, F FOUNL IN THL SYLLARIG,

I# yorr Hays QNLY TGO POINTS THE LINE PASSES PIRECTLY THR0NGH

THY POINTS WITHOOT RhnOi e

¢ NISPLAY )

NGH - SHPPOSE Wk HAYR THLRF POINTS wHICH DO NOT aLl. FALL

ON A STHAIGHT LINE. THEN & LINE SOCH a8 THIS wOiLL PeOBNCE THE

LEAST 88O INT Ok EnhOie

( DISPLAY )

FURN WHEN ALL THE pOINTS ARE PRESENT THEE IDEA IS TH CALOILATE A

LINF SRHINH HAS THF LEAST AMOINT OF Fiinlice

¢ DISPLAY )

GELECT AN O PIeN e GO TO THE NENT 'INIT

De  SKELACT & NFW NNIT

,'.".L;:-"!"\-."). ® e
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DISPLAY THEFR POINTS AND THE ASSOCIATED REEHFSSION LINK.

uAw wANY PATRHS QOF NIVRFEAS DO YOIT HAVE? > 4

INDIIT TRHRE DATA pALLS b4 -COMva- Y =aETioN-
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>Ts O
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o=+ G K

¢ DISPLAY )

O HAYE RO 0D IONS S
e WNTHI A NEW SET OF DATA
e ATE FOLA POINTS TO COLGENT DISeLAY
e DFLETH PGINTS FrOb CHULsENT DISPLAY
de OGN TOONFNT UNIT

‘;;".L":CT aN C'F“T I0Neoee 24

HOS MANY 0TS RO YO VISH TO ahi? > o
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INOITT THE DATA PAIERS X  =COMMOo-

>10511

>Asy 1N

LISTING 2 (YES5 0L MOI>YES
SATLYAN NP TRRCIED ]
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¢ DISPLAY )
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NOT® THE RBETTEF FIT 0¥ THE RRGAFSSION LINE THRII THE POINTS AND

THE HIGHER COHNELATION.

INSTEAD OF RLIMINATING THE POINT WE MIGHT USE THE MEAN

QF Y FOix THE Y VAL'ITE OF THAT SCOrFe

THE. MEAN OQF ¥ = +1S5e56A

3

[}

TH= MFEAN OF Y +OR363

nkGe OF YV ON Y3

-
i}

+0A 31K +i01 .94

Bo= +0P0.50

C DISELAY )

TO ORSERUF YWHAT HAPPENS WITH EYTu®ME POINTS PRESFNT APD AND
DFLETE POINTSe MNOTE TWC THINGS onE AFFECTING THE EGR¥SSION
LIN® TiHW SMALL Ni1M98: OF POINTS ANDY THF OUTLI®: ITSELF.
QPTIONS Axr e AR POINTY

“e  DFLETE POINTS
Re CONTINTTE ON

‘.\L:LF'C’I AN (PTIONeeee



e NOI Lew) MV OLO™ TS

NDTLeTH- 00

NUOLovee Hlade e

Shcldpr Lo HE0LVRY 0L SLad0NIYD Ol MAvH A

CNITOV LA WS DL medie TNV A Mauitl

ATOSNOD H4L NO HOLIHE A0LS ML Sweli-feiadld o

HET#UDDTO=VHINGUD HOMA NO SSHNIEDIHe WALl NIl *d

40 ULl daslnTidl 4=l avod o1

CNHATD M0 HHL NI ONILOTTIOL #Hnl Od AdEveTl

TARGTINI G v (0A AT =G LAMSHHA oy TTI8 HA0THE SNGILAD A4l 40 MNU

LW Ty wiivi LiwOg 0L wnls 0oL dl *ANOILNALLY H:0A Hud LUA Miunl

88



89

COHhrELATION

TNIT )
THIS SINIT CONTAING A LISTING OF ALL CTHE: UNITS TN 7=k COLIFLATION
SNV Ik YO DO NOT WISH TO SKE ALL ThHe TINITS AOUNILANMLE

STHIER THE LRTITGY HFY AND SFLECT A 1NIT.

