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FOREWORD

This report was prepared by Philco Houston Operations in response
to Task Order No. 030a, dated October 21, 1966, entitled "Automatic
Teaching System Study" (also referred to as "Computer Assisted Instruc-
tion Feasibility Study"). The Task Order was authorized under Part II,
Paragraph 2a of the Statement of Work to Supplemental Agreement No. 36
to Contract NAS 9-1261.
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SECTION 1
INTRODUCTION

1.1 GENERAL

This report presents the results of the Computer Assisted Instruction
(CAI) Feasibility Study prepared for NASA/MSC Flight Control Division, Mis-
sion Simulation Branch. It represents the findings of a 6-month study to
assess the potential of using advanced training concepts for training flight
controllers.

The primary objectives of this study were to:

A. Review and analyze existing CAI systems and determine their
applicability to flight controller training.

B. Develop the functional requirements for an optimum CAI system
for flight controller application.

C. Specify the functional requirements for an initial system and
recommend a design that could function as the initial CAI system.

D. Evaluate the costs incurred by programmed instruction and deter-
mine if CAT is a cost-effective method of training NASA flight
controllers.

1.2 APPROACH

For this report five major study tasks were identified: namely, (1)
survey and analyze existing operational CAI systems and author languages,
(2) compare existing CAI systems capabilities against flight controller
training requirements, (3) specify the functional requirements for the
optimum CAI system for flight controller applications and, against this
background, develop the functional requirements for an initial CAI system
for flight controller training, (4) specify the initial system utilization
techniques, procedures and constraints, and (5) perform a CAI cost-effec-
tiveness analysis. (Refer to Figure 1.2-1.)

The survey consisted of transmitting a detailed questionnaire con~
cerning programmed instruction to all major colleges and universities and
analyzing the results. The central processing systems, terminals, and
author language for each system were analyzed.

1-1
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CAI material received from the reviewed systems was compared with
the flight controller curriculum in terms of gross objectives, teaching
problem similarities, relative level of curriculum complexity, course
lengths, and type of presentation logic used. The characteristics of the
reviewed systems were examined to determine their applicability to flight
control training requirements.

Storage media requirements, user terminal requirements, author lan-
guage requirements, and total systems functional requirements were speci-
fied for an optimum CAI system. Using these requirements and the results
of the systems analysis, the terminal and computer functional requirements
for an optimum CAI system for flight controller applications were specified.

The initial system functional requirements and recommended design
were specified, and consideration was then given to existing assets which
could meet the specified requirements.

A functional system design was then recommended which would meet the
requirements of the initial system in the most cost-effective manner.

The costs of each instructional medium considered, i.e., conventional
instruction, programmed textbooks, and CAI were investigated, and their
relative effectiveness was discussed. Formulas were developed in order
to arrive at the costs of each medium and to aid the reader in determining
the instructional costs for any specific situation. Comparisons were made
of the relative costs, time requirements, and the effectiveness of the
three instructional media, and applicable trade-offs were discussed.

1.3 GUIDELINES

Prior to and during the study effort, several guidelines were specified
by the NASA to establish basic task boundaries and to effect some measure
of compatibility between this effort and other efforts which may be con-
ducted by NASA/MSC and other contractors. The items that significantly
governed the study activities are summarized below:

A. The curriculum task analysis was to be performed by the NASA with
the results supplied to Philco Houston Operations (PHO) as required.

B. An author language and the detailed requirements for the language
were not to be developed.

C. The objectives of the initial system were to provide a system
which could demonstrate CAI feasibility and immediately provide
the capability for limited flight controller training.

D. The study was not to reflect specific hardware design for spe-
cific equipments or systems.

E. A comprehensive survey of existing assets was not to be performed.

1-3



o SECTION 2
STUDY SUMMARY

2.1 OVERVIEW OF COMPUTER ASSISTED INSTRUCTION (CAI)

Approximately twelve years ago, programmed instruction and teaching
machines attracted the attention and interest of educators, school admin-
istrators, and training directors throughout the country.

The principal reason for this increased awareness was that programmed
instruction had been demonstrated to be significantly more effective than
conventional techniques of instruction. Often, programmed instruction can
do the same teaching job in considerably less time, or can provide the
student with a far greater amount of information in the same time.

Although there is something less than unanimous agreement on the
principles involved in programmed instruction, the following list repre-
sents those principles which are most agreed upon:

A. The subject matter must be broken up into small units called
frames. In actual practice, these frames usually vary in size
from several sentences to several small paragraphs.

B. At least part of the frame should require some type of response
from the student. Active participation on the part of the stu-
dent is required. Generally, it is desired that the activity also
demonstrate understanding of the material.

C. The student should be provided immediate feedback reinforcement.
He should be told the correctness of his answer, which has the
advantage of immediately reinforcing the activity or immediately
correcting a misunderstanding.

D. The units should be arranged in careful sequence. Because the
subject matter is broken into small increments, and the author
must think carefully about the learning steps involved, the re-
sult is a much better sequence of presentation. Careful sequence
also embodies the notion of shaping or gradually leading the stu-
dent toward the desired goals by rewarding him for activity that
more and more closely approximates those goals.

E. Programs should be aimed at specific goals. This has the desirable
effect of making those involved in training evaluate their goals
much more carefully and specifically.



F. Revisions should be based on student responses. Because the ~>
student's behavior can be recorded for each frame, a knowledge
of his understanding of each part of the lesson can be easily
obtained. Thus, if a student is making many errors on one sec-
tion, the program obviously is not teaching well and must be
revised. 1In conventional instruction an instructor often deter-
mines the final presentation, but in programming, the approach
is more student-oriented.

G. The student should be free to adjust his own rate of learning. A
student may work through a program rapidly or slowly. He should
be completely independent of others in the class. Traditional
methods such as lectures or motion pictures force every student
to proceed at the same rate, which might be too fast for some
and too slow for others.

These and many more learning principles are involved in programmed
instruction. 1If it has done nothing else, the programmed instruction
movement has caused educators to rethink many of their teaching procedures
and to revise them accordingly.

Today, there are more students to educate and less time available in
which to implement this education. Students arrive for instruction with
varied and often inadequate levels of preparation. There are fewer quali-
fied instructors for the classrooms, fewer classrooms, and everywhere there
are rising costs.

New technological advances have been made as a logical and necessary
extension of programmed instruction. To accommodate the rapidly increas-
ing load imposed in the instructional system, attention has been focused
on the speed and vast storage capabilities of the computer as a possible
solution.

Thus, approximately 8 years ago, CAI was conceived. As with any new
concept, many questions have been asked and many problems have arisen. One
of the more frequently asked questions is: ''What possible good can CAI
bring to the pressing problems growing out of a need for quality instruc-
tion for increasingly large numbers of students?" Typical follow-on com-
ments are: "Everyone" knows that a machine is cold, impersonal and utterly
without a value system--or even common sense."

The value of CAI lies, oddly enough, in the quality that some have
labeled its liability--its machine-rootedness. Because CAI rests on a
computer—-based system, it never gets bored, distracted, angry or impatient;
it never forgets; and it can communicate as well as the human who originally
programmed it to operate. CAI can use the computer's storage facilities and
speed to assess individual progress and initiate and monitor remedial work
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as“required. It can accommodate a very large number of students, each

of whom appears to have exclusive access to the computer. It can perform
each function faster, and with less error, than a human instructor. And,

at the very heart of CAI, the control of the learning process is always
vested in learning sequences created by instructional personnel. CAIL
permits the instructor to take on a managerial role in the instructional
process. Hence, the instructor can utilize his time more productively--

in individual counseling and guidance of students who require additional
assistance. Thus, CAI can be used to provide a high level of instruction
to many students on an individual basis at a pace determined by the student.

CAI can take many forms. At the most basic level, the interaction is
limited to a relatively elementary sequence without evaluation, interpre-
tation or variation on the part of the computer. The computer instruc-
tional material is presented via a display such as a teleprinter or cathode
ray tube (CRT); the student scans the presentation, and indicates when he
is ready to go on by means of a switch or pushbutton. The computer then
may give further information, or it may present questions whose answers
are to be recorded in a notebook or programmed textbook. Again the student
notifies the computer when he is ready to proceed...and so on to the end
of the lesson. '

As refinement increases, the computer is used with growing subtlety
and flexibility.

First the relationship between student and machine is solidified by
doing away with the text or notebook. The computer then presents all
instructional material and records the student's responses. At a later
stage the computer actively scores the student and presents the results
to him. Ultimately, as CAI approaches its full development, the computer
continuously evaluates the student's responses and leads him through
remedial material if he fails to demonstrate understanding of key points
in the main presentation.

CAI is by no means the panacea for all the ills that afflict the
learning process. With present state-of-the-art technology, there are
still several types of subject matter for which it is presently unsuited,
e.g., extremely dynamic data which is continually changing. But in cir-
cumstances to which it is adaptable, it can solve many problems that cannot
be readily handled by conventional methods, e.g., lack of instructors,
scheduling and general records keeping.

CAI is often called self-instruction because the student acquires
knowledge without the intervention of a human instructor. What, then,
becomes of the need for training personnel?



The role of the instructor is basically changed, but not eliminatea:>
He must devote himself to areas where the human capabilities are unique,
e.g., planning and counseling, developing remedial instruction for defi-
cient students, and providing information as a consultant to specialists
preparing new courses.

The job is changed, but the objective—--to produce competent personnel
who will be effective in their jobs--remains the same.

The following subsections, and subsequent paragraphs present a summary
of the findings of the CAI feasibility study.



2‘,) SYSTEMS REVIEW AND ANALYSIS

2.2.1 CAI Systems Review

Six CAI systems were reviewed in detail during the course of this
study. They are:

® The PLATO System at the University of Illinois

¢ The Time-Sharing System (TSS) at the System Development Corpora-
tion (SDC)

e The University of California at Irvine (UCI)
e The University of California at Santa Barbara

e The Philadelphia Independent School District--Project GROW
(PHILCO-FORD)

e The Stanford University projects--Brentwood and Walter Hays.

While not investigated for the purposes of this study, other CAI
systems exist and are either in the final development phase or have just
recently attained an operational status. Several are oriented primarily
toward educational research. Examples are: IBM, Yorktown, N.Y.; Dart-
mouth College, Hanover, N.H.; Massachusetts Institute of Technology Proj-
ect MAC; Bolt, Beranek and Newman Corporation; University of Texas; Florida
State University; University of Pittsburgh; and the Westinghouse Corpora-
tion.

The reviewed systems are representative of the current activities
in CAI systems development and utilization.

There are three basic design concepts by which a CAI system can be
configured; viz., (1) totally centralized system——one in which the curric-
ulum data base is managed and controlled by a central processor with user
(student) terminals located adjacent to the computer or remotely located;
(2) totally decentralized system--one in which the curriculum data base
is assembled and transmitted to satellite computers which are remotely
located. The satellite computer performs the curriculum management and
control function and provides the information to terminals located adjacent
to the computer. Each area can then operate as an autonomous unit; and (3)
centralized curriculum control with decentralized automatic operation--one
in which the curriculum data base is managed and controlled by a central
processor complex with satellite computers (remotely located) completing




the interface with the terminal device. It should be noted that there
are numerous variations to these basic configurations. The various
approaches are governed by factors of economics and operational require-
ments.

Five of the reviewed systems were configured as totally centralized
systems and one as a centralized curriculum control with decentralized
automatic operations.

Each reviewed system consisted of a general purpose computer, mass
storage and a display-entry device referred to as a student terminal. Four
of the systems were entirely dedicated to CAI applications while the other
two were time-sharing CAI with other programs such as: scheduling, budget,
and counseling programs.

Each system uses its own author language for preparing (programming)
a curriculum for computer presentation. Four of these languages are con-
sidered state-of-the-art natural (English) languages; one is a modified
FORTRAN (CATO) and one is a special language, a modification of FORTRAN IV,
developed for on-line programming.

The student terminals in the various systems range from simple tele-
type devices with paper printouts to sophisticated terminals with special
keyboards, light pens, computer-driven film projectors and audio tape re-
producers, and CRT display surfaces.

Curriculums ranged from simple drill and practice exercises at the
first grade level to engineering electronics at the college sophomore
level. Based on the study, it appears that the programmed subjects have
a high degree of subject matter stability.

The most significant vet disturbing aspect of CAI is that each
system has apparently been designed completely oblivious to the efforts
of others in the CAI field. Each system is a unique design with different
operating concepts and educational philosophies. Unification of effort
and standardization of equipments are not, at this time, being considered.

Detailed results of the review are presented in Paragraph 3.2.1,
CAI System Design Concepts, and Paragraph 3.2.2, CAI Systems Review.

2.2.2 Survey of Programmed Instruction Utilization at Major Universities
and Colleges :

A survey was performed to determine the extent to which programmed
instruction systems and techniques were being applied at major universities
and colleges. Questionnaires were mailed to 149 various universities and
colleges on 4 November 1966. ;
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Responses were received from 56 institutions. Of those responding,
64 percent were engaged in some type of programmed instruction research.
The results are as follows:

A. Thirty percent were engaged in research for programmed texts,
but were not utilizing CAI techniques.

B. Thirty-four percent were involved in CAI activities.

C. Twenty-four percent utilized other programmed instruction
techniques in addition to CAI.

Although a significant percentage were involved in programmed in-
struction to some degree, most of the reported CAI activities were in the
early stages of development. Few institutions reported operational CAI
systems which presented curriculum on anything but an experimental basis.
Detailed results of the survey are presented in Paragraph 3.2.3, Survey of
University and College Activities in Programmed Learning.

2.2.3 CAI Systems Analysis

As was previously mentioned, the systems which have been analyzed
are: PLATO, SDC, Project GROW, University of California at Irvine, Uni-
versity of California at Santa Barbara and the Stanford projects--Brent-
wood and Walter Hays.

Investigations were performed on the student terminals, central

processors and author languages. A summary of each analysis is presented
in the following subparagraphs.

2.2.3.1 Student Terminals

Student terminals are hardware devices consisting of an entry
device(s) and in several instances, display devices which are used by
students and course authors to input information into the processing sys—
tem and monitor curricular material generated for the user by the computer
system. The remaining portion of this subparagraph summarizes the results
of the student terminal investigation.

There are three system configurations for student terminals typi-
cally utilized; viz., (1) centralized--in which the terminals are clustered
together and adjacent to the computer; (2) remote clustered--in which the
terminals are clustered together and are remote to the computer; and (3)
remote decentralized--in which individual terminals are remote from the
computer.
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Two types of terminals were being utilized in CAI. One type
utilizes a teletype or typewriter-like keyboard which provides paper
printouts of the curricular material. The other type uses a combination
of special keyboard(s) and light pen devices supplemented with a visual
display system; e.g., CRT, TV, and 35mm slides. None of the visual dis-
play systems have a hardcopy capability. The terminals which consist of
either a teletype or typewriter-like device do, however, provide a paper
copy printout as a result of the normal printing process.

Simplicity of design and operation, cost, ease of maintenance
and availability are the apparent reasons for utilizing the teletype key-
boards or typewriter-like devices.

Terminals, whose capabilities are limited to computer-entry and
paper-copy printouts, are being utilized with simple curriculums which are
presented with elementary teaching logics and strategies. This is under-
standable when consideration is given to the limited display capability
provided the student.

Terminals with visual display capability are used to present com-
plex graphic displays, block diagrams and textual statements which incor-
porate tutorial and inquiry logics with linear and branching strategies.
Refer to the definitions in Appendix A.

Terminals with visual display systems were found to be configured
in a central cluster, while terminals without visual display capability
were generally remote from the computer. It can be concluded that the high
bit rates encountered in the former method make it extremely cost-prohibitive
for remote terminal application.

The visual display systems investigated were limited in the amount
of characters that could be presented. All had a specific character font
fixed character height and width, and a maximum repertoire of 128 characters.
All had limited vector-generation capability. There is no apparent need for
additional display capability for any of these systems since each system's
applications are well within the system capacity. Based on the analysis,
the following conclusions have been reached.

A. None of the terminals with visual displays are adaptable to
other systems because of certain hardware constraints, i.e.,
interface equipments and display system organization, and/or
the author language instructional repertoires. The terminals
have each been tailored for a specific system or application.

B. Terminals are not readily expandable nor are they hardware
flexible.



Terminals incorporating visual display capability and special
keyboards are considerably more expensive than the terminals
which consist of a simple teletype or typewriter-like keyboard.

When amortized over a 5- or 6-year period, the purchase cost
of the terminal with visual display capability approaches that
of the rental costs for the terminals with teletype or type-
writer-like keyboards. When translating cost into capability,
it is found that the visual display terminal can present more
complex curriculums, operate with more involved teaching strat-
egies, and in general provide significantly more data to the
user per unit time. When consideration is given to these
factors, it becomes apparent that the terminal with visual
display capability (CRT or TV) is superior to the terminal
with a teletype or typewriter-like keyboard.

It seems reasonable to assume that either the PLATO terminal,

IBM 1510 Instructional Display terminal, the Philco-Ford Model D-20 dis-
play terminal, or the Philco-Ford SAVI terminal could provide the capa-
bility necessary for limited flight controller training.

2.2.3.2 Central Processing Systems

The central processing systems of seven CAI systems; i.e., Project

GROW, University of California at Irvine, University of California at Santa
Barbara, PLATO, SDC, and the Stanford projects——Brentwood and Walter Hays,
were examined in the light of computer characteristics, (storage, speed,
function), terminal handling capability, and author language utilization.
The results are summarized in the following text.

With the exception of the Brentwood system, all the computers were

general-purpose and could be classed as small-scale or medium-scale machines.