PNIT 2. INTHODIICTIGN

SINIT Re NCATTER PLCOTH OO BELATER +1e0 70 =1a'

NI e nELATIONSHIE RETWFEN Wi k55108 AN GG LATION
TINIT Se  MISE:D ENTERS DATA

TINIT Ae FRRPECTS OF ODTLIELS

SELECST AN OPTI(N e e e
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TNIT 2 INTHODNCTICN
OFTEN IT I3 DESINARLE TC DETELMINW THE #FLATTIONSHIR HETLEEN TWO
UATARLIFS e CORLKELATION IS ONE wWAY OF DOING THIS S5INCE IT FY-
PHESSES THF STHENGTH OF TEE HELATIONSHI® AND THE DIKFCTION CF
"I:HF’. HRELATIONSY I e  THR KANGE OF CORLELATION COEFFICIFNT IS
Pre0f +1e TO =1e00e  THE SIGN wx2pESSES THk DICGECTION G THE
HELATION AND Tl NIMELAL EXPRESSKS THE STurRNGTH.  THFE COsnELATICON
CORFEICIRNT SOST COMMONLY UUSFD IS CALLED 1HE pEARLON FaCIHICT
FOMENT COLLELATION CCREFFICIENT.  FOn FOuMILAS AND AN MXPLANATION
Or HOW TO CALCHLATE THE COnUFLATION SEE ThE HANDONT «

THIS "INIT WILL PgOCEED IMMEDIATELY INTO NINIT 3.

TNIT R REAMPLES OF SCATTRE PLOTSH

L= 1J5 LOO0A 471 Thw SCATTEE PLOTS Or SOk SCUweicy AND THeIh
COeFLATION . IN THIS FIHST BXAMPLE NOTE THE CLUSTERING OF POINTS
AND THY 290D TeEXND GF THE POINTSe THE CORRELATION COEFFICIENT

ARTUREN Y OAND Y IS +teTH

¢ DISPLAY )
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IN THIS SECOND EMNAMPLE I WILL DISWLAY THFE “CTOTS

GHICH YOI AXE TO GIVE MFE AN FSTIMATE OF Thk Cunnklo

eARE THFE INPHT IN THE FOkM  =-SIGNCG+ Ok =)  DECIMAL

THN DIGITS AND THEN A HET'NN

¢ DISYLAY D

O LATION
THE DOINTS

=7 > +.45

ALE Y0LF SCATTERED RUOT THERF I3 STILL A

TH® CORKELATION I4%  +Ae49

¢ DISELAY )

NOTE THIS NEXT FEXZAMPLFE AND THEN GIVE el AN ESTIMATE

COLLFLATION =2 > +4175

THE
T

COQi FLATION
SCATTR.. OF

CO%FPFICIENT
POIMTS IS

COFFFICIFENT 15
SOMEWSAT CInCiLa-.

aFE0AC
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L SR
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FOre

HING 7ZF:0e.
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THE CALC'ILATED COx@eFLATION IS5 +7.00

¢ DISPLAY )

IN THIS NEXT DISPLAY X AND Y AxE NEGATIVFLY COKLELATED.

¢ NISPLAY )

CORELATION =2 > =itD)
THE COHMHELATINN COEFICIFENT IS -feAadle THE NFGATIUE SIGN

INDICATES THAT AS TH VALTR CF ¥ INCHEASES THE VUALDE OF Y DFECHEASES.

¢ DISPLAY )

THR NEZT TW0Q DISPLAYS WILL SHOW & pPOSITIVE AND A NEGATIUVE COt-e

CF tel?e A PRSITIVE COLHELATION &ILL RE SHOWN FInSTe

¢ DISFPLAY )

NEYT 1= =lenif

U

¢ DISFLAY )

P

YOI WAV THLWE O2TIONS:
le ORSERUE MORE SCATTE: PLOTS AND THEI:xn COne LATIONS
fe 30 ON TO THF NEXT IINIT
Qe SFLNCT N NWW OUNIT

SELECT AN NpTI0Neeee
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TINIT 4 CORRFLATION AN} REGHESSION

ALTHONIGH THE SCOTTE.. PLOT 0F Tk DOINTS GIVES P18 508 p&RL FOR

THY COen=ZLATION LOOKING AT THE nlGrRESSION LINX»  FOussh uy
FEGRFESSING Y ON X AND X ON Y MAY BE HELPF/IL IN DEPICTING THIS LINEARL
FRELATIONSHIP.

LOOK AT THIS KrampPLE.

¢ DISPLAY O

FInST W& WILL ADD THR BEGKESSICON LINE FO'IND RY REGHRESSING

YN Y

¢ RISPLAY )

THY SKOCOND wxwsSI0N LINE IS THAT POIND BY xiGLEE-

SN Y ON e

( DISrLAayY
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CONSIDER ONF MORE RKXAMPLE THAT RBEING WHEN THE CORRFLATION IS
MeN(A OR CLOSEe. ONLY ONE OF THE HEGRESSION LINES IS DIS- |
PLAYED THAT REING THE REGRESSION OF Y ON ¥e IF THY COhlie WAS
EXACTLY {J«® THE HREGRESSION LINE ASSOCIATED WITH HEGRFESSION OF
Y ON X WOULD R¥ THE MEAN OF Ye LIKEWISE THE LEGRFSSION LINE
NASSOCIATED WITH THY REGRESSION 0OF X ON Y WONLD AR THY MEAN OF Xe