Two of the. systems were time-sharing CAI with other functions in-

cluding such applications as: computational programs, scheduling, coun-—
seling, testing, and grading. The remaining systems were totally dedicated
to CAI. All were considered operational systems.

The two time-shared systems operate with typewriter-like keyboards

rather than the more advanced visual-display terminal. This appears to be
due to three factors: existing machine capabilities and limitations, the
large amount of storage required for visual terminals, and the costs and
difficulties encountered in transmitting high bit rate data over long dis-
tances (all the terminals are remotely located).
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All systems employ the same basic storage techniques. That is,
(1) data required in ‘'real-time" is resident in main core memory, (2) bulk
data, which must be retrieved during course presentation, is stored in
random-access memory, such as magnetic drums, magnetic disc files or disc
cartridges, and (3) historical data, e.g., performance records for each
student are stored on magnetic tape.

Main memory organization and programming techniques are, for the
most part, considered as proprietary information by personnel associated
with the reviewed systems. Generally, each terminal is allocated a small
portion of main memory for storage of curricular material and presentation
logic. As the student sequences through the data, it is replaced with
newer material from the random-access memory. The executive routines, I1/0
processing programs, real-time student record processing programs, and
library storage areas consume the remaining portion of memory.

Bulk data, i.e., curricular material and presentation logic, are
stored in random-access memory in 6-bit character form. The average bulk
storage required per system was approximately 30 million characters.

Each system operates with a unique author language, e.g., Project
GROW uses INFORM, PLATO uses CATO, University of California at Irvine uses
Interpretive Coursewriter, University of California at Santa Barbara uses
FORTRAN IV, Brentwood uses Coursewriter II, Walter Hays uses Teacher/Student
ALGOL (TSA), and SDC uses PLANIT.

Four of the systems were in the process of redesign and will be
upgraded with larger and faster computing systems. The rapid growth ex-
perienced by these systems and the diversification of applications appear
to have prompted the redesigns.

Based on the analysis, the following conclusions have been
reached:

A. The number and type of terminals to be serviced by the com-—
'~ puter is a major influence on the quantity of rapid access
memory required.

B. Machine speed and word size do not appear to significantly
affect system operation.

C. The amount of mass storage (i.e., random access and bulk
storage) is a function of the curriculum length, complexity,

and presentation logic.

Refer to Subparagraph 3.2.4.2 for the detailed analysis of the
central processing systems.
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2.2.3.3 Author Language

Author languages are special software programs which enable
course authors to enter curricular material into a central processing
unit and program the sequence in which it will be presented. These lan-
guages differ primarily in terms of their intended educational purpose
and the given computer on which they can be employed.

Many different author languages have been developed, e.g., INFORM,
CATO, PLANIT, Coursewriter I, Coursewriter II, Interpretive Coursewriter,
BASIC, AUTHOR, COMPUTEST and MENTOR. The most significant point is that,
with the exception of CATO, all these languages are user-oriented rather
than computer programmer oriented. This enables the author or instructor,
familiar with the educational process, to program the computing system
without prior knowledge of computer systems operation.

Each author language has a repertoire of alphanumeric and mnemonic
codes which are used to program the computer in sequencing the curriculum
to the student. Languages developed for terminals with visual display sys-
tems differ from terminals operating with a standard teletype or typewriter-
like keyboards in that coordinates for data positioning must be specified
and special display commands are required such as: display erase, replace,
add, and overlay. Because of the additional control requirements, lan-
guages presently operating with terminals with standard teletype or type-
writer-like keyboards cannot present data on a visual display system.

INFORM and Coursewriter II were selected for analysis because of
their ability to control display systems and their user-oriented control
repertoire.

The INFORM language initializes the computer with the curriculum
and logiec through the use of punched cards, while Coursewriter II can use
either a punched card method, a typewriter entry, or the student/author
terminal.

INFORM and Coursewriter II both provide the same basic control
capability and each has a repertoire in excess of 60 instructions. Both
presently operate with digital display systems.

The actual coding process, using either language , is primarily
a manual operation. Both have display coordinates forms that must be
utilized for constructing graphic displays and both have coding forms
that must be used with the alphanumeric and mnemonic presentation codes.
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reached:

Based on the analysis, the following conclusions have been

A. Language repertoires are not standard and it appears that
standardization will not be effected in the near future. In
addition, each language is essentially tailored to the spe-
cific system with which it is associated. 1If CAI system de-
velopment costs are to be reduced, a more versatile language
or standard compiler must be developed.

B. None of the languages are natural to the extent that they
resemble the English language. As a result, several weeks
are required to learn the instructional codes in order that
the system can be efficiently utilized. As new languages
are developed, particular attention must be given the problem
of language naturalness.

C. Utility programs should be developed for use with the lan-
guages in order to ensure data reliability.

D. Author languages should provide the user with a computational
capability (perhaps slightly more sophisticated than BASIC).

E. The author language is one of the most important elements in
the instructional system since it is the device that presents

the curriculum programs to the computer, presents the particular

teaching strategy to the student, and maintains student per-
formance data. If it fails or proves inadequate, the entire
system is degraded.

F. Maximuin system utilization and the advancement of the educa-
tional process, using CAI, will not be fully realized until
significant advancements have been made in language develop-
ment.

G. Despite the above comments INFORM and Coursewriter II could
be used in the flight controller training program provided
certain system constraints are addressed and eliminated. The
primary constraints are the type of display system to be used
and the software programs that must operate with the author
languages.

Refer to Subparagraph 3.2.4.3 for the detailed analysis of the

author languages.
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2..74 Comparison of CAI Systems Capabilities Relative to Flight Control
Training Requirements

Six separate systems and their respective CAI curriculums have been
examined with respect to their applicability to flight control training
requirements. The curriculums were discussed from the standpoints of type
of course, course length, type of presentation logic, preparation time,
gross objectives, and complexity. Each system discussion considered ter-
minals, central processing units, author languages, curriculum-control
concept, and special techniques used in the system.

The existing flight control curriculum consists primarily of tech-
nical systems courses which encompass mathematics, science, and engineering,
and are of a highly complex nature. The gross objectives are to provide a
complex level of detailed conceptual and operational knowledge of network
and spacecraft systems to flight control personnel.

Curriculums presented by the systems examined included mathematics,
engineering, science, statistics, social sciences, education, languages,
reading, and spelling. Most course materials were prepared for elementary
through high school level with some at the college level.

The flight control courses vary in length from 3 to 40 class hours
while the average is approximately 12 class hours. The flight control
curriculum is dynamic in nature in that about one-third of each course's
content changes from presentation to presentation.

In general, the examined curriculums consisted of courses much
shorter than flight control courses. The course contents changed little
from presentation to presentation, thus differing from the flight control
curriculum.

Based on the comparison, the following conclusions have been
reached:

A. The nature of these curriculums differs from flight control
courses in that they do not present technical systems data at
the complex level required for flight control. The objectives
differ, as the curriculums examined are limited to demonstra-
tions, practice sessions, and introductory material at a less
complex level than that of the flight control curriculum.

B. Several systems utilized techniques applicable to the flight
control curriculum, and each system had several components
applicable for presenting the flight control curriculum via
CAI.
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C. The terminals of several systems had CRT display capabilityiﬁ“y
and were, therefore, desirable. The CPU of each system ap-
peared to be adequate for flight control training.

D. The dynamic nature of the course content of the flight control
curriculum makes a user-oriented author language desirable.

E. Four of the author languages were considered user oriented. Of
these, two were capable of driving CRT displays, but none had
a strong computational capability. The complex nature of the
flight control curriculum makes the availability of a computa-
tional capability at the terminal desirable.

F. None of the six systems examined displayed all of the capabil-
ities desirable for presenting the flight control curriculum.

Refer to Paragraph 3.2.5 for the detailed comparison of the systems

capabilities relative to flight control training requirements.

2.2.5 Development and Specification of Optimum CAI System Functional
Requirements

This paragraph summarizes the functional requirements for an opti-
mally designed CAI system, the functional requirements for the optimum
system for flight control applications, and the functional requirements
for an initial CAI system for flight controller applications.

2.2.5.1 System Design Criteria for CAI Applications

The ideal characteristics that an optimum CAI system must possess
were determined by outlining certain systems considerations, developing
the system storage requirements, author language requirements, and user
terminal requirements. These characteristics are summarized in the fol-
lowing Subparagraphs.

2.2.5.1.1 Total System Considerations

A. The overall system must be designed so that students and
authors are not required to understand computer operation
or utilization.

B. The system must have the capability of providing both group-
paced and self-paced instructions.
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C. The system must provide adaptive sequencing, automatic and
manual hardcopy control, and the capability to restart the
student at the precise point at which instruction was ter-
minated. (Refer to the definitions in Appendix A.)

D. The system must respond to an operator-actuated signal in
less than two seconds.

E. The system must be capable of processing certain student
performance data in real-time and maintain student per-
formance histories for off-line analysis.

2.2.5.1.2 Storage

Three types of storage are required for CAI. They are: rapid-
access main memory, random~-access memory and bulk storage. This provides
for storage of the curriculums, student records and administrative materials.

The curriculums should be stored in segments which represent
logical breaking points within the curriculum. Redundant storage should
be provided to reduce the probability of total curriculum loss.

2.2.5.1.3 Terminals

The terminal must provide for a wide range of alphanumeric or
specially coded entries to enable the student or author to assemble dis-
crete entries or English sentences. The materials presentation medium
must be a TV monitor capable of switching between computer-driven video
and closed-circuit television.

2.2.5.1.4 Author Language

A. The author language must have the capability of processing
English language statements from the user, as well as
irrelevant or inappropriate remarks.

B. The language must be generic in structure and provide the
author with the capability to write, correct and evaluate
curricular material.

C. The author language must be capable of performing complex
mathematical computations, processing complex student con-
structed responses, and performing a variety of instruc-
tions to ensure effective sequencing of curricular materials.
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D. The language must have the capability to program activities
other than CAI, e.g., the system must have the capability
to program stimuli and responses into simulation models
and process student responses to these stimuli.

2.2,5.2 Functional Requirements for the Optimum CAI System for Flight
Controller Applications

The optimum CAI system for flight control applications will
possess many of the ideal characteristics outlined in the preceding dis-
cussion. Examples of several characteristics not required are: audio
capability, slide projection, and access to standard broadcast video. The
following discussion outlines the specific functional requirements for the
user terminal, computer facilities and the location of each.

2.2.5.2.1 Terminal Requirements

The total number of required terminals was determined to be
a function of (1) the total number of hours that must be presented within
a given time frame and (2) the number of hours that the terminal will be
available for student use within that time frame. The individual param-
eters affecting each of these were determined and their interrelationships
analyzed. From this, the following formula was derived:

o -.h
r T
a
Where:
Tr = Total number of terminals required
Th = Total number of terminal hours that must be
presented
T = Total number of hours terminals will be
a available

Several assumptions were made during the development of the
relationship and are as follows: (1) an average student loading of 25
students per class, (2) two classes per day--each 5 hours in length, and
(3) the NASA Flight Control Qualification Section could modify present
scheduling constraints to increase the number of instructional hours per
day.
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It was necessary to consider six alternative system usage char-
acteristics in order to develop the final systems requirements. These
alternative characteristics are: (1) the current schedule should be main-
tained, i.e., 4 to 5 hour classes, (2) the available instruction time should
be increased, while maintaining the present curriculum volume, (3) the

time allocated for subject matter instruction should be increased and still
maintain 8-hour terminal availability, (4) the number of instructional hours
per day should be decreased, while increasing the number of terminal hours
available each day, (5) the current curriculum volume should be maintained,
while assuming 25 percent saving in-time due to nature of programmed in-
struction, and (6) the instructional hours and subject hours should be
decreased.

Of the six above, alternative number 2 was selected, and, based
on the selection, it was concluded that 37 terminals would be required.

The display system must be capable of displaying textual infor-
mation, diagrammatic information, and graphic representations. An analysis
of the types of displays to be contained in the flight control curriculum
indicates that the display system must provide:

A. A repertoire of 128 characters, symbols and numerals with
two character sizes.

B. 1000 to 1200 displayable characters when in a textual or
typewriter mode of operation.

C. Approximately 600 randomly plotted points or symbols when
in the random mode of operation.

D. Approximately 20 full-length vectors and 300 to 400 randomly
plotted vectors capable of extending up to a quarter length
of the display surface. Continuous point vector generation
is also required. '

E. A mixed mode of operation in which vectors, characters and
symbols are used for display construction.

A digital display system was recommended for the optimum CAI
system for flight control applications since display densities approaching
1200 characters will be encountered. 1In addition, initial systems costs,
expansion costs, and display distribution parameters appear to favor the
digital display system.

Three factors influence the type of entry device(s) required;
viz., complexity of input entries, input repertoire, and access times.
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An examination of the flight control curriculum and the assump-
tion that teaching strategies and presentation logic will range from simple
student testing to complex student-to-computer inquiries indicates the fol-
lowing capability is required:

e Character entry to enable English sentence construction

® Numeric entry to enable operation with computationally
oriented languages

e Symbolic inputs to enable the student to identify unique
functions related to orbital mechanics, guidance or mathe-
matics.

It was assumed that rapid entry into the computer is not a
requirement in training.

The advantages and disadvantages associated with the utilization
of teletype or typewriter-like keyboards, special keyboards, light pens
and writing tablets were analyzed. The results were that (1) one entry
device is required per terminal, and (2) a modified teletype or typewriter
keyboard is required to provide the capability to construct series of
mnemonic codes formed from upper and lower case letters, symbols and nu-
merals; enter numeric data in response to a query or for computational
processing; display CAI system status; provide input message correction
capability and provide an extended symbolic library to include those sym-
bols commonly used in subjects such as Orbital Mechanics and Electronics.

2.2.5.2.2 Computer Requirements

It was recommended that the computer system be fully dedicated
to CAI and associated activities.

The number of computers required is a function of the curricu-
lum control concept, curriculum complexity, number of student terminals,
and diversification of application. It was concluded that the required
number of machines would be determined by the type of machines which are
considered during the system design phase.

There is no requirement for computer redundancy since critical
functions are not being performed. -

The evaluative criteria for determining main-memory storage
requirements were developed and are as follows: (1) the number of termi-
nals simultaneously in operation, (2) the size (number of computer words)
of concepts or segments that must be stored for each terminal, (3) the
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complexity of the curriculum, (4) the complexity of the presentation logic,
(5) real-time student performance storage, (6) accessibility of mass stor-
age for handling main memory overflow, and (7) diversity of application.
Based on these criteria, an estimated 95,000 to 130,000 word locations
(assumed 32 bits/word) will be required.

Random-access storage is required to store a maximum of 4 sub-
jects, provide storage for 37 terminals, and provide storage for other
applications; e.g., stimulus models and administrative and student records.

The parameters affecting storage requirements were developed
and are as follows: (1) number and size of concepts to be stored, (2)
complexity of presentation logic, (3) diversification of application,
(4) administrative capabilities, and (5) display storage. Based on the
first two criteria, the following relationship was developed:

Ct = Cc + Cp

Where:

C. = Total characters required to store
material to be presented to user

C = Total characters required to store
curricular material

C_ = Total characters required to store
P presentation logic.

C. and C, can also be estimated by considering the amount of
CAI instructional time required. If the number of CAI instructional hours
are known (IHcpr), if an estimate of the number of frames that comprise an
instructional hour of CAI is available (F/H), and if the average number of
characters per frame can be estimated (C,;/F), the total characters required
to store curricular material (C.) can be calculated. The basic relation-
ship is:

c CAI

C =1IH x F/H x Ca/F

C. can be calculated by determining the number of CAI instruc-
tional hours (IHpap), average number of frames that comprise an hour (F/H),
average number of instructions per frame (I/F), and the average number of
characters per instruction (C/I). Thus:

Cp = IHCAI x F/H x I/F x C/1

Therefore:

«
L]

£ IHCAI x F/H (Ca/F + I/F x C/I)
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The parameters affecting these variables and their interrela-
tionships were analyzed. From this it was determined that storage must
be provided for 5 million characters of curriculum and presentation logic.
This would comprise 4 subjects and their concomitant presentation logic.
This is a gross estimate, however, since many of the variables are depend-
ent on the human element.

Administration and other applications will require an additional
200,000 characters.

Assuming the use of the digital display techniques recommended
in the study, approximately 148,000 words (assumed 32 bits per word) of
random-access storage or 370 to 444 raster storage delay lines would be
required.

- Standard peripherals will be required for off-line processing.
Word size should be a multiple of 6 bits or 8 bits (which corresponds to
standard character composition), and because of the diversification of
application, i.e., gaming, CAT and computations, it is recommended that
a machine(s) be selected with a memory access time of 2 microseconds or
less.

The total random-access storage requirements for curriculum
administration, display and other applications is approximately 20 million
characters. This will provide for growth and inaccuracies in the assump-
tions made and calculations performed. Additional curriculum storage would
be provided by the use of magnetic tape.

2.2.,5.2.3 8Special System Functional Requirements

To enable the student or author to retain certain portions of
the curriculum, hardcopy capability will be required and will be controlled
manually or automatically by the computer.

The author language implemented with the system must not con-
strain the overall system operation and must adhere to the following
generic requirements: (1) must be capable of driving a digital system,

(2) must be user oriented, (3) must have repertoire such that branches,
questions, adaptive sequencing, etc., can be specified by the author (refer
to the definitions in Appendix A), and (4) must have computational capa-
bility.

2.2.5.2.4 Computing Facilities Location

The factors which determine the location of the computing facil-
ities for the optimum CAI system were developed and alternative locations
were selected.
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The locations selected for consideration and evaluation were
Buildings 12, 30, 45, and 422. After weighing the considerations of
space availability, adequate cooling, ease of maintenance, student and
instructor accessibility, ease of installation and ease of management
control, Building 45 was selected as the most desirable location.

2.2.5.2.5 Terminal Location

The terminals can be integrated into the system in a centralized
configuration, remote clustered configuration, and remote decentralized
configuration.

The criteria used to determine the advantages and disadvantages
of each configuration were developed and are: access to equipment (instruc-
tor, student, and M&0), space requirements, maintenance, reliability, con-
trol of utilization, scheduling of equipments and personnel, permanency
of installation, ease of obtaining additional instruction, and cost.

Based on these evaluative criteria, the most efficient method
of integrating the terminals with the system is by means of the central-
ized configuration. This would require the terminals to be located in
Building 45, adjacent to the computing facilities.

2.2.6 1Initial System Functional Requirements

There are two basic categories of requirements for the initial sys-
tem; viz., curriculum preparation and presentation characteristics, and
systems hardware and software requirements.

During the development of the curriculum preparation and presenta-
tion requirements, it was recommended by the NASA Flight Control Qualifi-
cation Section that 1 or 2 instructional hours of curricular material be
provided with growth to 30 instructional hours. This constitutes the
number of hours in the Apollo MSFN which could be programmed for CAI.

The curriculum-oriented system requirements are as follows:

® Provide the capability of presenting textual, diagrammatic and
graphic displays

e Provide the capability of presenting linear, branching or com-
binations in the tutorial method

e Provide the capability of real-time student events processing
for grading purposes
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¢ Provide for less than two seconds response time

e Provide the capability to accept discrete entries or four-word
constructed responses

e Provide for the acceptance of curricular material via punched
card or through terminal control.

The hardware- and software-oriented system requirements are as
follows:

e Random-access storage is required for an estimated 418,500
characters of curriculum and presentation logic

e 8 to 10 user terminals are required (this was determined by
using the relationship

which was developed in Subparagraph 3.2.6.2.1,
e 900 characters and symbols are required when in a typewriter or
textual display mode

¢ The mixed mode must provide a minimum of 150 vectors and 300 to
400 characters and symbols

® A maximum of 100 characters will be dynamic and must be updated
as the data changes.

o The terminal must provide at least the upper—case alphabet,
standard teletype or typewriter symbol repertoire, input editing
and correction, and system status instructions

e Approximately 24,000 words rapid-access main frame memory are
required

e Standard peripherals are required in addition to 2 tape transports

® A memory access time of approximately 2 to 4 microseconds is
required with a word size of 30 to 36 bits.

2-22



N

2kw£6.l Initial Systems Configuration Alternatives

Two primary alternatives were developed for consideration as
initial system configurations; namely, (1) utilization of equipments con-
tained in Building 422, and (2) supplying terminal equipments to Building
45 while generating and distributing the curricular material from Building
12, 30 or 422.

With the assumption that either alternative could satisfy the
system requirements, the major factors which entered into the comparison
and provided the basis for the final recommendation were: cost; utiliza-
tion of existing assets, and implementation and utilization schedules.

Hardware and software implementation factors were addressed, using
the factors previously outlined. Based on the comparison, the most cost-
effective initial system design would be to locate the entire system in
Building 422. '

A basic design is submitted for consideration. The major elements
are: '

e Univac 418 main frame (existing)
e 2 mag tapes (purchase)
¢ A 750,000 character drum (existing)

e 32,000-word rapid-access core (existing)

1 SMCVG (existing)
e 8 CRT's (existing)
e 8 ASR's (existing)
It was determined that system reconfiguration would be minor

(essentially, the addition of a cable); the major difficulty would be
in the area of software development and equipment scheduling.
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2,3 1INITIAL SYSTEMS PROCEDURES, TECHNIQUES AND OPERATIONAL CONSTRAINTS

It was assumed that the initial system recommended in the study would
be implemented. An additional assumption was that the curricular material
used to demonstrate feasibility would be: Introduction to Flight Control
and Apollo Tracking and Trajectory.

2.3.1 Curriculum Planning and Preparation

A curriculum planning and preparation procedural system flow was
developed for initial system utilization. The areas that must be ad-
dressed are: selection of the subject material, design and development
of the lesson, validation and evaluation, conversion to CAI, coding, key-
punching and entry into the computer for final validation and utilizationm.

System modifications, flight control requirements, and mission
constraints were identified as the areas affecting the flight control
curriculum. When selecting subject material to be programmed for CAI,
the data must first be analyzed and organized by the instructor with
special emphases placed on subject matter stability.

The lesson design requires a detailed specification of the ob-
servable terminal behavior required and development of criteria or tests
to determine if the desired behavior has been achieved. The instructor
must then construct the individual frames with consideration given to
certain CAI coding functionms.

The frames must be tested and thus converted to CAI. This step re-
quires the instructor to develop the detailed teaching strategy and presen-
tation methods. Organization, coding, and keypunching or keyboard entry
of the material should be performed by technicians.

This entire programming is very time consuming. The majority of
time is required for planning and testing rather than writing.

2.3.2 Programming of Material and Input to the System

In order that the instructor not be restricted by the capabilities
of the system, it is recommended that display densities not exceed 1500
characters when in a typewriter mode.

Two character sizes should be available to the instructor; viz.,
0.28-inch and 0.l4-inch or 0.56-inch and 0.28-inch.
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Initially, the instructor should have the capability to position
up to 100 dynamic characters and symbols on the display surface. Display-

erase capability is to be provided, but the section of the display to be
erased must be specified.

Student performance data can be collected by the instructor through
use of the author language codes. Basic course flow command capability
such as BRANCH, DISPLAY and QUESTION will be provided to the instructor.

2.3.3 Terminal Operations

Each student must identify himself by student number and course name
in order to determine whether to operate in an author or student mode.

Each terminal will have the capability to input curricular materials
to the computer or respond to computer stimuli.

Student responses will be limited to simple constructed responses
of 4 words or less,
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2.4 COST EFFECTIVENESS ANALYSIS

Four categories are considered in any estimate of costs. There is,
first of all, the basic computer hardware which must be purchased, or
leased. The hardware has as an inherent cost, maintenance and spare parts
(the second category). A third category can be labeled "software," and
refers to all CAI-related computer programming, whether it involves the
development of a CAI language or the routine programming in getting some
segment of subject matter to run on a CAI system. The fourth category is
instructional design and program preparation. It is the fourth category
that has been considered during the study.

The factors influencing the development of the instructional system
and their relationship with the total system costs were developed in this
study. A comparison of the cost and effectiveness of the media was also
performed.

The results are summarized in the following paragraphs.

2.4.1 Instructional System Development Procedures

The four major elements that affect the development of the instruc-
tional system are: (1) course planning, (2) curriculum preparation, (3)
curriculum presentation, and (4) curriculum modification.

Each element was further broken down into its major components
with the results as follows: (1) course planning encompasses specifi-
cation of job requirements, performing a general training requirements
analysis, and development and specification of detailed training objec-
tives; (2) curriculum preparation encompasses the determination and
specification of detailed lesson objectives, development of lesson se-
quences, organization and preparation of detailed instructional content,
development of criterion test (refer to the definitions in Appendix A),
developmental testing of materials, and testing and evaluation of the
completed material; (3) curriculum presentation encompasses the presen-
tation of curricular material and testing of students; and (4) curricu-
lum modification encompasses altering course content due to changes in
the subject material.

Based on these procedural criteria, detailed costing equations were
developed for each medium and for each major element. The costing equa-
tions are presented in Table 2.4-1. Although many of the terms appear
to be similar, their derivations are considerably different.
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In addition to the detailed costing equations, the basic relation-

ships affecting the cost per instructional hours, cost per student and

cost per student hour were developed and are as follows:

Cost per instructional hour:

Total Cost = Mlean + Mﬂprep + MHpres + MHmod + 0C
TH 1H

MH MH
_ plan * "prep t oC
Development CostIH I

Cost per student:_

MH + MH + MH +MH ., 0OC
Total Cost = plan prep pres mod
s NS
Cost per student hour:
MH MH MH MH 0oC
Total Cost . = plan * “prep ¥ " pres ¥ "mod *
sh IH x AVS
Where: Ns = Number of students
IH = Total instructional hours
AV = Average student loading per curricular hour

s

The manhours expended for programmed instruction development are
for complete packages, and therefore, are nonrecurring costs. By that,
it is meant that a detailed analysis is performed and the curricular
material is properly sequenced and validated and will not require re-
vision. However, on the other hand, conventional instruction costs are
definitely recurring since many of the same development procedures must
be repeated preparatory to each class.

It was concluded that conventional instruction development and pre-
sentation and modification techniques, when performed with the same metic-
ulous care as programmed instruction, would expend approximately the same
time and incur approximately the same costs as programmed instruction.
Thus, it appears that manhours and costs of programmed instruction are
artificial and that other factors should be considered when selecting an
instructional medium.
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2.4.2 Media Comparison

The three instructional media, i.e., conventional instructionm,
programmed text, and CAI were compared in terms of their time and cost
relationships and effectivity.

Development times, which are the planning and preparation times for
conventional instruction, range from 7 instructor hours per class hour to
20 instructor hours per class hour. Programmed instruction development
times ranged from 11 development hours per hour of instruction to 320 de-
velopment hours per hour of instruction. The wide variation is attrib-
utable to the development of objectives and content organization. The
stringency with which these tasks are performed accounts for the bulk of
the total development time. An analysis by one university indicates that
these two factors, i.e., planning and preparation consume 59 percent to
73 percent of the total effort.

All of the statistical data available relative to conventional in-
struction indicates that conventional instruction does not and has not
adhered to the development criteria outlined. This, in fact, accounts for
the wide variation between media.

Preparation of materials for CAI will require the addition of two
new skills, viz., coder and keypuncher. All three media require the
services of instructor(s) and typist(s).

Typical development costs for programmed instruction range between
$395 and $3840 with an accepted average of approximately $1500. No cost
data was available for conventional instruction.

The time required to present a subject is a function of the cur-
riculum complexity and the terminal behavior desired of each student.

Conventional instruction requires the expenditure of time by in-
structors and students; programmed text requires only the students' time
expenditure, while CAI requires students, proctor(s) and equipment support
personnel. Relative to equipment support, it was assumed that CAI would
require one M&0 technician and two computer specialists.

The comparison to be made between the media relative to presentation
time is the length of time required to present a subject and the personnel
required to provide the presentation. In either case, the savings realized
could be expressed in terms of dollars. When each medium was compared and
contrasted, the result was a percentage of time saved by one medium as
compared to the others.
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An average student population of 30 students was assumed in attend-
ance at a 4-hour class. Based on manning requirements only, CAI requires
an increase of 13 percent over programmed text while the conventional
method requires 3 percent more than programmed text. Assuming that the
total number of hours taught by the NASA Flight Control Qualification
Section during 1966 (approximately 1906 instructional hours) could have
been programmed, the results would have been significant. Conventional
instruction would have taken approximately an additional 1900 manhours while
CAI would have required 6624 manhours.

An additional savings of time occurs with programmed text and also
with CAI if terminal availability is extended beyond the 8-hour work day.
If each student is provided all the necessary curricular material as is the
case with programmed text and CAI, it is quite probable that a large per-
centage of the students wlll complete the courses at home or after working
hours if terminals are made available.

The second manner in which savings could occur is in a reduction in
overall presentation time. Information received during the study indicates
that programmed instruction reduces the presentation times by an average
of 32 percent.

It was assumed that a 25 percent savings in presentation time would
be a more reasonable value. Based on that assumption, the curricular
material presented by the NASA Flight Control Qualification Section which
could be programmed (estimated at 264 instructional hours) would result in
a savings of 66 instructional hours. When multiplied by the student popu-
lation, a significant savings results.

The NASA Flight Control Qualification Section presented 1906 in-
structional hours during 1966. Assuming that all of these hours could be
programmed, 477 hours of instruction time would be saved.

Programmed text and CAI would eliminate the need for extensive
travel during curriculum presentation. It was found that this would pro-
duce a significant savings in per diem and travel expenses.

The time required for curriculum modification is a function of the
extent of the modification and how stringently the curriculum modification
criteria are adhered to. No specific modifications times have been uncov-
ered as a result of the study.

Effectivity was considered in terms of the proficiency and retention
of material by the student as a result of training.

2-30



ié

Extensive studies and research projects on student learning indi-
cate that programmed instruction provides increases in achievement aver-
aging more than 15 percent (the significant point being that the increase

in achievement is frequently accompanied with a savings in presentation
time).

Since an increase in student achievement is generally accompanied
by an increase in development costs, the obvious questions that must be
asked are, '"What percentage of achievement is required?" and "How much will
it cost?" These questions raise another question, viz., '"What price
must be paid in an attempt to avoid critical errors, improve performance,
and reduce supervision?"

In the final analysis, the tradeoff is between achievement and
development costs rather than achievement and time savings, since pro-
grammed instruction has demonstrated that a higher achievement can be
attained along with a savings in time.
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2.5 CONCLUSIONS AND RECOMMENDATIONS

Computer assisted instruction (CAlI) is feasible when considered as
only one resource in the instructional system. Other facets of this sys=
tem must be given equal attention. Its superiority is manifested in the
variety of instructional applications for which it qualifies. In light
of this, it is recommended that the NASA Mission Simulation Branch maxi-
mize the benefits which can be accrued through programmed instruction
techniques by integrating this new technology into the instructional system.

Existing CAI systems are not capable of supporting flight controller
training requirements. Therefore, it is recommended that efforts commence
for specifying the detailed requirements for the initial system and that
this effort be so directed that the requirements can be utilized for the
optimum system.

Available author languages do not provide the capability required for
flight controller training. It is recommended that specification and
development of an author language suitable for flight controller applica-
tions commence immediately. As a further recommendation, the specification
of requirements should be directed toward both the initial system and op-
timum system design. In this manner, maximization of efforts will occur.

The single most important aspect of programmed instruction is the
proper development of the curricular material. It is recommended that
the NASA Mission Simulation Branch re-evaluate the scope of the training
effort and then perform a comprehensive amalysis of the instructional sys-
tem to include: development of specific job requirements, specification
of behavioral objectives and organization of course content for the entire
flight controller curriculum. It is further recommended that this analysis
be performed by specialists knowledgeable in the appropriate areas of
human behavior with assistance from subject-matter specialists.
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SECTION 3
STUDY ANALYSIS

3.1 GENERAL

This section consists of several analyses which lead to the deter-
mination of the functional requirements for a flight control computer
assisted instruction (CAI) system.

Six representative CAI systems were reviewed and the operational
aspects and applications of each are discussed. A survey of universi-
ties and colleges was performed to determine the application of pro-
grammed instructional techniques within the various institutioms.

Eight types of student terminals and the central processors associated
with seven CAI systems were examined in detail. Two author languages
were examined and sample curriculums were programmed using each language.
The capabilities and curriculums of each CAI system were compared with
the flight control training requirements. From these analyses the CAI
system functional requirements for an optimum system and initial system
for flight control applications were developed.
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3.2 SYSTEMS REVIEW AND ANALYSIS

This subsection presents the findings of a CAI Systems Review,
University Capabilities Survey, Systems Analysis, comparison of CAI
systems capabilities relative to flight control requirements, and the
functional requirements for a CAI system for flight control applica-
tions,

3.2,1 CAI System Design Concepts

In general, the basic elements of a Computer Assisted Instruc-
tion System (CAI) include: the central computing facility, remote
terminal equipment, and the necessary communication links. In addition
to the hardware elements mentioned above, the student, the administrator,
and the instructor must also be considered important system elements; how-
ever, this subsection concerns only the hardware aspects of the system.

Three basic CAI system design concepts are discussed in subse-

quent paragraphs, TFactors of economics and operational requirements
govern the approach selected.

3.2.1.1 Totally Centralized System

This approach uses a very large central processor equipped with
ample core and large mass memory. All lines connect to this central
facility through a message switching processor located at the center.
Each console interfaces with the central processor over a high-speed
(voice grade) half duplex or full duplex telephone circuit. QRefer to
Figure 3.2-1.)

Obvious advantages of this approach are the absence of inter-
mediary equipment at the student terminals and minimal handling of
curricular data. Shortcomings are the complete dependence of the stu-
dent on data lines to the center, data line service costs, and the need
for complete terminal dependence on the center for performing every
function. Alternatives for handling data from the remote terminals are
depicted in Figure 3.2-2.

3.2.1.2 Totally Decentralized System

This approach uses processors at each cluster of remote ter-
minals with a medium size processor at the center. QRefer to Figure 3.2-3.)
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All processing of student data is accomplished at the remote terminal
site. Only large scale analyses are accomplished at the center. Thus,
each area operates as an autonomous unit., This approach has the advan-
tage of operating with a minimum of commercial data lines and permits
each cluster to operate with independent control of its terminals. Dis-
advantages include the high initial investment cost of equipment, lack
of real-time overall system control and the inefficient application of
data processing techniques,

3.2.1.3 Central Curriculum Control With Decentralized Automatic Operation

This approach consists of using a large-scale central processor
which handles all curricular material for all remote terminals. (Refer to
Figure 3.2-4,) ZLocated at each cluster of terminals and at the central
processor area are communication switching processors which have adequate
data processing capabilities to handle local processing needs. Adequate
random access memory permits storage of curriculum data with real-time
data retrieval capabilities. This arrangement permits a large number of
student terminals to have automatic access to the central processor over
a small number of data lines, It utilizes, but is not totally dependent
on, the central processor for its operation within a cluster of terminals,
and it permits system growth without degrading system speeds., Obvious
disadvantages are initial system costs and increased maintenance costs.