THE TwW0 LINKS WOILD R&E PENPENDICIILAR TO ¥ACH OTHRie

¢ DISPLAY )

OPTIONS  te LOCOK AT MORE EXAMPLES(NOT IN OPERATION)
2« GO TO INIT S
e SELECT 6 IWNIT

SELECT AN OPTIONeess
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XII. APPENDIX D. EXAMPLE OF COMPUTER PROGRAM LISTING
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a122
w123
M124
fal12s5
A126
f127
130
m131
Mn132
m133
h134
0135
@136
1137
Al4am
141
0142
h14a3
N144
n145
Gla6
2147
0159
m151
h152
m153
A154
fA155%
M156
m157
nien
m161
n162
A163
164
7165
N1AE
a1 e7

6246

AN7Ts
ARAT7
aANT e
n102
AB6S
w37
AA66
7615
6326
1920
n623
1120
2000
4011
6370
72
acat
2073
1640
6246
YN A
2019

AT 6

an6n
6311

1026
n726
1120
2000
4011

6370
AA72
AA6L
an73
1546
624hA
anT75
7762
aa76
A303
An6s5
Anos
hA66
h4a45
A326
120
1054
1120
PLSEARL]

401!

98

JMP TRANS
SET I 15
n7

SET I 16
arex

SET 1 S
37

SET I 6
7615

JMP ROUT3
LDA I

145

ADA 1
20ra

STC 11
JMP PRNT
SET I 12
7

SET I 13
1640

JMP THANS
SET I 15
ann

SET I 16
64

JMP ROUT2
LDA I

46

ADA 1
2000

STC 11
JMP PRNT
SET I 12
64

SET I 13
1540

JMP TRANS
SET I 15
7762

SET 1 16
303

SET 1 5
25

SET 1 6
445

JMP HOUT3
LDA 1

a4

ADA 1
060

STC 11
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n146 A170 6370 JMP PRNT
A147 #1710 072 SET I 12
a150 ®172 2053 53
2151 173 AGT3 SET I 13
n152 M174 1460 1460
M153 @175 6246 JMP TRANS
N154 76 7275 SET I 15
155 9177 0l [eJoloB
A156 200 0076 SET I 16
A157 A2nAl 0165 165 .
a1 A7 A292 6311 JMe KONT® /SET 5 6 TOO A
LonGYE NUMBER
f16e1l 1233 1029 Lha 1
n162 0204 1420 16
2163 2205 1120 ADA 1
N1AA A20E 2000 2000
N1AS nonT  anmid 5TC 11
1166 210 /379 JMPP PRNT
167 Mell /R34 JMP IN
(17 A212 1460 SAR I
A171 Me13 M6l nA1
n172 MOl 6216 JVP .42
M173 A215 /227 JMP OP1
MT4 ¢216 1460 Sak 1
Mm175 AR17 0262 262
176 n220  AR22 JMiP e+2
M77 a221 6237 JME 0P
A2016 A222 1440 SAE 1
7201 A223 0263 263
a2 A224 /203 JMP «.-21
m2a3 A225  AA(N LIF @
nonY 1226 6102 JMP 102
A2As #227 6243 OPls JMP 273
noneG n230 1026  0P2» LDa 1
a2a7 (231 A4 a4
aL1¢ A232  ARNG LIF @
@211 (233 6130 JMP 130
AR12 0234 AGA2  IN» PDP
n013 PUCDE
(214 4235 6136 Kk
721% 4236 6331 KSF
216 4237 5236 JVP -1
n217 424n0 6736 KER
A220 aral1  AN41 TSF
a2l 4249 5941 JMP e-1
ne22 4243 K746 TLS
n223 4244 6141 LINC
fR0Y LMODE
neos5 f245  AAAA JMP @
n226 Pe4e  10A7  TRANSs LDA

3227 A247  AAKH 7



A2304
"n31
N232
MR33
AR34
n235
236
2237
mnonM
Aryl
noH2
nNea3
R24u4
A245
naae6
noyT
AR5 A
nos51
n2592
253
n254
MR85
RIS
nos57
ne6n
ANA1L
ARAD
MNRE3
264
"Nes
266
MOART
A7 o
N7l
n279
RAL73
274
275
n2746
noT7
a3ne
1371
R3320
n3n3
A3
racs
A306
a3n7
fa31n
nNA11
1312