3.2.2 CAI Systems Review

This paragraph is concerned with a review of the major "large-
scale" CAI systems in existence in either an operational or experimental
capacity. '

Although other systems are involved in CAI, the systems to be
described in this paragraph were chosen because they are indicative
of the typical CAI system and will provide an overview of the various
techniques being employed.

To provide a broader understanding of activities and applications
relative to programmed learning, the results of a programmed learning
oriented survey of the major universities and colleges are contained in
Paragraph 3.2.3.
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3.2.2,1 Operational Description

3.2.2.1.1 Programmed Logic for Automatic Teaching (PLATO)

During the past 5 years, the Coordinated Science Laboratory
at the University of Illinois has developed and experimented with an
automatic teaching system called PIATO.

Three successive models of PIATO have evolved, each embodying
improvements indicated by the previous model. The first consisted of a
single student station connected to ILLIAC, a medium-speed computer
built at the University of Illinois. The second model consisted of two
student terminals and was initially connected to ILLIAC and later to a
Control Data Corporation (CDC) 1604 computer which serviced 10 student
terminals. The current model, which is designated PIATO III and is the
one to be described, has 20 student stations connected to the CDC 1604
computer.

PIATO III is a relatively sophisticated, high-speed, digitally-
driven CAI system. (Designers of this system prefer Computer Based Edu-
cation System (CBE.) The PIATO III system is capable of teaching 20 stu-
dents simultaneously. The subject material is presented by utilizing
either a tutorial logic or inquiry logic technique.

The new PLATO III tutorial logic technique, which has been
written for the PLATO compiler, provides a more flexible set of rules
for the instructor. The instructor may allow the student to respond
with long answers. Several "help" sequences are permitted and many
"judgers" are available. A "help" sequence is initiated by the student
and causes the program to branch to preconstructed explanations designed
to help the student. "Judgers" are special software routines which are
used to "judge' the validity of an operator input, e.g., a spelling
judger would display "SP" when the student makes a mistake in spelling.

The inquiry logic is designed to provide more student control
and afford the opportunity to ask questions of the computer. The stu-
dent's request will be received and interpreted and a reply will be made
based on stored information or calculations. This logic provides, in
effect, a syntax for students to use in communicating with the computer.
The student directs his learning by composing his own requests. Com~
puter responses are programmed by initializing a family tree of answers
and the appropriate judgers.

At present, the PLATO III has 19 operational tutorial logic
teaching programs and 8 inquiry logic teaching programs.
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3.2.2,1.1.1 PLATO Hardware System

The PLATO III system consists of 20 student terminals (pres-
ently expandable to 32) and a nontime-sharing 1604 computer. (Refer to
Figure 3,2-5,) Nontime-sharing means that the machine cannot be shared
with others who may, for instance, be compiling or computing at the same
time., PILATO III usurps the entire machine when it is operating.

The student terminal consists of a display surface and tele-
type typewriter. The number of usable plottable points on the display
surface are 488 in the X axis and 383 in the Y axis. This provides approx-
imately 15 rows of 32 characters per row.

Information from the computer destined for the display surface
is output to a storage tube where the data can be superimposed with back-
ground data from a 122-position, 35 mm computer-controlled slide selector.

The PLATO keyset is a standard teletype typewriter (Model UK-8)
which, through SHIFT and CONTROL key depressions, provide 96 unique inputs
to the computer. The keyboard is the control instrument for both the stu-
dent and the instructor., The system provides a mode lockout which will
activate only those keys which are required for student control during the
presentation of a specific subject. Each key has removable keycaps which
indicate the new function assigned to that key.

The CPU is a CDC 1604 computer with a 32,000-word (48 bits/
word) memory. The machine performs four major functions, namely: (1)
input and output switching of information, (2) real-time processing of
input data, (3) real-time control of slide storage and (4) mass storage
for teaching rules, character lists and tables and student storage tubes.

3.2,2.1.1.2 PLATO Software System

The software system for PLATO consists of a modification of
the basic FORTRAN language. A brief description follows., The Compiler
for Automatic Teaching Operations (CATO) is a modified FORTRAN '60 com-
piler with additional features to accommodate the uses of PLATO in teach-
ing operations and other experimentation. 1In addition to the usual FORTRAN
subroutines, there are numerous PLATO system subroutines available. Ad-
ditional subroutines can be added as the need arises.

With a basic knowledge of FORTRAN programming, it is relatively
easy to write a complete computer program for use with the PLATO system,
The user can express himself as a course author in CATO and the system will
compile and get his material ready for presentation,
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CATO automatically provides for multiple student time-sharing
of a CATO program, i.e., programming for one student provides the same
facilities for all students using the program.

3.2.2.1.2 Project GROW

The Philco-Ford Corporation is developing and implementing a
CAI system to be used by the Philadelphia Independent School District
(PISD). The initial design will accommodate four schools: two high
schools and two junior high schools. The schools involved are: German-
town, Roosevelt, Overbrook and Wanamaker; hence, the acronym GROW. As
of this writing, the fourth terminal cluster has been installed and par-
tially checked out. The system has programmed lessons stored in digital
form on mass memory at the school. When the student arrives at the con-
sole, he uses the keyboard to enter the code number specifically assigned
to him. The processor recognizes this information and through program
control, the lesson segments are displayed. As the student responds,
program control determines the correctness of the response, records the
operation and, if desired, provides reinforcing or connecting information.
(When the audio option is exercised, the same program control will select
the proper audio segment and activate the reproduce mode.

During the presentation of the lesson, the processor maintains
a record of the student's progress, permitting proper sequencing of mate-
rial for each student for instructions on following days. Initially, the
system will operate using the tutorial approach with linear and simple
branching strategies. As more experience is gained, complex branching
programs and perhaps mathematical programs will be employed,

3.2,2,1,2,1 GROW Hardware System

The system approach is that of central curriculum control
with decentralized automatic operation. (Refer to Figure 3.2-6.) A
large~-scale central processor complex performs the curriculum develop-
ment and statistical analyses. Communications switching processors are

located at each school; schools are connected to the central processor
by high-speed data lines.

The CPU is a Philco Model 2000-211 processor w1th a 32,000-
word (48-bit/word) core memory.

In addition to the main frame and core, the CPU consists of

tape drivers, card controller, punch and reader, flexowriter, line printer,
and I1/0 processor/control devices. A full complement of logical and
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arithmetic operations can be performed. The machine performs three major
functions, namely: (1) development, gemeration, storage, and distribution
of the curricular to the terminal clusters, (2) off-line problem solving,
trends analysis, statistical functions and arithmetic functioms, and (3)
communicates with cluster processors to accept on-line inputs from the
clusters and provide curriculum updates to the clusters.

The cluster processor is a Philco Model 102 processor with
a 16,000-word (32 bits/word or 65,000 characters) core memory. In addi-
tion, a disc with a 1 million character capacity is provided. The machine
performs the following major functions: (1) controls and processes ter-
minals and typewriter input/output messages, (2) interfaces with central
processor for transmission and reception of curricula or curricular related
parameters, and (3) stores the curricula (including display data) and
routes these data to the appropriate terminals.

Fundamental to the system are the student audio-visual inter-
faces (SAVI). The console comprises a CRT, light pen, keyboard device and
expansibility to include audio queueing.

The principal element of the terminal is a standard all-
channel Philco 12-inch television receiver with a usable display surface
of 10 inches x 7.5 inches. Three types of video data can be displayed
on the CRT surface, namely: processor generated images (digital video),
standard VHF-UHF broadcast television and closed-circuit television., Data
density for the digital wvideo is 800 characters with no shades of gray.

A 64-character keyboard of special design is provided for

student-to-processor control. Also provided is a ruggedized fiber optics
light pen for additional data management.

3.2.2.1.2.2 GROW Software System

The software system for GROW utilizes a general purpose soft-
ware package, curriculum generation programs, and test and diagnostic
routines.

The general purpose software for the central processor con-
sists of the following:

e Assembler - TAC

e Compiler - FORTRAN IV, COBOL, JOVIAL, MAD

3-13



e Data Handlers - REPORT, TOPS, LP, SIMSCRIPT and SORT

Statistical Analyses - STAT/2000.

Special languages for input and output control and management
control are also provided.

The curriculum generation programs consist of: (1) initial
curriculum generation programs, (2) curriculum modification programs, (3)
curriculum checkout programs, and (4) master curriculum file protection

programs,

A.

Initial Curriculum Generation Programs., These programs

provide the instructor with a series of formats for use
in generating the curriculum. The forms are designed so
as to eliminate completely any confusion concerning how
the instructor must interface with the computer. The
information on the forms completed by the instructor is
fed into the computer and compiled into a form acceptable
to computer operatiomns.

Curriculum Modification Programs. These programs provide
the author with the facility to modify the curriculum by
addition and/or deletion so that changes can be easily
incorporated.

Curriculum Checkout Programs. These programs provide a
means of stepping through selected portions of the curric-
uvulum to ensure proper content and flow. The instructor
is provided with curriculum diagnostic reports to facil-
itate the detection of computer recognizable errors such
as, discontinuity and endless-loop conditions.

Master Curriculum File Protection Programs. These pro-

grams are provided to prevent accidental destruction of
compiled curriculum segments. Modification of the master
file contents is controlled by a specialist.

When an authorized modification is made, the new segment
is incorporated into the designated file position and

any resequencing and recompiling of the file is handled
automatically. In addition, all modifications of the
student status file, necessitated by such sequencing,

are posted automatically. Listing and reports reflecting
the current status of the curricula and students are gen-
erated automatically for distxibution,.
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3.2.2.1.3 System Development Corporation (SDC)

The SDC has developed a time-sharing system (TSS) for on-
line interactive use. This system has replaced the original experi-
mental facilities. Prior to discussing the existing system, a brief
description of the original facility (CLASS) is provided.

The Computer-based Laboratory for Automation of School Sys-
tems (CLASS) facility developed out of studies investigating branching
effects in programmed instruction. An earlier experimental teaching
machine at SDC used a Bendix G-15 computer, a random access projector
holding up to 600 35 mm slides and an electric typewriter. The CLASS
facility had 20 teaching stations and 2 teacher stations on a Philco
2000 computer. Each teaching station consisted of a 2000 frame, manually
operated, 35 mm film strip viewer and a multiple-choice response device
including computer-controlled lights for indicating feedback. The teacher
console included facilities for monitoring the materials and responses of
any student, and inspecting student records on a CRT, The system was re-
configured and used regular teletypes and experimental stations attached
to a time-shared Q-32V, The terminal configuration on this system included
CRT display, light pen and button input, and Rand Graphic Input Tablet in
addition to keyboard facility.

Originally, the SDC TSS was a product of SDC's search for a
tool to support studies on ways to apply automated information proces-
sing techniques to the needs of military command and control systems.
The studies culminated in the implementation of a time-shared complex
of communication and digital equipment centered around an AN/FSQ-32
computer.

The early TSS had only 8 terminals. Presently, the TSS has
53 terminals serving approximately 500 authorized users. (Refer to
Figure 3.2-7.)

In addition to projects sponsored by the National Science
Foundation (NSF) and the activities at various institutions, the TSS
has been used in an experimental robbery report retrieval system for
the Los Angeles Police Department and in an information retrieval sys-
tem for the VA Hospital. The system is also providing a vehicle for
SDC's Salary Information Retrieval System (SIRS).

The SDC has devoted considerable effort to the design and
development of a new time-sharing system for operation on an IBM system
360 computer. This will provide an increase in time-sharing capacity
from 25 to 30 users to as many as 60 simultaneous users. The new TSS
is presently scheduled to become operational in 1967.
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: The TSS provides the capability to process programs for up to
30 usc_d without the intermediary services of an operator or programmer.

TSS users interface with the Q-32 through teletypes or other
terminal devices to converse with their own programs or with the Execu-
tive program which automatically regulates scheduling and traffic in the

system,

The Executive schedules requests in '"round robin'" fashion and
allots each user a specific amount of machine time. When the time ex-
pires, the program is moved into storage and another is read into core
memory for processing. A program requiring more than the specified
amount of machine time must wait until the input cycles back to its po-

sition,

Terminals serve both to issue commands (inputs) to the programs
and to receive responses (output).

The following paragraphs outline several TSS applications:

Ao

On-Line Programming and Debugging. With TSS, the user

can write and alter programs at his terminal. Through
the Executive the user has access to a number of program-
ming aids and error-checking systems developed for use
under time-sharing. One of these is TINT, a system de-
signed with features to assist the inexperienced user in
construction programs in the SDC-designed JOVIAL language.
TINT is also an aid in on-line debugging.

Data Base Systems. SDC has designed a system that allows

the nonprogrammer to perform complex data management func-
tions in an on-line, time-shared mode. LUCID makes it
possible for a user with little or no data processing ex-
perience to communicate with the computer in simple English,
The system has the capability to organize, manipulate and
perform various other operations on large collections of
data, commonly called "data bases." Another SDC system,
the General Purpose Display System (GPDS), permits the user
to construct his own tables, graphs and charts and have
them displayed pictorially on a CRT scope. GPDS utilizes
data bases written in LUCID. -

Programmed Instruction. The TSS is being used in the

development of educational systems for on-line student
instruction. The Programming Language for Interactive
Teaching (PLANIT) is the author language used with the
Q-32 system. The system is used to prepare either tutori-
al or branching instruction. The PLANIT system operates
in four modes: lesson building, editing, execution and
calculation. The first two allow the instructor to con-
struct and edit lesson frames and store them in designated

3-17



sequences. The execution mode allows presentation of- .-
this data to the student. The calculation mode can be
used as a calculating aid by either the instructor or
student.

Currently in development on the PLANIT system are (1) a
20-hour statistical inference course and (2) a counseling
course.

Refer to Figure 3.2-8 for a graphic representation of the
SDC TSS.

3.2,2.1.3.1 TSS Hardware System

The system approach is that of central curriculum control.
The Q-32, an IBM developed machine, performs the curriculum development
and statistical analyses and provides these data to remote and local
users. Remote users are connected to the Q-32 via high-speed data lines.
Refer to Figure 3.2-9,

The central processing unit is an AN/FSQ-32 computer with a
65,000-word (48 bits/word) core memory. An additiomal 16,000-word mem~
ory is provided for I/0 buffering.

In addition to the main frame and core memories, the Q-32
has approximately 600,000 words of magnetic drum storage, 4 mega words
of disk file, and 16 magnetic tape drives.

The PDP-1, which acts as the system I/0 device controller,
is an 18-bit machine with 8000 words of core. The PDP-1/Q-32 complex
performs the following major functions: (1) compiling and debugging pro-
grams, (2) on-line programming using both algebraic and list processing
languages, and (3) experimental CAI programs.

The terminals consist of Model 28 (6 in use) and Model 33
(22 in use) ITT teletype machines, SHIFT and CONTROL key depressions
provide 96 unique inputs to the computer. The keyboard is the control
instrument for both the student and instructor.

3.2.2.1.,3.2 7TSS Software System

The software systems for the TSS utilize several programming
languages, i.e., TINT, IPL-TS JOVIAL and LISP.
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”
' PLANIT, however, is the programming language which allows

a lesson designer to enter course content into the computer for use as

a teaching device. It will allow a lesson designer (LD) to enter ques-
tions, specify answers, and specify actions to take as a function of the
student's answers. The language includes statistical functions and a
mathematical capability which will allow an instructor to present prob-
lems, generate sample data for those problems, and query and evaluate
the student's response in terms of the samples generated and the statis-
tical routines which operate on them.

Provision is made for decision branching, recording, and
course editing,.

PIANIT also provides service functions for evaluating stu-
dent answers that depart from the expected response by making PHONETIC
comparison, KEYWORD match, and equivalent ALGEBRAIC matching. It also
allows one lesson to call on another, and any program (or subroutine)
written in JOVIAL can be added to the lesson and executed at any time.

PLANIT has four modes of operation which are defined as
follows:

A. EDIT Mode. This mode can only be used by the ILD. It
is through this mode that all lesson editing is done.
The LD can print frames, delete frames, and insert
frames. He can also display student's records, and
retain old lessons or retrieve new lessons. This is
also the mode in which PIANIT starts off. By using
the appropriate command the LD can enter any of the
other three modes: wviz., LESSON BUILDING mode, EXE-
CUTION mode, or the CALC mode.

B. LESSON BUILDING Mode. This mode is used to build les-
sons. Lessons are composed of frames; frames are com-
posed of groups; groups are composed of lines of infor-
mation such as textual material, questionms, anticipated
answers, actions, etc.

C. CAIC Mode. This mode is designed for use by both the
LD and the student and provides a powerful computing
capability. Explicit arithmetic expressions can be
evaluated (i.e., the indicated arithmetic is performed).
Mathematical functions may be defined and evaluated.
There are also a wvariety of "stored" functions and
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primitives for use in arithmetic expressions or in
function definitions: e.g., FACT(N) stands for N!,
ZTOP(X) stands for normal probability integral with
upper limit X and lower limit at minus infinity. Ma=-
trices may be defined also and the elements of these
matrices can be generated through function definition
and execution. While taking a course, the student

can use this mode in solving the problems presented

by the lesson. The lesson designer may use this mode

to define functions to be made available to the student.

D. EXECUTION Mode. This is the mode used for presenting
lessons to student. Once a lesson is built, it (or
parts of it) can be executed. If PIANIT is presenting
lessons where the answers require computation, the user
may interrupt the EXECUTION mode to enter the CALC mode
in order to compute his answers. He then returns to
the lesson EXECUTION mode to insert his answers and for
PIANIT to judge them as correct or otherwise. Alterna~
tion between these two modes is effected by the user
taking a single button action.