250
A251
ARs52
”h253
f2s54
AR55
0256
257
Aren

a261

1262
1263
A264
265
266
A267
na27e
(AR71

fa272
273
ART4
1275
276
(277
n3AHN
301

n3ne
Mn3A3
N304
M,’_}(“}S
ERCTATY
317
n31n
A311

n312
0313
M314
m315
n31e
1317
"320
1321
322
"323
"324
n325
11302A
n327
337
w331

N332

4275
1006
nM12
aA17
4017
12006
A1 3
10403
276
1120
7776
4013
ART74
1”77
1733
1074
na37
A266

10ae

n276
40113
amla
NA146
19043
a00H
4310
#5000
AN32
64401
ARAN
»i331
A3CH
nALA
10800
alerare)
4325
a5a0
AM32
644]
A530
BA50A0
AA31
£314
as6o0
AI139
[aTCh IS
1o
00
1329
250N
6132

100

THAN1»
HOUT1»

ROUT?,

FNLD»
FOIT3,

STC «+25
LDA

12

COM

STC 17
LDa

13

STA
TrrANY
ann 1

-1

STC 13
SET I 14
1677

LDA I 13
STA 1 14
XSk I 17
JMP =3
LDA
TRrANI
STC 13
NOP

NJP

LDA

AGAR

STC «+7
108

AR

JMP DSPP
IOR

A231

JMB «=3
NOP

LDA

aaan

STC END

10K

6632

JMP DSPp
JMP L INE
I0R

6831

JI’:P P ¥4

ICR

AM3D

NOP

LDa

aaen

STC FND

10K

AARD
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7313 M333 6441 JMP DSPP
"314 (334 ALH30 JMP LINE
n31% N335 1694 Lea

NRL1A 1336 2015 15

0317 337 4353 STC «+1&
A320 N340 10004 LDA

n321 341 AAle 16

A3P2 N342 4356 STCe+14
A323 A343 1046 LDA

(3924 A3444 oas S

1325 nR45 4015 STC 15
"32A N344A 10AA LDA

n327 aR47 QADAA A

1330 A35A 4016 STC 16
T331 1351 6539 Jvir LINE
2332 13592 102N LDA 1
n333 A353 ANLA NOE

RICICY! (1354 49115 STC 15
1335 1355 1020 Lbha 1
33A nass aetlaA NO

N3R7 Nn3%7 4D16 STC 1n
N340 A3AN Aanl Jirir DSPP
AN M13A1 AS30 JMP LINE
"342 13A/2 asnn I0R

AR43 "3A3 AN31 A3
"M344 11364 6333 JME =31
N345 m3GS5  25AA 10K

Nn346 13A6  AN3L2 HH32
347 N3AT7 R32SH JME END
1350 a37¢ 1408 PHENT» LDA

.",1 3 5 l IR 3 7 i A ({. A ..71 l’l (' s

{1352 1372 10764 STA 1
N353 1373 NAAN nHan
M354 A374 1ALl CLK

(2355 A375 A85ONA 101

356 376 ALY HALYH
1357 m377 1331 Al LDBR I 11
(13K aa3a  146¢ saw 1
NRA1 namy Adne 44

N3/R2 L0 ALY JVF e+ 92
A3AR Aar3 6373 JME PENT+3
364 L4 1a60 sai 1
R34S Ay el 4R

N366 AR RALN JMP e+2
43K 7 407 AA33 JME NY
N37e a1l 1460 ©OSAE I
371 a1l aav 47

N372 412 Auly JNME e+9
n373 AV BN VIR S J¥i A5
374 v41a 1127 ADe 1

375 Auls  T774@ =37
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A376 A416 2451 a0
n377 417 A0 J¥l e+ 8
0400 IRVIREES] HADR JVi? «+3
Nacy "2l 1120 ARG T
aane Aa22 a1ne R WATE)
(a3 aa03 1120 ApRa I
(ana nyns  N237 n237
nang G5 U2 A3, Lo
rMANA PMODE
namng L42F ARAY) TSF

EP{B L 4427 S520A JVME e=1
411 a436 A6 TLS
nnl1o an3l A1l LINT
w413 ) LMOLE
B4l A2 6377 JiKE Al
VIR I A33 17120 44, LDa 1
nal1A a3 N9218 215
1417 A35  A42S JME AR
Na9:A 36 1400 Abos Lna 1
a2l NLRT O 21R 210
(NN raan ARL0S JMtr A3
A2 3 aal 100 DSPPY LDA

A D¢ &PV 3] ACH aasn
HA05 oLn3l  1nan STA 1
aseh naqs Anen (em
nang nueas 1004 Lpa
437 t44an 013 13

na31l nang nsa9) STC S$h1
au3e nast 173 SET I 13
nn33 aa51 1677 1R77
VR V) 0452 1000 LDA
0nai3s 483 RGN WA 12

43R US54 #0117 GO
aa37 BV S N Ve Tck s1¢C 7
Haq 456 1333 . LDR I 13
SVIPIS 1457 1333 LDH 1
Ahh e RPANSTE 1264 MUL I
ans3 4R J04G 40

IRVAVIV r"a4Aa0 112 (AR RTANN |
Neas MNAAR Yy 11

Y0NS Mana  ARmo 5TC 2
anny 465 1333 LDd I 13
a4510 ha6 12A0 MOL I
2451 NHET AAan 4

2882 "y 70 1120 Abha 1
Mas3 an71 7410 -367
A54 479 142 DI 2
(ass Ay73  ropt XSK I 7
ALS6 474 ALSBT JYP =15
ans7 B475 1604 LDA

RaAN “uThA A5M1L SH1
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G461 477 4013 STC 0013
ny62 ASA%  Ada4 JMP DSPP+3
fY463 As5M] AARa  Sitle aAre
LYYV 05682 3/l CL

AYRS as503 A8K7 SET I 7
466 As5R4 7400 : -377
ALR7 2505 @AS500 I0B

470 A506 AA3Q 6@32
AyT1 507 ANy HLT

N7 A518 (516 RSW

o473 A511 4015 STC 15
Na7H fA512 AR HLT

NaT7s 513 7517 LS%

1ta7h A514 401A STC 16
na77 n515 A530C JME LINE
nsen 0514  AsMn I0R

ns5/1 ?n517 AMR31 A031
(5H2 (520 6K515 JVP =3
n5i13 n521 560 I0RB

ascy A522 6036 6136
a5Ns m523 1460 SAE 1
a504 n524 6301 301

ASR7 w525 €515 Jbitr e=1H
519 526 6507 JMP =17
511 (G527 AaAe HLT

AsS12 530 16 LINES LDA

1513 1531 ANAA atsiols]
mS14 AS32 13AA STA I
1515 A533 AQap aAnaAa
ns16 A534 AAAARL2 SET I 2
n517 n535 20a7 7

nsan AS536 QUA3 SET I 3
ns21 n537 7601 =777
A50R2 nsa0 1086 LDa

523 AsS41  ARLe6 16

524 5492 J451 npPo

B525 nsS43 9017 coM

(526 As44 D364 SCk 1 4
asa7 BAS4as5 1260 MIJL I
A530 0546 {042 42

n531 G547 SAA3 STC SAVE?2
A532 255~ 1900 LDa

Mn533 551 HH1A 16

A534 552 @451 APO

1535 1553 @17 COM

75364 A554 156/0 BCL I
A537 . ns5s 7760 776G
as40 m55A 1260 ML I
n541 A557 042 42

542 NS5hAK 11206 apn 1

Asa3 n561 201@ 10



A544
Bas4s
AS46
8547
n556
0551
(552
4553
a554
A555
A556
Mn557
2569
N56A1
Asen
563
564
N5/
n566
ASk7
0579
AnS71
#2572
A573
2574
0575
n576
nS77
n60%
GISTGN
n6a2
N6G3
GISTARS
nANS
A6 6
67
MA10
SIS W |
nNh12
1613
n6la
0615
Nh16
k17
nNe2m
ne21
NR22
1623
624
n625
ne26

n562
A563
1564
3565
4566
AS567
BsS70
n571
As572
A573
BnS74
3575
AS76
05717
PARO
BAMR1
NAN2
A6M3
ARAY
NARAS
D606
aen7
N619
3611
ne12
A613
Nely
N61S
nA1A
el
na2n
A621
622
623
ARAY
A625
TABA
1627
A630
na31
AB32
3633
634
7635
A636
nR37
AL M
Ae41
fea2
643
MRy 4y

P344
3803
1120
T411
1040
14a3
1040
10084
1000
5158 B3
1040
1992
A451
6723
1369
fAla
a7y
6640
1590
1773
1120
366
0243
5003
18643
an1s
(341
L7
S7A4
1000
1083
374
1040
1043
n451
6633
11320
aaal
1149
angee
6617
120
7410
145
1003
5034
tP11
3004
(2162
1003
aR1ls