3.2.2.1.4 University of California at Irvine

The University of California at Irxrvine, California (UCI) is
engaged in a joint research project with the IBM Corporation to experi-
ment with new approaches toward the achievement of a totally integrated
information system within a university or campus. Principal emphasis
is given to three areas of work; viz., Instruction, Administration and
Library. ‘

The present system consists of an IBM 1410/1440 CPU function-
ing as a coupled system, i.e., memory to memory, 18 IBM 1050 terminals,
and an appropriate mix of disk and tape units which provide mass storage
for the curricula, statistical data, and scheduling information.

The project has four major objectives; viz., (1) to gain an
understanding of the nature of the university information system, (2)
design and implement an advanced educational application language and
operating system, (3) develop application programs which take advantage
of a remote terminal time-shared operating system and (4) design and
implement instructional, administrative and library systems which will
incorporate the experience gained from the application programs previously
developed.
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! The CAI system instructs approximately 500 college students
on an accredited basis. Remedial courses are also available to students
who wish to prepare for examinations and/or review basic programming and
mathematics. The courses offered are primarily linear. However, sev-
eral subjects have basic intrinsic patterns interleaved with the linear
program.

After presenting a new idea or concept, the computer asks the
student a question. The student enters his reply and receives recogni-
tion as to the correctness of his answer. If the answer is correct, the
computer proceeds to the next question or idea. If his answer is wrong,
a hint is usually provided to help him make his answer, and the computer
will wait for the student to answer the question a second time. Repeated
hints can be provided until the student answers correctly. Since a stu-
dent can answer a particular question in a number of ways, the preparation
of suitable material requires careful thought on how to present the mate-
rial, ask the questions and, in particular, anticipate the type and kind
of replies that a student may make. The interaction between the student
and the lesson material must be carefully planned in advance in order to
direct the student through the subject.

The course author may provide extra help for a poor student by
directing the computer to "branch" (i.e., skip ahead or back) to a reme-
dial sequence on the basis of either the student's response to a specific
question or his cumulative score over several questions. In the first
case, if the student responds that 2 plus 2 equals 6, the course might
be programmed to present more problems in simple addition. In the second
case, a student who missed over half the questions in a certain section
of the course might be reprimanded for his failure and urged to try harder.

When correctly programmed a computer is capable of accepting
a constructed response. This allows one to ask '"Who is the current Pres-
ident of the U.S$.?" rather than being forced to phrase such a question as
"Js it true or false that Johnson is President of the U.S.?" The computer
can also keep track of the number of questions the student has missed and
display this number to him at any point in the course which the author
desires.

To facilitate the preparation of computer material by an author,
the Interpretive Coursewriter Language has been developed and is in use
at UCI. The language allows the computer to process material which has
been prepared by the author according to the rules of the language. Cer-
tain situations in a course may not be handled in the most efficient man-
ner, but the author must conform to the rules of the language to have the
material processable by the computer.
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3.2.2.1.4,1 UCI Hardware System

The system approach is that of central curriculum control

(refer to Figure 3.2-10). The CPU consists of an IBM 1440 and 1410. The
1410 has direct access to eight of the eleven 1311-disk units, and five
7330 tape units. 1In addition, 100,000 characters of storage is provided
on the 1410. It should be noted that presentation of course material
requires that only 4000 characters of the program be resident in the

1410. A maximum of 20 different programs can be processed simultaneously.
The processed curriculum is relayed to the 1440 which buffers the data
_and outputs the information to the 1440 Transmission Control Unit.

The student terminal is an IBM Model 1050 which is similar
to the IBM electric typewriter., Proper activation of control keys provides
the necessary combination of control entry for CAI development and usage.

The keys on the keyboard include character and function keys.
The shift keys and the shift lock generate the up-shift code when pressed,
When the shift keys are released, the down-shift code is generated.

The keyboard function keys are:

e Space

e Backspace

® Line Feed

e Tab

e Return (returns the carrier to the left and moves the
paper up for the next line to be printed)

e Shift (and Shift Lock)
e Alternate Coding.

The alternate-coding key (ALTN CODING) is used with the top
(numeric) row of keys. ALIN CODING does not generate a code character,
Instead, while pressing and holding ALTN CODING, you can also press a key
in the top row to generate the output code for a particular control function,

For example, if you press ALTN CODING and the 5 key at the same
time, you generate an end-of-block (EOB) code. If the ALTN CODING key and
the 0 key are depressed at the same time, a cancel code is generated. These
are the only two codes needed for the CAI program, Although other control
functions are available, they are not necessary.,
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3.2.2.1.4.2 UCI Software System

The software system for the Irvine project is a modified
version of the DEAN time-sharing system developed at Yorktown Heights.
The modifications enable DEAN to time-share several projects unrelated
to CAI.

The author language, Interpretive Coursewriter, is a modi-
fied version of the IBM coursewriter language. Three categories of con-
trol inputs are provided for the operator. A brief description of each
follows:

A, Operation Codes. Operation codes are used to instruct
the computer when and how to process the text state-
ments, questions, and student responses of the course.

There are three types (levels) of operation (OP) codes:

1. The first type of OP codes provides control for (1)
materials presentation, (2) formulation of questionms,
and (3) collection of several second and third level
OP codes into a named group. The input coding for
these commands are: present (PR), question (QU),
and group (GR).

2. The second type of OP codes is executed after a stu-
dent responds to a question. The codes are used to
identify correct answers, wrong answers, and unantic-
ipated responses. ‘

The keyboard identification (ID) is as follows:

e Correct amswer (CA)

® Alternate correct answers (CB)

¢ Wrong answer (WA)

e Alternate wrong answer (WB)

e Unanticipated response (UN).

The author may use the code UC rather than UN, in

which case a message is typed out for the student,
Two other codes are provided; viz., next (NX) which
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allows Level 3 OP codes to be processed, and func-
tion (FN) which allows the author to call in special
functions.

3. The third type of OP codes provides the capability
to type (TY) statements to the student and continue
with the next operation. Type 3 OP codes must im-
mediately follow a Level 1 statement or follow a
successful Level 2 operation,

B. Branching. The execution of instructions by the com-
puter generally follows a sequential approach. However,
the author may desire to interrupt this pattern by
directing the computer to branch or transfer to a prob-
lem name somewhere in the course. For example, if you
want students who miss Question 5 in your course to go
back and do Problems 4 and 5 over again, you simply put
a branch operation following the WA statement.

C. Special Functions. All special functions have the OP
code, FN. There are three special functions within the
FN OP code; viz., keyword test (KWT), partial answer
test (PAT) and snapshot (SNAP).

In early 1967, an IBM 360 Model 50 system will replace the
existing system (refer to Figure 3.2-11). It is planned that this sys-
tem will have 524,000 bytes of core storage, 110 line/minute printer card
reader and punch units, and 4 tape units (45,000 characters, 1600 bits/
inch, and 4 disk units on each of 2 disk channels). The beginning com-
plement of remote terminals will be 40 IBM 2741 typewriter terminals
connected through two IBM.2702 tramsmission control units.,

Figure 3.2-12 is a representation of the current software
organization to be employed on the System 360-Model 50, As illustrated,
the Process Supervisor will initially time-share four programs, i.e.,
CAI, Enrollment, Irvine Symbolic Interpretive System (ISIS), and Budget
Control,

3.2.2.1.5 Stanford~Brentwood CAI Laboratory

In January 1963, the Institute for Mathematical Studies in the
Social Sciences began a program of research and development of computer-
based instruction. The initial effort, which was funded by the Carnegie
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Institute of New York and shortly thereafter by the National Science Foun-
dation (NSF), led to the comstruction of a computer-based laboratory for
learning and teaching on the University of Stanford campus. The campus
laboratory has been in operation since the spring of 1964, and has con-
ducted a program of instruction in schools nearby Stanford. This program
has particularly concentrated on elementary school mathematics.

In the summer of 1964, the Institute was granted a contract by
the United States Office of Education to establish a computer-based in-
structional laboratory at a public elementary school for the purpose of
investigating computer-assisted instruction over an extended period of
time.

The Stanford-Brentwood Computer-Assisted Instruction Laboratory,
which is the first to be an integral part of a public school, is housed in
a specially built laboratory at Brentwood Elementary School (Ravenswood
City School District) in East Palo Alto, California. The laboratory is
equipped with an IBM 1500 Instructional System operated by an IBM 1800
computer.

The Brentwood System is a computer-based learning laboratory
with equipment capable of presenting programmed instruction to 16 students
at a time. The laboratory is being used to teach mathematics and reading
to elementary school children and to collect data on their learning
behavior.

Presently, 100 children are participating in the project, in-
cluding all of the children who are enrolled in the first grade.

The children are sent to the laboratory at regular periods
each day. The children stay for a half-hour to study either reading or
mathematics and, at the close of the period, return to their classrooms.
Eight half-hour periods are presently scheduled each day.

The mathematics and reading instruction received 1s a coordi-
nated, cooperative program utilizing both CAI and traditional classroom
activities. 1In addition, the computer is programmed to provide printouts
of each student's progress. There are five reports compiled and printed
by the computer; viz., (1) daily reports listing the lessons each child
did on that day, (2) weekly reports reflecting the progress of each class
during that week (The weekly reports list the lessons and summarize the
individual response records of each student.), (3) monthly reports pro-
viding a summary of student performance, (4) semester summaries, and (5)
yearly summaries.
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3.2.2.1.5.1 Design Philosophy

The system approach is that of centralized curriculum con-
trol. The CPU performs curriculum development and control and is dedi-
cated to CAI, i.e., it is not a time-shared systemn.

The Brentwood system consists of a CPU, a station control,
disk storage, a card reader/punch, a line printer, video storage, and
instructional stations. The CPU and station control act as a link be-
tween the student and the course material stored on the interchangeable
disk cartridges, audio tapes, or film, (Refer to Figure 3.2-13.)

The instructional station consists of devices for presenting
course material to the student and receiving the student's responses.
The presentation devices include an instructional display, a typewriter,
a random access image projector, and a random access audio message de-
vice. The student input devices to the system include a keyboard, a
typewriter, and a hand-held light pen.

Course material for system presentation can be prepared from
instructional display, typewriter keyboards, or card punches. A 16 mm
camera is used to prepare master films for the projectoxr, and an audio
magnetic tape recorder may be used to record audio material. The course
is contained on one or more disk packs. Courses may be divided into seg-
ments and each segment treated separately.

3,2,2.1.,5.2 Stanford-Brentwood Hardware System

The CPU is an IBM 1800 with a 32,000-word (16 bits/word) core
memory. It is capable of accessing CAI course material from interchange-
able disk cartridges, interpreting course statements, analyzing student
responses, and controlling the instructional stations. *

Disk storage within the IBM 1800 provides the necessary
storage required for refreshing the 16 CRT's located on the terminals.
A disk storage capacity of approximately 4000 bytes is required for each
monitor.

The disk storage units provide interchangeable disk cartridges
each of which has a storage capabity of 512,000 words.

Courses are placed on disk storage until ready for use. A
minimum of one disk cartridge for the operating system and one disk car-
tridge for course material is required. The interchangeability of these
disk cartridges provides additional off-line storage.
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The 'IBM 1132 Line Printer provides for output of student
performance records, course listings, and any other required listings.
Printing speeds are 82 lines per minute for alphabetic printing and
110 lines per minute for numeric printing. The print line is 120 posi-
tions wide.

The IBM 1442 Card Read-Punch provides card input/output for
programs and data at speeds dependent on the operation being performed.

Each Brentwood System Student Terminal can be used in any
one of 3 modes: author, student, or proctor. (Refer to Figure 3,2-23,
Subparagraph 3.2.4.1.6, "Terminal Characteristics.") The devices avail-
able to the station are:

e 1518 Typewriter

e 1512 Image Projector

e Audio Tape Drive-Play, and Play/Record
e Light Pen (No information available).

A. 1510 Instructional Display with Keyboard. This display
contains a rectangular CRT for display of alphabetic
and numeric characters or images. It is under operating
system control, as directed by the course. All charac-
ters may be subscripted, such as 3;, or superscripted,
such as 3~. Author-defined picture symbols may also be
presented.

An emphasis indicator, in the form of special under-
lining, may be positioned and displayed on the screen

to highlight selected portions of visual displays, as
controlled by the course. This indicator may be stepped
along the screen to emphasize words or phrases.

The 1510 keyboard permits the student to enter his re-
sponse from the terminal. The student's keyed responses
are displayed on the screen to emphasize words or phrases.

The 1510 keyboard permits the student to enter his re-

sponse from the terminal. The student's keyed responses
are displayed on the screen. A cursor symbol is used to
indicate to the student where the next character on the
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screen will be displayed. The light pen is used by tue
student to respond to a question asked by an audio mes-
sage, or by the displayed text, to point to a specific
location on the screen. The position touched can be
interpreted by the course for accuracy. As the student
positions his light pen, an automatically generated
brightened area on the display will indicate the loca-
tion he is selecting.

1518 Typewriter. This typewriter can be used instead

of, or in addition to, the 1510 instructional display.
Through proper operation of control keys, 126 control
functions are provided. Course material is presented
to the student on the typewriter, and he can bype his
responses on the typewriter keyboard for entry to the
system. The student can check the accuracy of his re-
sponses by referring to this typed input.

1512 Image Projector. This projector holds a display

screen (9 inches x 7 inches) on which filmed images can
be projected in black and white or in color. It is a
tabletop device and can be controlled by the computer.
Images from a film stxip can be presented in any se-
quence. When the cartridge is inserted into the pro-
jector, the film is automatically threaded into the
projection station. Each frame is addressable, and

the system selects each frame for display as directed
by the course.

Audio Tape Drive-Play, and Play/Record. This device

permits the student to listen to audio material and to
record a recitation if requested.

The 1505 Audio Adapter contains the audio tapes and con-
trols for audio transmission to student stations and
audio recordings of student responses.

Each audio unit consists of a magnetic tape transport
system, controls for remote operation by the instruc-
tional system, and manual controls for loading and
unloading the tape. The tape for each audio unit is
contained in a manually inserted cartridge, and is
automatically threaded.
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A tape can contain 2 hours of audio messages for each
station, 40 minutes of which may be allocated to record
student statements. Each message may be as long as

5 minutes, and the messages may be presented in any
sequence., Each audio message is addressable,

3.2.2.1.5.3 Stanford-Brentwood Software System

The author language utilized in the system is Coursewriter II.
Each course statement, or instruction consists of four parts: the label,
the operation code, the modifier and the text., A brief description of
each follows:

A. Label. The label is optional and consists of from 1 to
6 alphanumeric characters (A-Z; 0-9). It is used as
an entry into the course and allows unique identification
of a course statement. Within a course segment, no two
instructions may have the same label. The first instruc-
tion in a course segment must be labeled. Subsequent
instructions must be labeled only if they are to be
reached by a branch (BR) instruction. Statements imme-
diately following each label are sequenced automatically
by the operating system.

B. Operation Code. The operation code is required in each
instruction and consists of two lower case alphabetic
characters which define the action to be performed on
the text part of the course statement.

C. Modifier. The modifier is applicable only to certain
operation codes and, when used, consists of a single
alphabetic character.

D. Text. The text contains a series of arguments, of which
the number, length, and contents depend on the operation
code. If more than one argument is required, they are
separated by special delimiter characters, If an argu-
ment preceding another argument is optional, it may be
omitted by simply writing a delimiter in its place.

Such an argument is then said to be "null."

Instructions of up to 123 characters in length may be

entered, including the special delimiter characters
but not including the label field.
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The Continuation Code in Column 72 is used only with
card imput. When punched, it denotes that the fol-
lowing card is part of the present course statement.
The Identification and Sequence number field in Col-
umns 73-80 may be used for course identification and
sequencing of cards or lines. Normally, this field
would be punched only for card input; it is never
entered when the author is entering course statements
through the keyboard.

3.2.2.1.5.4 Stanford-Walter Hays CAI Project

Separate from the Brentwood System, but an integral part of
the Stanford project, are the efforts being conducted at the Walter Hays
Elementary School in Palo Alto, California. (Refer to Figure 3.2-14.)
This school, in addition to five others, is experimenting with drill and
practice exercises in mathematics, spelling, and logic. Over 800 stu-
dents are provided drill and practice sessions each day. The instruction
received is supplementary to the daily instruction.

Although the physical system is simple and somewhat crude,
the obvious accomplishments and statistical information being gathered
are most impressive. A significant point that should be made is that
some students have been participating in the experiment for three years
and, yet, are still highly motivated. :

The schools involved in the project are:

® Grant Elementary - Cupertino, California

® Walter Hays Elementary - Palo Alto, California

o 0Oak Knoll Elementary - Menlo Park, California

¢ Clifford Elementary - Redwood City, California

e Ravenswood High School - East Palo Alto, California

o Costano Elementary - East Palo Alto, California,

Each of the schools is provided with ITT Model 33 teletype-

writers. Grant has 8, Walter Hays - 9, Oak Knoll - 4, Clifford - 4,
Ravenswood - 2, and Costano -~ 4.
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The system has a total of 16 users. The first five schools”
are considered as one user; Costano is the second user, and the remaining
12 users are situated in the laboratory on the University of Stanford
campus. The 12 users on campus are Philco READ systems used in curricu-
lum development. Costano Elementary is considered as a separate user
because it is experimenting with speech and audio,

The system concept is that of centralized curriculum control.
The PDP-1, in response to control signals from various teletype machines,
outputs the drill and practice exercises. Each teletype (31 active) inter-
faces with the CPU over individual phone lines.

The software package used for curriculum development is a
modification of ALGOL. The computer program provides for adaptive se-
quencing on a lesson basis, i.e., a student receiving material at one
level may be shifted to a higher or lower level based on performance.
It is important to note that adaptive sequencing is not the same as re-
medial sequencing.