104

RETIIENS

SCk 4
ADD SAVEZ2
aApa I
~366
STA
SAVEZ2
STA
SAVES3
LDbA

15

STA
SavEl
APO

JMP NEG

" LDA

16

AP0 I

JMP KETURN
LDA

SAVER

ADA I

366

KOL 3

STC SAVE?
LDA

15

SCE 1

CCx

STC SAVES3
LbA

SAVE2

ADD SAVES3
S5TA

SAVE?2

AaPrPQ

JMP «+4
LA

1

ADM

2

JMD [ Bl 1 3
LA 1
-367

5TA

SAVE?2

STC SAVE3
CLIx

ADD SAVES3
DIS I 2
LDa

15



a627
A3
nh31
ne32
0633
A634
A635
n636
h637
Nean
GISV4R!
0nRH2
Asa3
A/l
A645
OA46
0647
(AR50
n651
(652
n653
nes4
ness
0R56
neas7
Aga ("
GAAL
N6H2
ARA3J
N664
h65
N6A6
7667
G670
MnAR71
MATD
MAT73
NATAH
MAT75
nR76
0677
fH76H
A7@41
A7
7743
704
a7115
n7Taé6
727
N71a
A711

a645
ON646A
he4q7
n65a
"651
A652
653
1654
n6es55
Ne56
nB657
660
A661
NKH2
N663
HNa6d
0665
A666
667
A676
2671
G672
673
feT74
2675
1676
na77
AT (A
1761
AT
AT7A3
704
A7A5
7016
;707
aA71a
0711
a71oe
n713
AT14
715
n716
4717
a720
n721
n720
a723
A7ToN
725
A726
727

1140
1642
0471
65666
1030
AE1S
N7
3GA2
1120
an1 6
(304
1560
7400
3093
5a33
10068
0n#1s
1040
1502
1120
neLa
A3NYy
15601
7400
3403
1247
1704
mAs]
AT11
1120
T441]
AN63
177¢
0471
€533
AT14
“ar3
714
6533
1000
aAuag
1128
74602
U456
&RU(
AS33
[SISR Y
3004
mM162
1067
fe1s

NEG»

105

ADM

S5AVEL

AP0 I

JMP e+16
LDA

15

COM

ADD SAVEL
ana 1
oMo

ROR 4

BCL I
T4GH

ADD SAVEZ2
STC SAVE?R
LDA

15

STA

SAVE1l /FEND OF NEW
ana 1

16

KOL 4

HCL I

T4

ADD SAVE?

STA

SAVES3

APQ

JMP e+1D

ADA I

=376

SET I 3

1776

APC 1

JMP LINE+3
JME e+
XSK 1 3
JMP e+2
JME LINE+3
LDA

o]

>

ADA 1

=775

AV ADS

JMP RETUGN
JMP LINE+R
CLIs

ADD SAVES3
DIS I 2
LDa

15

A
<
5



077%
071176
aA777
100G
1401
1702
1063
17034
10425
18176
1707
16010
1711
1412
1913
10114
1415
1916
1e117
11920
10191
14098
123
1424
1925
1192/
1127
14139
1231
1032
1133
1334
1235
11136
10237
1004
1741
17149
13403
178l
10045
17340A
147
1457
1751
17592
18353
1054
1458
1956
1057

1303
1304
1305
1346
1327
1310
1311
1312
1313
1314
1315
1316
1317
1320
1321
1322
1323
1324
1325
1324
1327
1335
1331
1332
133R
1334
1335
1334
1337
1340
1341
1342
1343
1344
1345
13448
1347
1350
1351
1352
1353
1354
1355
135A/
1357
13R0
1361
1352

1372
1371

f4n3 |

A4014
a405
D4RA
As563
2504
As50s
A506
as507
72514
(GY2Y Y]
efls
N6te6
n67
AR1N
hell
07l
(1725
a70A
707
1045
a7y
w711
a712
1004
10YA7
17112
1711
1812
1144
1107
1116
1111
1112
1113
1206
12037
1215
1211
1219
1213
13140
1311
1319
1313
1412
1413
1414

aA202
ARE{LY]

106

A4an3
“wany
cans
Q4a0A
ns503
(11074
A5¢5
1576
567
9568
Aef4
BRAS
6666
a6ee7
ARARA
AMQ
R4
745
o700 A
IR AGN
(SRS
(70K
G769
6712
1A
108607
1068
1079
112
1106
1187
1110
1111
1112
1113
1206
1267
121
1211
1212
1213
1310
1311
1312
1313
1412
1413
lat4g
*1370
pane
A2c4



6712
A713
aria
f715
n716
a717
w720
(721
n7RY
2723
24
A725
9726
AT27
“73¢
A731
739
733
n73a
735
n73n6
737
A7
Y741
NFLD
743
744
nTas
LRI
v h)
07504
WT5H1
ars52
A7TH]
754
A755
n75A
757
76N
761
N762
ATAHJ
N7T&H
765
1TAA
a7TR7
A7T70
“771
n772
A7T73
774