Figure 3,2-15 illustrates a typical lesson on addition. Ref-
erencing the first problem, the computer prints 38, +, and 7. The student
must respond with the 45. The student is timed-out at approximately 15
seconds. This time frame is adjustable through initialization. Figures
3.2-16, 3,2-17, and 3.2-18 illustrate the type of statistical data being
compiled and analyzed at each school, and the types of status reports
submitted to the teachers.
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PLEASE TYPE YOUR NUMBER AND NAME.
! DEMO N. STRATION, GRADE 1

DRILL NUMBER C401000

THIS IS A LESSON ON ADDITION

M+ W
i

-+
.b»LOU‘

5 + _M_ = 99
WRONG

5 ¢+ _H_ = 99
WRONG> ANSWER IS 94

5 + = 99
TIME IS UP» ANSWER IS 94

— 17 = 59
TIME IS UP
+ 7 = 59

TIME IS UPs, ANSWER IS 52

+ 7 = 59
TIME IS UP» ANSWER IS 52

1 2
33
.48
TIME IS UP
Figure 3,2-15 Typical Lesson on Addition ASB700(A)
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1 2

33

*.4.8

TIME IS UP» ANSWER IS 3
1 2
33

.48

TIME IS UP, ANSWER IS 3

I+ I+
tu— omtw-—
Z
WWL AW WN

TIME IS UPs, ANSWER 1S5 9

(W o=
[

0
(A3

£ l+
o=l w
Z ok~

4 + 3 = _17

13 + 5 = _18

7
x.8

1
WRONG

7
.8
t S

Figure 3.2-15 (Cont'd) AB700(A)
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6 + _]2 = 18
g§_*+7 =15

36 + 8 = _44

TIME IS UP

36 + 8 = _44

M+
.

3 +5 =_¢g

8 +6 +7 = _21

END OF DRILL NUMBER C401000

19 JAN. 1967
1 6 PROBLEMS

NUMBER PERCENT

C ORRECT 10 63
WRONG 3 19
T IME-QUTS 3 19
WRONG

3

6
10
T IME~-OQUTS

4

5
13

290.6 SECONDS THIS LESSON.
CORRECT THIS CONCEPT» 75 PERCENT: TO DATE» 78 PERCENT.

OVERALL TIME: O HOURS» 55 MINUTESs 10 SECONDS.

G 0OD-BYE., DEMO. PLEASE TEAR OFF ON THE DOTTED LINE.

Figure 3.2-15 (Cont'd)
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Report C:

Item anelysis and averages per student.

An ltem anelysis is given which includes errors on second response

(errors >1) and average time to complete the problem, including typing

time.

The numbers given in the correct, wrong, and time-out columns

are on first responses only.

ITEM ANALYSIS OF DRILL

PROB.

VRAII D W

AVERAGES PER STUDENT

CORRECT
TIME OUTS
ERRORS

CORRECT

17710000
17/100.00
17/100.,00
17/100.00
17/100.00
1S/ 88.23
16/ 94.12
15/ 88.23
17/100.,00
1/ 41.17
14/ 82.35
15/ 88.23
16/ 94.12
17/100. 00
17/100.00
167 94.12
12/ 70459
17/100.00
16/ 94.12
12/ 7059

WRONG
0/ 0.00
0/ 0.00
0/ 0600
0/ 0.00
0/ 0.00
2/ 1176
1/ S.88
2/ 11.76
0/ 0.00
6/ 3529
2/ 1176
2/ 1176
1/ S.88
0/ 0.00
0/ 0.00
0/ 0.00
4/ 23.53
0/ 0.00
1/ S5.88
4/ 23453

18,0/ 90.00
e4/ 2.00
l1ed/ 6499

TIME OUTS
0/ 0.00
0/ 0.00
0/ 0.00
0/ 0.00
0/ 0.00
0/ 0.00
0/ 0.00
0/ 0.00
0/ 0.00
4/ 23.53
1/ 5.88
0/ 0.00
0/ 0.00
0/ 0.00
0/ 0.00
1/ 5.88
1/ 5.88
0/ 0.00
0/ 0.00
1/ 5.88

ERRORS »>1
0/ 0.00
0/ 0.00
O/ 0.00
O/ 0.00
O/ 0.00
1/ 5.88
0O/ 0.00
27 11.76
0/ 0.00
T/ 41617
2/ 11.76
0O/ 0.00
07 0.00
Oo/s 0.00
O/ 0.00
0/ 000
1/ 5.88
0/ 0.00
0/ 0.00
4/ 2353

LATENCY

8e7
4o
4¢6
Se1
4o
Se 7
4.5
T 8
4e 5
17.6
940
S5
5.8
448
44 4
Be6
8¢ 9
47
Seb
12.1

Figure 3,2-16

Item Analysis and Averages Per Student
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DAILY STATUS REPORT

SCHOQL: GRANT

TEACHER: SHIRLEY YAMASAKI
GRADE: 5

CLASS: 7

DATE: 13 JAN. 1967

TIMEs 3:51 PM

THE FOLLOWING STUDENTS ARE STILL ON CONCEPT 2

AND SHOULD BE ENCOURAGED TO CATCH UP.
MILLARD ROSE

MIKE TOOLEY

CAROL HOLT

THE FOLLOWING STUDENTS DID NOT RUN TODAY:
KA1l AMONDSON
PETER BERGER
JON WYATT

STEVE LOPEZ
ROBBI WAER
SHERYL MATHERS
LAURA WILLIFORD
PATRICIA WATT
KIM HOSKING
LAURA WATKINS
LISsA CHUNG

YOUR CLASS IS CURRENTLY WORKING ON:

CONCEPT 2. SUBTRACTION, VERTICAL AND HORIZONTAL

i- AND 2-DIGIT

CONCEPT 3. MIXED ADDITION AND SUBTRACTION
3- AND 4-DIGIT
MIX BORROW, CARRY

Figure 3,2~17 Typical Daily Status Report
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CONCEPT 25. SPECIAL DRILLS
ADDITION AND MULTIPLICATION

CONCEPT 26. SPECIAL DRILLS
SUBTRACTION AND DIVISION

THE AVERAGE PERCENT CORRECT FORs
CONCEPT 2 1Is 178
CONCEPT 3 1s 74
CONCEPT 25 IS 96
CONCEPT 26 1S 96

THE FOLLOWING STUDENTS SCORED ABOVE 90 PERCENT:
MATT COBB

KAI AMONDSON
TOM RAMBACK
DANNY BLAKE
PETER BERGER
SAM HUSMANN
MILLARD ROSE
MARK RODRIGUES
LUIS LLERENA
JON WYATT

JOE DELAMANO
STEVE LOPEZ
MIKE SELF
ROBBI WAER
LISA BEAN

- CAROL HOLT
SHERYL MATHERS
PATRICIA WATT
BONNIE LOCKYER
KIM HOSKING
TENLEY MITCHELL
LAURA WATKINS

THE FOLLOWING STUDENTS PERFORMANCE ON THEIR CURRENT
LESSON IS BELOW THEIR INDIVIDUAL AVERAGES!
MIKE TOOLEY

Figure 3.2-17 (Cont'd) AB702(A)
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STUDENT DRILL TRACE FOR CLASS 5.

123 MIKE DOYLE

DAY PRE 1 2 3 4 5 POST
TEST - TEST

LEVEL 3 2 3 4 5

PERCENT CORRECT 56 42 60 88 92 55 100

PERCENT WRONG 34 52 40 7 8 5 0

PERCENT TIMED OUT 10 5 0 5 0 c - 0

ELASPED TIME 230 221 203 166 142 125 ~ 103

24 SUSAN SLADE

1

YEAR TO DATE STUDENT REVIEW TRACE FOR CLASS 5.

123 MIKE DOYLE -
BLOCKS REVIEWED 52743232361 2I1 3

124 SUSAN SLADE

Figure 3,2-18 Typical Student Drill and Review Trace A3703(A)
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3.2.2,2 Systems Applications

This paragraph presents a summary of the curriculums which are
taught by the various CAI systems reviewed. Table 3.2-1 lists each sys-
tem reviewed and the application of the system. The systems application
‘includes a notation of whether the application is experimental or opera-
tional, the subject matter taught, the grade level and course lengths,
the method of instruction, the administrative uses of the system (simu-
lation, scheduling, grading) and appropriate remarks.

Other tables, Tables 3.2-2 through 3.2-4, provide summaries of
the subject matter taught by the PLATO System, summaries of CAI courses
at the University of California at Irvine, and summaries of CAI materials
under development at the university.
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TABLE 3,2-2
SUMMARY OF SUBJECT MATTER TAUGHT BY PLATO SYSTEM

TEACHING PROGRAMS

TUTORIAL LOGICS

1,

Perimeter of Polygons (PLATO I, II, ITII). A simple geometry demon-
stration lesson on perimeters designed to illustrate all the features
of the PLATO system (i.e., control keys, help sequences, judging,
evaluating, etc.), updated for each new version of the PLATO system.

Addition of Fractions (PLATO I, ITI). A demonstration lesson on
fractions showing the use of the PLATO keyset and improvements
(PLATO III version) in the flexibility of the teaching logic.

Introduction to Automatic Digital Computing (PLATO I1). Three
lessons comprising the first week of material taught in Math 195
(UCT): I. The Word as a Number; II.A. The Biquinary Code, B.

The Storage Unit; III.A. The Arithmetic Unit, B. Instruction
Format, C. The Control Unit, D. Execution of Single Instructions.
Data collected from student runs provided material for studying the
learning ability of each student, lesson effectiveness, and data rate
requirements of the PLATO system.

Introduction to Computer Programming (PLATO II). Seven lessons de~
signed to teach programming for the ILLIAC computer and written with
PLATO tutorial logic. Chapter titles included: 1. Number Represen-
tations; II, Binary Arithmetic; III. Negative Number Representa-
tion; IV. The ILLIAC Order Code (Part 2); VII. The ILLIAC Order
Code (Part 3).

Network Synthesis (PLATO II). Two short lessons in network synthesis
for electrical engineering students demonstrating circuit diagram
construction by means of the PLATO keyset and a judging routine
allowing a tolerance in numerical answers and a degree of freedom

"in the answer form.

Maxwell's Equation (PLATO II). Three lessons introducing material
on Maxwell's Equations to senior engineering students taking EE 355
(UCI): I. Introduction to Maxwell's Equations; II. Boundary
Conditions at a Surface of Discontinuity; 1III. The Wave Equations
in Free Space.

Things and Their Names (PLATO II). Two lessons in iﬁtroductory
secondary mathematics dealing with the subject of "Things and Their
Names", designed for incoming sub-freshmen at a high school.
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. .

8' N

10.

11.

12.

13.

14.

15.

16.

“ﬁhAOS (PLATO II). An exercise on number sequences written for use

with the studies on physiological correlates of mathematical discovery
in which student heart rates were recorded along with the lesson
responses.

Z00 (PLATO II). A second grade level mathematics demonstration
lesson (with a zoo theme) written for primary school children
visiting the PLATO project.

TEXT TESTER (PLATO III). A program designed to test new text-books
in which text materials are reproduced on slides with student answers
inserted from the keyboard. Teacher comments and lesson modification
are also able to be inserted on line. TEXT TESTER has been used to
present lessons in the following areas: a) Remedial Arithmetic from
the University of Illinois Committee on School Mathematics 7th grade
course (20 lessons); b) Politics Unit from the experimental materials
of the Social Sciences Curriculum Center (12 lessons).

Circuit Analysis (PLATO III). Lessons written for use in a University
of Illinois course for junior year electrical engineering students
(Electrical Engineering 322). The course has been presented for three
semesters each time in a different manner: a. Spring 1965. Twice

a week in the classroom, twice a week using PLATO (18 lessons). b.
Fall 1965. Once a week using PLATO, three times a week in the class-
room (9 lessons). c¢. Spring 1966, Four times a week for a three-
week period in the middle of the semester, half the class using a
tutorial presentation of the material, half an inquiry approach

(12 consecutive PLATO lessons, no intervening classroom work).

ARITH DRILL (PLATO III). Arithmetic drill sequences for low achievers
from sixth and seventh grades.

LIBUSE (PLATO III). 14 units (28 lessons) comprising a one semester
course, ''An Introduction to the Use of the Library," given to non-
library science majors at the University of Illinois (Library
Science 195).

Fortran Programming (PLATO III). Ten lessons on the Fortran program-
ming language written for students in business and commerce in which
the material is presented so as to be incorporated eventually into a
programmed textbook.

Special Demonstration (PLATO III). A program illustrating various

possible functions of the keys of a PLATO keyset, written as the pre-
face to some of the courses given on the PLATO system,

ARRAYS (PLATO III). Four lessons for fourth grade pupils (gabout one
hours each) using arrays of symbols.

3-49




TABLE 3.2-2 (CONT'D)
N

N
17. SEQUENCES (PLATO III). Nine one-hour lessons on recursive definitions
for high school students. '

18. QUANTITIES (PLATO III). Test development and studies of quantitative
aptitude in higher education students.

19. TEXT EDIT (PLATO III). (Some versions called BRAILLE). A tutorial
type teaching logic that permits textual slides, questions stored in
memory and plotted on the "blackboard”, and student inputs from an
auxiliary device (such as a BRAILLE typewriter), as well as on-line
editing. ‘

INQUIRY LOGICS

1. REPLAB (Responsive Environment Programmed Laboratory) (PLATO II and III).
A lesson in scientific inquiry based on the properties of the bimetal
strip in which the students inquire into the physical phenomenon in
order to describe, analyze, predict, control and explain it. Important
data is provided from student input for the multidimensional analysis
of the inquiry process. The lesson uses an auxiliary film sequence
to show the bimetal strip experiment.

2. PROOF (PLATO II and III). A program (with several versions) which
enables students to compose proofs of mathematical problems in a
logical manner, each solution or proof being judged only for viola-
tions in logic. The most recent version of the program allows for
insertion of lemmas in the proofs. The program provides a system
for collecting data on thought processes during methematical problem-
solving or for preparing instructional programs in the mechanics of
rigorous mathematical proof.

3. MEDICARE (PLATO II). A lesson for student nurses in the care of a
patient with myocardial infarction using an auxiliary film sequence
to provide the background material for the problem posed the students.
Student input provided data for analysis of each student's approach
to the solution of the problem.

4. ORDER (PLATO II). A timed exercise in numerical pattern recognition
(more simple than CHAOS) used with the studies on physiological
correlates of mathematical discovery.

5. ARCH (Archimedes) (PLATO II and III). A demonstration lesson using
PLATO as a simulated laboratory in which experiments based on Archimedes'
Principle can be performed such as making volume or weight measurements.

6. ALPHABAT (Alphabet Automatic Teaching) (PLATO III). A program designed
for experimenting with the teaching by PLATO of the letters of the
alphabet to two- and three-year old children,
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—
7" MAKING THINGS MOVE (PLATO II). An elementary science lesson based
on a second grade science unit written as a demonstration for primary
school children.

8. TEACHER (PLATO III). A lesson designed to demonstrate the operation
of the PLATO system to non-technical persons interested in preparing
lessons for PLATO.

9. Circuit Analysis (PLATO III). See Number llc under Tutorial Logic.

RESEARCH PROGRAMS

1., TALK (PLATO II1). Short program to demonstrate communication between
student stations.

2. EXPERIMENT (PLATO III). A program which controls real-time on-line
experiments in a secondary emission surface physics study and immed-
iately analyzes the experimental data, displaying the desired analysis
on the PLATO screen.

3. VERBOSE (PLATO III). A program making possible an elementary analysis,
in real~time, of a word chain generated by a subject's free association.

4. TEXTDOPE (PLATO III). An inquiry-type logic for author use in analysis
of student dope. Author can request graphs of latency or number of
errors, lists of answers, or can specify other statistics in which he
is interested, or sequential traces of individual student histories.

5. KEYSET 1 (PLATO III). A program to provide data for assessment of the
relative efficiency of different configurations of the keys on the
keyset so as to compare keyset input with input by long-hand writing.

6. CEWCODE (PLATO III). A general paired-associate learning computer
program providing an aglmost unlimited variety of configurations for
paired learning and response situations. The program has been used
in studies of the use of concepts and word-meaningfulness in verbal
learning.

7. CIRCLE (PLATO III). Program designed for use in the production with
the PLATO system of short, animated films for a language-free test of
interpersonal norms. Each film strip, or scenario, portrays an inter-
personal intention composed of discrete sequences of visual events
identified with abstract, theoretical components.

8. CONCEPT (PLATO III). A general concept attainment program allowing
up to three logical types of concepts rules and four methods of pre-
senting components.
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9.

10.

GIN-1 (PLATO III). A general program written to facilitate groﬁﬁ
interaction studies such as Inter-nation Simulation and Security-
Game studies. Messages can be written, edited, read, sent and

retrieved, the latter two under communication rules controlled by
decision makers.

VRBADV (PLATO III). A program designed to test C. E. Osgood's theory
of meaning by satiating components of denotated meanings, the effects
of satiation being demonstrated by disturbed performance on a non-
related task. The program individually administers experimental
sequences and allows measurements of latencies in situations where
the speed of presentation is critical.
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o TABLE 3.2-3
SUMMARY OF CAI COURSES AT UNIVERSITY OF CALIFORNIA AT IRVINE

CAT COURSES CURRENTLY IN USE

Introductory General Biology

"Mendel', a review of Mendeliam genetics, is being used on an
optional basis by approximately 50 of the 400 Biology I students,
Currently it is being expanded to include simulation of laboratory
experiments.

English A

"Synrev', a syntax review, is being used by 50 students who need
special help with grammar.

Introduction to Economics

"Ecin' is being used by 120 students as a required part of this
class.

Introduction to Psychology

Various units of CAI materials are offered on an optional basis
to the 125 students taking this course for credit,

Introduction to Communication Science

"Proceed”, a CAI course used in conjunction with a syllabus
entitled Introduction to Procedures and Procedure Followers,
is required of the 130 students enrolled in this class.

Maxrine Ecology

"Fishes', a taxonomic key, will be used by the 15-20 students who
take this class during the winter quarter.

COURSES AVAILABLE FOR STUDENTS TO TAKE ON THEIR OWN TIME

"Flag", a review of American history, and '"Govern', a review of
Americal government are available to students who wish to prepare

for the exam on American history and institutions which is a require-
ment for graduation. Approximately 50 students have used these courses
this quarter.
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"Alg-rev"”, an algebra review, and "trigl", an introduction to trié:
onometry, are available as remedial help for students who lack suffic-
ient background in mathematics.

"Fortran 4", an introduction to Fortran IV, is currently available for
any students or members of the staff who which to learn Fortran.

CATI COURSES IN PREPARATION

Mathematics for Social Scientists

"Math 5a'" will be an integral part of this course. Expected
completion: January 1, 1968. Estimated number of students: 150

Introduction to Socioclogy

"Soc'" will be a required part of this class during the winter
quarter, 1968. Estimated number of students: 125

Introduction to Geography

CAI materials are being prepared for use during the spring
quarter, 1968. Estimated number of students: 100

Introduction to Political Science

CAI materials are being prepared for use during the spring
quarter, 1968, Estimated number of students: 100

Introduction Ecology

CAI materials are being prepared for use during the spring
quarter, 1968. Estimated number of students: 20-25

Introductory Mathematics

"Math 1la', an introduction to pre-calculus mathematics, will
be used, in conjunction with this class for approximately 80
to 100 students during spring quarter, 1968.
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3.2,2,3 Software Languages Description

The following subparagraphs provide a brief description of some
of the more commonly used languages for programming numerical computa-
tions, i.e., algebraic languages and list-processing languages for the
processing of verbal information; i.e., author languages.

3.2.2.3.1 Algebraic Languages

A,

B.

c.

FORTRAN. At present, Formula Translation (FORTRAN) is the
most commonly used computer language for computational
mode programs. It was designed by IBM in 1954 for the

IBM 704, but is now available on almost every computer

in the world. It is an algebraic language which describes
calculations using expressions similar to those used in
algebra. As with all computer languages, FORTRAN has

many different "dialects," the three most widely used being
FORTRAN, FORTRAN II, and FORTRAN IV. Although there is

no consistency in the use of these terms, FORTRAN II usually
includes the use of logical "IF" statements and complex
variables.

ALGOL. Algorithmic Language (ALGOL) is a second generation
algebraic language, succeeding FORTRAN and having a some-
what more logical structure. ALGOL is not nearly as widely
used in this country as it is in Europe. There are, how-
ever, many American machines with ALGOL compilers, although
these compilers often omit some of the more esoteric fea-
tures of the language.

JOSS. The Johnniac Open Shop System (JOSS) is an algebraic
language which was developed by the RAND Corporation for
use at time-sharing, typewriter-like terminals. It can be
used either to program or to make the terminals operate as
electronic desk calculators. Because it is intended for
terminal use, it is designed to provide rapid feedback of
grammatical errors made by the programmer. Variations of
JOSS, under slightly different names, are now available at
UCI (JOSSI and ISIS), and at the University of California

. at Berkeley (CAI, not to be confused with computer-assisted

instruction). A version called TELCOMP is available for use
in the Boston area through Bolt Beranek and Newman.
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F.

BASIC. Beginners All-purpose Symbolic Instruction Code
(BASIC) is an algebraic terminal language, similar in some
ways to JOSS, which was designed at Dartmouth College for
use on their time-shared computer system. It is also used
at the General Electric Corporation (GE) and Ford Motor Com-
pany as a time-sharing language, and is available to other
colleges through the use of centralized GE machines.

QUIKTRAN. QUIKTRAN is a terminal-oriented version of
FORTRAN developed by IBM and available from them at term-
inals in certain large cities. Unlike JOSS and BASIC, it
uses the full complexity of FORTRAN.

PL/1. PL/1 is a new language announced by IBM for imple-
mentation on some versions of their System 360 computer
series. As of this writing, no experience is available

with PL/1 compilers. The language combines the features

of both an algebraic language and a symbol-—or list-
processing language. As an algebraic language it could

be called a "third generation" language, succeeding FORTRAN
and ALGOL. Because it combines algebraic and list-processing
facilities, it allows complex programs which use both lin-
guistic and computational modes.

FORMAC. FORMAC is an extension of FORTRAN IV which adds
the facility for formal algebraic manipulation--including
differentiation--to an existing language. Developed by
IBM in 1964, it is the most widely used language of this
type. Languages, like FORTIRAN for example, have the
facility for multiplying the expression (A-B) (A+B) if
numerical values are provided. However, FORMAC can oper-
ate on the same expression obtaining the result AZ-BZ,

JOVIAL, Jules Own Version of International Algebraic
Language (JOVIAL) was developed to provide a scientific
capability (much like FORTRAN and ALGOL) and at the same
time, provide a data handling capability much like COBOL.
JOVIAL was developed by SDC around 1960. Definitely user-
oriented, JOVIAL is a readable and concise programming
language, utilizing self-explanatory English words and the
familiar notations of algebra and logic.
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3.2;2.3.2 List Processing Languages

A.

B.

COURSEWRITER. Several modifications to the Coursewriter 1
language have been made since its inception, They are:
Coursewriter II, Interpretive Coursewriter (used at UCI);
Coursewriter II (used at Brentwood), and a new more power-
ful language under development which is to be called Course
Author Language (CAL). This language will be used with the
System 360 machines.

In brief, COURSEWRITER is an interpreter language of about
12 executable instructions or operation codes and 10 manip-
ulative commands by which an author at a terminal enters
and edits text material and branching logic. The edit com-
mands include INSERT, DELETE, and TYPE, and can reference
text by line only. The computer interprets the stored
instructions to present reading assignments, questions, and
replies to student answers. The student types the responses
he has constructed on a keyboard, and these responses are
entered into the computer for comparison with alternatives
previously stored by the author: the match between student
answer and computer alternative determines the next com-
puter reply. In achieving a match, the author can specify

‘a variety of conditions for recognition of responses other

than an exact match, including the presence of a portion of
a given list of items, and the ignoring of trivial charac-
ters, such as space and tabulation, in the student response.

MENTOR. Researchers at Bolt Beranek and Newman are giving
particular attention to a system in which an author-
instructor can implement training and testing of complex
analytic tasks, such as diagnosing medical ailments,
arriving at decisions in business and management, develop-
ing military strategy, and investigating scientific problems.
For this they are developing a teacher-author language
called MENTOR for use in constructing conversational tutor-
ial dialogues. The instructional program in this system

is in the form of logical expressions which determine com-
puter replies and subsequent material on the basis of what-
ever aspects of the student performance history the author
cares to designate. Typically, the situation is established
in which a problem may be solved by the gradual acquisition
of information. The student makes inquiries of declarations
composed from a list of acceptable terms, and the machine
processes these replies according to complex conditional
rules described by the author.

3-59



D.

i i
o
s

COMPUTEST. A simple, unsophisticated instructional author
language has been developed at the University of California
at San Francisco. The COMPUTEST language permits the con-
struction of simple question-and-answer dialogues, includ-
ing a skip-ahead form of branching. It is characterized by
the ease with which a person untrained in computer program-
ming may write sequences of material. The IBM 1620 computer
with typewriter and card input/output is used. Preparation
and input of instructions to the computer are by punched
cards; the typewriter serves as the student station., The
system includes the capability of grading the student's
responses to questioms.

CATO, The Programmed ILogic for Automatic Teaching Opera-
tions (PLATO) project at the Coordinated Science Laboratory
of the University of Illinois has developed a compiler lan-
guage for writing teaching logics or patterns for their

CDC 1604 system. It incorporates an extended FORTRAN with
their own language (called CATO) for specifying the logical
structure of an instructional sequence, and can accept CDC
1604 assembly language statements at any point. The pro-
grammer can prepare basic patterns (such as tutorial, in-
quiry, and simulation) into which any author can later
insert his particular teaching material. For example,
using a tutorial logic an author need write only the text,
right answers, and diagnostics to obtain a computer-controller
sequence of instruction; the computer has been programmed in
advance to fit arbitrary text and answers into a particular
type of dialogue. In another pre-programmed strategy, the
author may insert any text which he wishes to ewvaluate; the
computer has been programmed to ask questions and collect
data during presentation to students according to a partic-
ular pattern. A third type of strategy being explored is
simulation of laboratory or real-world situations such as
international relations. To accomplish these functions,
special routines have been written for judging student
answers by various complex criteria, plotting graphs on
student request, plotting data from an on-line physics
experiment, constructing and checking statements in a math-
ematical proof, monitoring physiological data entered over
supplementary input channels, and controlling supplementary
audio or visual displays.
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INFORM. INFORM is a language currently being developed
for the Philadelphia Independent School District through
joint efforts of the Philco Communications and Electronics
Division and the Philco TechRep Division.

The language has control provisions for generating graphic
data, tabular data, and controlling audio recording.

The author prepares the curriculum and structures each
lesson in the pattern considered most suitable for that
lesson. To assist in this structuring, three forms are
provided: Form 1 provides for curriculum description,
Form 2 provides for the specification answers and displays
to be viewed by the students and, Form 3 provides the au-
thor the means of specifying graphical and character
displays.

Nine operational commands are provided in the control
repertoire; viz.:

e Problem Command (P)

e Display Command (D)

o Examine Command (E)

e Test Response Commands (C, W, A, T, U, X)

¢ Unconditional Branch Command (B)

® Conditional Branch Command (B)

e Arithmetic or Load Branch Command (B)

e Figure Command (FIG)

® Graphic Command (GRA).

PIANIT. The author language, PLANIT, has been developed
at SDC to provide effective man/machine interaction with
the PLANIT CAI system.

PLANIT allows operation in four distinct modes: LESSON

BUILDING, EDITING, EXECUTION, and CAICUIATION.: The first
two modes permit the teacher to construct and edit lesson
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frames in various formats and store them in designated
sequences for later presentation to the student in the
EXECUTION mode. The CALCULATION mode is extremely useful
for mathematical subject matter and can be used as a cal-
culation aid for the teacher to build the lesson or the
student to perform the lesson.

"Concise'" or 'verbose'" options are available which allow
concise, abbreviated printouts where practicable, but also
allows greater explanation upon request.

At any point in building the lesson, the instructor may

use any of the four modes; thus, allowing the instructor

to try out lessons and make immediate improvements on-line.
Another important benefit is the teacher's ability to modify
the lesson quickly and easily after presentation, on the
basis of the student's responses.

Student answers that depart from the expected responses
may be evaluated through key word matching, phonetic com-
parison, or algebraic-equivalency routines.

The student may utilize the CALCULATION mode when he comes
to a lesson frame that requires computation. Although the
student has access to only the EXECUTION and CALCUILATION
modes, the lesson designer has access to all four modes.

3-62



-
1

al

3.2.3 Survey of University and College Activities in Programmed Learning

This section presents the results of a survey which was made to
determine the extent of programmed instruction techniques, applications,
and systems being utilized at major universities and colleges in the
United States. These results have been compiled from the responses to
questionnaires which were mailed on 4 November 1966 to 149 universities
and colleges.,

Of these 149, responses were obtained from 56 institutioms, giving
a 38 percent rate of response. Sixty-four percent of those responding
indicated that they were involved in programmed instruction research in
some capacity. '

Thirty percent of the respondents were engaged in the utilization
of programmed textbooks, but had not advanced to experimentation with CAIL.

Of the 56 respondents, 29 percent had teaching machines, (Autotutor,
Min-Max, etc.) available for either demonstrationm or instruction. Many
of these teaching devices were in the form of larnguage laboratories or
rapid reading machines,

Thirty-four percent of the institutions responding were involved in
CAI activities, Ten percent were utilizing CAI but were not concerned
with programmed textbooks. Twenty-four percent made use of both CAI and
other forms of programmed or automated instruction.

The results show that a significant portion of those queried were
engaged in some form of programmed instruction. Of those not actively
engaged in the area, nearly every response indicated that the institution
was seriously considering the use of CAI or programmed textbooks.

The fact that 34 percent of the respondents were working with CAI
belies the experimental nature of the concept. Few of the institutions
reported operational CAI systems presenting curriculum for other than
experimental purposes and those that were considered operational were in
the early stages of development. As a result of the developmental and
experimental nature of the existing systems, very little information con-
cerning analyses of the systems' benefits was available.

_ The survey results are presented on two tables which comprise three
sections. Information on Table 3.2-5 is contained in A and B below; in-
formation on Table 3.2-6 is contained in C.

A. Programmed Textbooks. The institution is listed along with the
subjects being taught by programmed text and the method of
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programming used (B-branching; L-linear; CPB-combination,
primarily branching; CPL-combination, primarily linear).
Comments and statistics are provided where applicable. Very
little analyses are available which address student perform~
ance or instructional efficiency.

Teaching Machines., A brief description or listing of teaching

machines at each institution is presented.

Computer Assisted Instruction. The following information will

be found on the second table (Table 3.2-6): The number of com-
puter systems on each campus is given along with a listing of
the specific systems with the application and language utiliza-
tion of each. The CAI instructional language used at each in-
stitution is listed, as are the courses taught by CAI and the
operational or experimental status of each course. The name

or acronym of each project and comments concerning the systems
are presented where applicable.
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3.2.4N CAI Systems Analysis

This paragraph outlines the significant points and conclusions
that were developed as a result of three different analyses. The sys-
tem's elements analyzed were: User terminals, computer central processors,
and author languages.

The terminals analyzed were those associated with Project GROW,
the PIATO system, SDC, University of California at Irvine, University
of California at Santa Barbara, and the Brentwood and Walter Hays sys-
tem, In addition, the Philco-Ford Corporation's, Philco Houston Opera-
tions' Model D-20 was discussed because of its several unique qualities
which are directly applicable to CAIL,

The computing systems analyzed were those associated with the
seven systems previously mentioned., Insufficient information was pro-
vided by the University of California, Santa Barbara, to maske a compre-
hensive evaluation.

The author languages analyzed were coursewriter II and INFORM.
These were selected for analysis since they were the only two that are
user-oriented and capable of controlling visual display systems.

The analysis is presented in the following subparagraphs.
3.2.4.1 Terminals
3.2,4.1,1 General

Terminals are hardware devices used by students and course
authors to input information into the computer processing system and
monitor curricular material generated for the user by the computer sys~-
tem, The terminals presently utilized in CAI systems range from simple
teletype machines to sophisticated display systems equipped with light
pens, random access audio tape reproducers, and specially designed entry
devices.

3.2,4,1,2 Configurations

Three basic system configurations for terminals are utilized
and will be addressed in this report as centralized, remote clustered,
and remote decentralized. 1In the centralized configuration, the termi-
nal devices are located in the same room or functional area adjacent to

the computing facilities.
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In the remote clustered configuration, the terminal devices
are located in the same functional area; however, the computing facil-
ities are physically removed and require phone lines or line amplifiers
to distribute the signals to the users.

The remote decentralized configuration is the same as the
remote clustered configuration, except that only one terminal is involved
at each location. Of the seven systems reviewed, four had adjacent cluster
terminals, two had remote clustered terminals, and one had a remote de-
centralized configuration. It is significant to note that all partici-
pants indicated that their long-range plans considered the use of a remote
clustered configuration, the obvious advantage here being that an in-
creased student population can be reached with a resultant decrease in
CATI costs per student.

Eight terminals were analyzed to determine the following
characteristics: input control, display capability, terminal flexibil-
ity, and expansibility. Two of the terminals analyzed, although not
associated with the systems reviewed, have incorporated into their de-
signs certain characteristics that are worth noting in the analysis. A
summary of these characteristics is presented in Table 3.2-7.

3.2.4.1.3 Display Medium

Three of the eight terminals examined have no visual display
capability other than a paper copy printout of generated information. Of
these three, two were presenting simple drill and practice exercises and el-
ementary facts and concepts. The third was presenting a course in statis-
tical inference., It seems reasonable to conclude that this type of ter-
minal is best suited for those subjects which require a minimum of display
data for student interpretation and comprehension,

Of the remaining terminals, three employ a digital/television
(D/TV) display system and two utilize an analog display system (stroke
writer). All are limited in the amount of characters (data density) that
can be presented; all have a specific character font and fixed character
height and width. The maximum repertoire is 128 characters. All have
limited vector generation capability, It is important to note that these
systems do not generate vectors in the conventional manner; i.e., specify-
ing a start point with a given slope and length, or specifying a start and
end point. Rather, vector gemeration is accomplished on a character basis;
i.e., within a given dot matrix used to construct a character, there exists
a finite number of combinations of dots which will produce vectors in a
variety of angles and positions within the matrix.
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3.2.4.1.4 Entry Devices

Four types of data entry devices were utilized; viz., teletype
keyboards, typewriter keyboards, special keyboards, and light pens.

Only one terminal used a special keyboard (experiments were
being conducted in on-line programming). Seven used a teletype or type-
writer keyboard, and of these seven, two used a light pen as a supplemental
control entry to the computer. The keyboard entry devices are used to con-
struct messages or multiple-letter inputs while the light pen is restricted
to discrete control entry. None of the terminals have the capability to
generate a signal which controls hardcopying equipment.

3.2,4.1.5 Conclusions

This subparagraph outlines the most readily apparent conclu-
sions that can be formulated from the foregoing analysis,

A, ©None of the terminals have built-in expansibility with
the possible exception of the Philco SAVI unit and this
applies only to audio.