A733
n731
n732
a733
2734
N735
736
n737
a740
nral
Rl Fiss]
nT743
A7H4
745
AT4aA
ATLT
f759
751
N782
1753
1TS54
1755
ATSA
1757
ATHA
0761
NTA2
FT7A3
TR
nT6es
TRA
VTR
770
HT771
wrTe
ATT73
DY7H
aTTS
OTTA
ATT7
1900
14:00]
132
1mn3
1084

13010
13641
1372

1140
1002
aas1
AT51
1002
an1s
AAL7
3902
1120
nraT
n3sna
3073
5033
1400
(15
1n4an
17009
112¢
71767
U344
31013
1140
104
n71
RTTH
VAR
1777
11980
237A
a451
fH33
ATT3
nRes3
A7TT3
~533
1080
o
11026
70
(450
AT23
A533
AR
A
AN RO

n3ne
2323
A3Aa

SAURL,
SAVRR
SAUF3»

107

ADNM

SAVE1

APC

JMP e+1A
LDa

15

cowm

ADD SAVEI
ADA 1
nRAq

S5Ck 1 4
ADD SAVER
STC SAVE2
LDa

15
STA
SAVE1L
apa 1
-1

5Cn 4

AN SAUVE2
STA

SAVER

ARG 1

JMEP e+ 10
SET I 3
1777

ana 1

37

APO

JvpP LINE+R
JieF e+
x5k 1 3
JMP e+ 2
J¥E LINF+3
LD&

2

Ana I

=775

ALY

JMP NEG
JMP LINE+3
Goeei(e

DA

naee

*1 23014
A3B9
A3 3
glna’



1060
18361
1962
1363
1964
1965
1766
1067
1070
1871
16372
1273
10074
1075
1076
1477
11an
1131
1102
1123
1104
1105
1196
1107
1114
1111
1112
1113
1114
1115
1116
1117
112a
1121
1122
1123
1124
1125
11726
1127
1131
1131
1132
1133
1134
1135
1136
1137
1144
1141
1142

1372
1373
1374
1375
1376
1377
147
1401
1402
1423
1464
1485
1404
1427
1412
1411
1412
1413
1414
1415
1416
1417
1422
1421
1422
1423
1424
1425
142A
1427
1430
1431
1432
1433
1434
1435
1436
1437

1469
1461
1462
1463
1464
1465

“1466
1467

1470
1471
1472
1473

a205
ag1n
a2an3
pang
nyma
na1n
412
n513
505
nsn7
AROY
Z611
Aa14
a765
A7e7
arie
19415
1810
1313
1815
11004
11ne6
1107
1111
1114
129
1216
1211
1212
1213
1215
1307
1405
1407
1411
1413
1415
1513

A225
207
1211
B214
A34
Mm311
A4S
aqa7
aa1a
412
413
A415

108

A205
29y
2303
n4e¢3
nang
2404
ayl12
ns5n3
VUS19]S)
ase7
n6ea
A679
nR14
A705
ar67
2712
ABasS
ABAE
MmKR13
G815
11674
1196
1177
1111
9114
1206
1210
1211
1212
1213
1215
1347
14€5
1407
1429
1413
1415
1513
*1460
205
nea7
f211
~214
N304
A311
a405
aaa7
G410
412
ha13
A415



1143
1144
1145
1146
1147
1159
1151
1152
1153
1154
1155
1156
1157
1162
1161
1162

11/3
1164

1165
1166
1167
11760
1171
1172
1173
1174
1175
1176
1177
1208
1271

1202
12713
12754
1205
1206
12007
1214
1211

1212
1213
1214

1215
1216
1217
1224
1221

1222
1223
1224

1225

1474
1475
1476
1477
1500
1501
1502
1503
1504
1505
1506
1507
1514
1511
1512
1513
1514
1515
1516
1517
1520
1521
1522
1523
1524
1525
1526
1527
15372
1531
1532

1540
1541
1542
1543
1944
1545
1546
1547
1559
1551
1552
1553
1554
1555
1556
1557
1566
1561
1562

2503
D504
ASA6
BN
ap12
8615
ATN4
736
8710
a712
a714
1005
1606
1211
1104
1166
1107
1112
1115
1205
1213
1367
1314
1311
1312
1314
1404
1476
141¢
1413
1415

AR13
214
0216
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n315
410
2413
a414
0545
as67
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3512
2607
ne6l1
n614
aTNs
n706
N714a
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A566
n6ea2
fel?2
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fA714
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13007
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1417
1413
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*¥1549
A213
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n21a6
A311
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D419
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G414
(A5A5
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h6en7
fi6ll
A6l14
a7@5
2706
713



1226
1227
1230
1231
1232
1233
1234
1235
1236
1237
1240
1241
1242
1243
1244
1245
1246
1247
1250
1251
1252
1253
1254
1255
1256
1257
1260
1261
12R2
1263
1264
1265
1266
1267
1274
1271
1272
1273
1274
1275
1276
1277
1363
13011
1392
13A3
13014
1314
1345
1365
1305

1563
1564
1565
1566
1567
1570
1571
1572
1573
1574
1575
1576
1577
1607
16011
16012
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XIII. APPENDIX E. REGRESSION AND CORRELATION
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A. Simple Linear Regression and Correlatlon

One important concern of statistlical methodology 1s the
study of relatlionships among a set of wvarlables. The simplest
case of this sort would be the relationship between two vari-
ables. One way of expressing such a relation is to represent
one variable as a linear function of the other. Usages of
this approach would include prediction or causality. For
purposes of discussion, denote the dependent or criterion
variable as Y and the independent or prediction'variable as
X. Consider n values of.(X, Y) pairs, denoted by (Xi’Yi)’
i=1,2,...,n. The technique of simple linear regression,
or the regression of Y on X, is designed to construct a line

of the form

”
Yi = a+in,
where
X.l = the ith value of X
b = the slope of the line
?i = the point on the line at X = X.1
a = the Y intercept, or the value of
Yi at X1 = 0,

such that thls line best fits the n pairs of observations.
The method of least squares is one technique for obtaining

such a line. Define the deviation of a Yi value from the Yi

value at X = Xi as
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The least squares method defines the values of a and b
such that the sum of squares of the d1 values is & uminimum.

Mathematically, we have

n 2 n 2
Q= 24d,“= 1 (Y, - a-bX,)
1=1 1=1
n
3 Q
23 .25 (Y. - a-bX,)
n
3 Q _
= - Ziilxi(Yi - a-bX,).

Setting these partial derlvatives equal to zero and solving
for a and b, we obtain as the least squares values for a and

b .the following:

n
b = i=1 n
r (X, - X)
i=1 b
azy-bx-

One may illustrate these concepts by use of an example.

Consider the six (Xi’ Yi) pairs below:

Pair X Y
1 1 2
2 2 4
3 3 by
Ly L 5
5 5 6
6 5 3

Computation of the least squares values for a and b yield
the results

Y, = 2.24 + .53X1.
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Figure 2 shows the (Xi’ Yi) pairs and the resulting regres-

sion line. Also noted is the deviation, d,, for the sixth

i’
palr,
d6 = Yé - Y6
=3 - 4.89
= - 1.89.
Y

1.89

X

Figure 2. Regression and correlation example

Although one usually designates X as the independent
varlable and Y as the dependent variable, this need not be
the case. The regression of X on Y can bhe defined and com-
puted. For example, the application of least squares glves

the values,

Xi = 0.53 + O'7Yi'
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The two regression lines are plotted in Figure 3.
One notes that the two regression lines do not coincide

unless all the (Xi’ Y pairs form a perfect linear functilon,

L)
that 1is, all di's equal zero.

If the rumber of data points is small and one of the
points is somewhat deviant, a considerable change in the re-
gression line may result if that point is eliminated. Figure
4 shows the regression of Y on X with the sixth (X Yi) pair
eliminated.

A method of assessing the joint relationship between

two variables 1is by use of the product-moment correlation
coefficlient. In this situation both variables may be thought
of as beilng neither independent nor dependent, and we are

interested in measuring their covariation.

The procuct-moment correlation coefficient, r, is defined

as n
: . 5
=1 (X - Xy - ¥)
r = .
n n
/ L (X, - %% (v, -T)?
1=1 1=1

Although not proven here, r may range between the values - 1
and + 1 inclusively. A positive correlation of 1.00 would
indicate a perfect linear relationship between the two vari-
ables in which both increase or decrease together. Similarly,
a correlation of - 1.00 indicates a perfect linear relation-
ship in which one variable increases as the other decreases.

A correlation coefficient of zero indicates there is no
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= 0.53 + 0.?Yi

2.24 + 0.53}(.l

7 X

Figure 3. Regression of X on Y and Y on X

Y. = 1.5 + 0.9X,

Figure 4. Example with deviant point eliminated
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relationship between the two variables. Computing the value

of r on the six (Xi’ Yi) palrs of the example data, r = 0.59.
The correlation coefficient can also be expressed as

the geometric mean of the two regresslon coefficients, byx

and bxy"

r=_/ byxbxy’

As 1in regression analysis, if the number of points is
small, the elimination of a somewhat deviant point will result
in a significant change in the correlation coefficient. In
Figure 4, where the sixth (Xi, Yi) pair has been eliminated,

the correlation coefficient is 0.96.
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