B. None of the terminals are adaptable to other systems. As
previously mentioned, this is due to certain hardware con-
straints; i.e.,, interface equipments and display system
organization, and the author language instructional reper-
toire, It appears that terminals, like author languages,
have been personalized for a specific system or applica-
tion,

C. None of the systems are utilizing the light pens most
impressive feature; viz., data management., Nor are they
utilizing the capability to construct displays such as
graphics and schematics, It should be noted that to
utilize these capabilities would require sophisticated
software packages whose costs may not be offset by their
effectiveness when directed toward specific student popu=
lations.

D. Teletype and typewriter keyboard terminals are used in
remote cluster or remote single configurations while key-
board plus visual display terminals are used in adjacent
cluster configurations, This is influenced by the bit
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rates, update requirements, reliability, and cost. It is
much simpler and more cost-effective to drive a teletype
or typewriter keyboard terminal over a 60 words per minute
(wpm) or 100 wpm TTY line than it is visual display over a
high quality voice grade circuit or other relatively high
bit rate line.

The typewriter keyboard apparently has become an integral
part of the terminal unit. The primary factor influencing
this fact is that of cost. Typewriter keyboards can be
rented for a comparatively modest cost when considering
the costs incurred in designing special keyboards or modi-
fication of existing keyboards.

Although it is an accepted fact that typewriter keyboards
are not the most effective or efficient device for student
use, no one has as yet offered a solution or even a reason-
able suggestion as to its replacement.

When appraising the curriculum and the terminal devices,

it is reasonable to conclude that these types of devices
are adequate for present applications and will suffice for
applications in the immediate future (18 - 24 months).
However, the technologies being developed in the area of
curriculum design will rapidly antiquate this type of entry
device. A more versatile device must be designed which can
fully utilize the capabilities of the computing system.

When consideration is given to vector generation capability,
methods of presenting textual data, desirability of graphics
generation, and display update characteristics it becomes
apparent that the keyboard plus visuals terminal is superior
to the keyboard only terminal, Refer to Table 3.2-8. This
is manifested when considering that all new systems being
designed have visual display capability and all the systems
undergoing modification or planning modifications will be
incorporating visual display capability.

Terminals incorporating visual display capability are con-
siderably more expensive; however, when amortized over a

5 or 6 year period the monthly cost of the terminal with vis-
ual display capability approaches that of rental for the key-

board-only terminal. When translating cost into capability it
is found that the visual display terminal can present more
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TABLE 3.2-8

KEYBOARD ENTRY DEVICES

KEYBOARD ENTRY

KEYBOARD AND LIGHT

B TER DEVICE ONLY PEN PLUS VISUALS
1. VECTOR GENERATION NO YES - LIMITED TO BLOCK
CAPABILITY DIAGRAMS AND RELATIVELY,

SIMPLE GRAPHICS

2, PRESENTATION OF YES - IN A TYPEWRITER YES - RANDOM PLACE-
TEXTUAL DATA MODE ONLY MENT OF CHARACTERS OR
TYPEWRITER MODE
3. PRESENTATION OF NO YES
GRAPHIC DATA
4, GRAPHICS CONSTRUCTION NO NO

FROM ENTRY DEVICE

MESSAGE CONSTRUCTION
CAPABILITY

YES - NO APPARENT LIM-
ITATION ON NUMBER OF

INPUT CHARACTERS PER
MESSAGE

YES -~ PRESENTLY LIM-
ITED TO 128 CHARACTERS
PER MESSAGE

6. DISCRETE ENTRY YES YES
CAPABILITY

7. HARDCOPY GENERATION |YES - INHERENT IN SYSTEM YES
CAPABILITY

8. INPUT ERROR CORREC- YES YES
TION CAPABILITY

9. 'INSTANTANEOUS DIS- NO - UPDATED APPROX IS YES
PLAY UPDATE CHARACTERS PER SECOND

10. DYNAMIC UPDATE OF NO YES
EXISTING CHARACTERS

11, CHANGEABLE FONTS YES - IN SOME CASES THIS | NO - UNLESS EXTENSIVE

IS IMPRACTICAL PROGRAMMING MODIFICA-
TIONS ARE INCORPORATED
12, CHANGEABLE DATA NO NO ~ UNLESS EXTENSIVE

DENSITIES

PROGRAMMING MODIFICA-

TIONS ARE INCORPORATED
AND VISUAL DISPLAY

MODIFIED
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A

complex curriculums, operate with more involved teaching
strategies, and in general provide significantly more
data to the user per unit time. And, perhaps most impor-

_ tant, the computer is freed from simply being a page turmer
or frame reproducer and is enabled to provide complex cur-
ricular material in a variety of modes,

I. With consideration given to certain system aspects of CAI,
the capabilities of three of the terminals could be used
in flight controller applications; viz., IBM 1510 instruc-
tional system, SAVI, and PHO Model D-20,

3.2.4.1.6 Terminal Characteristics

As previously mentioned, the selection and development of
hardware equipment for CAI systems is determined by the following cri-
teria: adaptability, flexibility, expansibility, reliability, avail-
ability, and cost.

Adaptability is essentially a measure of how easily a terminal
can be utilized with a variety of systems, As an example, a teletype ter-
minal is not readily adaptable to a system that utilizes a visual CRT dis-
play device. However, assuming the instructional repertoire of the author
language used with the teletype system can control a terminal with CRT
capability, the terminal with visual display capability can easily be
adapted to the teletype environment.

Flexibility is an attribute which is determined by the number
of functions a terminal can perform in any given configuration and is a
function of software initialization and hardware configuration. Expansi-
bility is a feature which determines the additiomal capability (hardware
addition) that can be provided to a terminal,

Basic hardware constraints; i.e., coding, line rates, inter-
faces and terminal configuration, and the characteristics of the author
language utilized eliminate the characteristic of adaptability and is
therefore not discussed.

Reliability figures are not available and terminal availability
figures are of no significance in this analysis, and are, therefore, not
discussed, The following tables and figures discuss each terminal in
terms of the preceding characteristics,
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Figure 3.2-23 Stanford-Brentwood System Student Terminal
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Figure 3.2~28 Philco Alphanumeric Color Display Unit, Model D-20
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3.2.4.2 Central Processing Systems

3.2.4.2.1 General

This section presents the characteristics of the central pro-
cessing system associated with the CAI systems reviewed. This analysis
is not intended to be used as a guide for selecting a specific CAI sys~
tem, but rather to provide additional insight into the peculiarities of
CAI central processing systems, their basic characteristics, their com-
monalities, and the factors that significantly influence the system's
operation, '

Detailed information concerning each system examined is pre-
sented in Table 3.2-18, Central Processing System Characteristics, and

is organized as follows:

A, Type. Dedicated (D) or time-shared (T), special (S) or
general purpose (G)

B. Main Storage. Primary core storage capability of system

C. Word Length. In bits

D. Speed. Memory access cycle time

E. I/0 Channels. Quantity

F. Secondary Storage. Quantity and type of secondary storage

G. 1/0 Devices. Typewriter, printer, card reader, and card
punch (type and quantity)

H. Languages., Names of languages used in system for CAI or
related functions

I. Terminal. Type and capabilities of terminals

J. Number of Users, Number of terminal stations being utilized
for CAI

K. Storage Requirements. Main core required for CAI operations.

Of the seven systems examined, five were dedicated to CAI and two were
time-shared systems, Six systems were made up of general purpose computers
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and one was a special purpose CAI computer. The systems have main core
capabilities ranging from approximately 30,000 to 8,000 words with a wide
range of word lengths (from 16 to 48 bits),

The number of I/0 channels ranged from 2 to 32 depending upon
the needs of the system. Machine speed or memory access times ranged
from 2 to 5 microseconds, Each system has a typewriter, printer, card
reader, and card punch capability for peripheral I/0.

Each of the systems control between 16 and 32 terminals at
present, All seven systems have the capability of controlling a keyboard
for student entry of information. In conjunction with keyboard input,
three systems output curriculum on printers; one system outputs to a CRT;
one displays information through a CRT and slide projector; one outputs
to a CRT and, in addition, accepts inputs from light pens; and another
controls output by printer, CRT, slide projector, and audio while accept-
ing inputs from the keyboard and light pen. The I/O handling capabili-
ties of the various systems are presented in Table 3,2-19,

3.2.4.2,2 Primary and Secondary Storage

In each system the core storage is almost fully utilized for
CAI with the exception of the two time-shared systems, UCI and SDC. These
systems allocate core to other operations; however, in the SDC system the
major portion of memory is allocated for CAI. Areas -in core are allocated
for the operating program (interpreter, assembler, dictionary areas, time-
sharing system monitor), while specific areas are allocated to each ter=-
minal for I/0, display buffering, terminal status, and curriculum. In
six systems, only a small portion of the curriculum is resident in core at
any given time; the curriculum is read from a disc, a frame or concept at
a time and placed in core, Upon completion of the presentation of that
frame or concept, the curriculum core section (approximately 300 words per
terminal) is replaced by the next frame or concept from the disc. This
process continues as the student is sequenced through the curriculum.

The exception (i.e., SDC) reads all its curriculum into core
at once, thereby, requiring 43 thousand words for each user. This is a
purely experimental system and this mode of operation will be changed
when it becomes operational. With the available figures, it appears that
a CAI system driving 25 to 30 terminals will need from 32 to 36 thousand
words of main core, with secondary storage requirements contingent upon
the volume of curriculum.

Each system utilizes secondary storage of some nature for

curriculum storage and storage of student records and responses. Drum,
disk, and magnetic tape are used in varying quantities depending upon
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the particular requirements of each system. The curriculum may be stored
on disc or drum and read into main core in small portions. One source in-
dicates that 6 to 7 hours of course material can be stored on one 512,000-
word disc, Disc or drum may also be used as an extension of main core for
real-time operating program storage. Tape is generally used as a backup
storage for curriculum and may store such items as student responses and
records that do not require regl-time processing.

Meaningful data to determine core requirements are difficult to
obtain because of differences in programming techniques, I/0 processing
techniques, presentation logic, curriculum complexity, author languages,
terminal capabilities, student records and administrative processing re-
quirements, and use of random access auxiliary storage. Another diffi-
culty has been variations in the definition of terminology. For these
reasons there are a wide range of core storage figures for what seem to
be similar tasks. With this in mind, the present information allows only
gross estimates of core storage requirements for a system of any given
capability.

3.2.4.2.3 Author Languages

Author languages fall into two distinct categories ~ those
developed for use by the instructor (user-oriented) and those that require
a programmer (technical specialist-oriented) to code the curricular ma-
terial to be presented., Coursewriter II, INFORM, and PLANIT are examples
of user or author-oriented languages. Programmer-oriented languages are
CATO, FORTRAN, and the Program Assembly Language (PAS). Of the seven sys-
tems reviewed, four utilize a strictly author-oriented language (GROW,
UCI, Brentwood, and SDC), while three used only a programmer-oriented
language (PLATO, University of California at Santa Barbara, and Walter
Hays) .

3.2.4.2.4 Conclusions

It appears that the governing factors in determining the main
core requirements are the number and type of terminals to be controlled;
the complexity of the curriculum (matching to be performed, alternative
answers, branching loops, computations to be performed, and complexity of
information to be presented); the author language (number of operations,
nearness of language to machine code, presentation logic, and display
generation capability); and the administrative functions to be performed
(student response processing, student record processing, grading, scheduling),

Word length and memory-access time do not appear to be governing

factors in system utilization, but fall within the range of 16 to 48-bit
word length, and 2 to 5 microseconds memory access time.
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The central systems examined are self-contained and centrally
located to facilitate scheduling, maintenance and supervision, and access
by management. The only system that deviates in part from this is the
GROW system, which has remote processors for each cluster of terminals,
but still subscribes to self-containment of the central system.

From the analysis of the 7 CAI systems, it appears that the
processing systems for Project GROW, Brentwood, and PLATO could be uti-
lized in an initial flight controller CAI system. However, the diversi-
fication of application in which the optimum system for flight control
training will be engaged, eliminates the possible use of these systems for
an optimum CAI system.

3.2.4.3 Author Languages

3.2.4,3.1 General

Author languages are special languages used by individuals
for preparation of curricular materials for CAI and differ, primarily,
in terms of their intended educational purpose and the given computer
system on which they can be employed.

'0f the six major systems reviewed, four utilized author lan-
guages unique to their specific application, while the remaining two used
specially modified versions of a common language.

Additional system research and surveys indicate that, in nearly
every case, a different language or at least a language with internally
unique modifications is being employed. This is manifested by the list
of author languages that have been developed since the birth of CAI approx-
imately 8 years ago. For example: Coursewriter I, Coursewriter II, In-
terpretive Coursewriter, Course Author Language, INFORM, CATO, PLANIT,
AUTHOR, COMPUTEST, MENTOR, and to a lesser degree, LISP, TELECOMP, and
THOR are indicative of the variety of languages used for preparation of
curriculums for various applications of CAI.

This indicates that standardization of languages, systems, and
techniques is not a criterion for the design of instructional systems., Per-
haps most important is the indication that CAI languages must be further
developed before the full and complete utilization of a CAI system can be
realized,
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There are two major areas that must be comsidered in the evalu-
ation of author languages; viz., efficient computer usage and human factors

considerations,

A. Efficient Computer Usage. Efficient computer usage is de-
termined by the power, generality, and reliability of the
given software package.

1. Power can be thought of in terms of conceptual efficiency
and economic efficiency. 1In general, power can be re-
lated to the execution speed and the capacity of the
system; i.e., instruction repertoire, storage facilities,
and data access times.

a. Conceptual efficiency is the amount of coding the
author must input to perform certain computer tasks,
such as, presenting a line of text, updating a
counter, examining a register or generating a graphic
display. 1In addition, conceptual efficiency depends
on the ease with which one can undertake sophisti-
cated tasks, such as decision making based on stu-
dent performance (branching and adaptive sequencing).
It should be noted that no measure has been estab-
lished to determine the degree of conceptual effic-
iency.

b. Economic efficiency is the amount of code that is
processed by the computer in unit time; e.g., the
amount of code executed by the computer in a given
time for such functions as generating and displaying
a graphic display, generating and displaying a line
of text, or performing routines necessary to analyze
student performance.

2. Generality is the degree to which a language can prove
useful in a wide range of instructional applications.
It is also a measure of the ease with which a language
can be used with different systems. '

3. Reliability is the degree to which the language facili-
tates the detection and prevention of logical and no-
tational errors. The language assembler should detect
errors and facilitate communication with the programmers
so corrections will be efficiently performed.
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B. Human Factors Considerations. The second major criterion
by which CAI languages must be evaluated is the human
factors consideration.

1. The time necessary to learn 'the language well enough
to use it efficiently is an important consideration.
This is a function of the naturalness of the language;
i,e., its proximity to English. It should be noted
that the educational background and technical maturity
of the individual(s) using the language will influence
the learning time,

2., A second important consideration is the degree to
which the language allows easy and efficient editing
and debugging procedures,

All existing CAI languages are capable of providing some use-
ful contribution to further CAI developments. However, no author language
exists that possesses all the evaluative attributes outlined in the pre-
ceding text. Finally, consideration should be given to the standardization
of author languages or the development of a '"universal' compiler which
would allow the use of a standard author language on many systems, A de~-
tailed summary is presented in Paragraph 3.2.4.3.5.

3.2.4.3.2 Analysis

Based on the following generic set of evaluation procedures,
two author languages have been selected for analysis. 1In the selection,
two basic questions were asked; namely, (a) will the language be required
to operate in conjunction with and control of a CRT display system? and,
(b) will the curriculum be prepared and entered into the computer by non-
computer programmers?

An answer in the affirmative to question (a) eliminated all
but three of the languages. The language would be required to operate
with and control CRT's, and all but three languages lacked that capa-
bility. The three capable of operating with and controlling CRT's are:
CATO, IBM's Coursewriter, and Philco's INFORM. An answer in the affirm-
ative to question (b) eliminated CATO.  The curriculum would be prepared
and entered into the computer by a non-computer programmer, and CATO,
as mentioned earlier, is a modified FORTRAN '60 compiler with special
modifications which requires the talents of a computer programmer Spe-
cialist,

The two acceptable author languages, Coursewriter II and INFORM,

are discussed in the following paragraphs. Although Coursewriter II and
INFORM meet the criteria of the generic evaluation procedures, it should be
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noted that neither language possesses the capability to execute mathemat-

ical computations more advanced than simple arithmetic.

3.2.4.3.,3 INFORM

The language used with Philco-Ford's Project GROW is referred
to as the INFORM author language and the teacher who uses it, the author.
Using INFORM, the information included in the curriculum and the material
to be presented to the student is described on forms and subsequently punched
on cards, The computer processes and stores this course information and,
as directed by the author, displays it to the SAVI.

The flow of information through the system is illustrated in
Figure 3,2-34,

3.2.4,3.3.1 Forms

To communicate with the CAI computer system, the author must
write a series of author language instructions on specially designed forms.
The computer is capable of accepting these instructions written in precisely
specified formats on the forms.

To facilitate the preparation of subject matter and instruc-
tions in author language, three CAI forms, designated 01, 02, and 03 are
available. Each of these forms has a specific purpose and is to be used
to provide special types of information to the computer. As shown in
Figures 3.2-35, 3.2-36 and 3.2-37, the forms have titled and pre-numbered
groups of columns or fields to assist the author in their usage.

The forms contain fields used by the author to describe a
series of instructions (commands) to the computer system, Special features
of the commands are called parameters, and may also be specified on the form.
The author identifies or names a section of the course material with ''label".
Other fields on the forms permit "remarks" and “card sequence numbers', which
can be added by the author for reference purposes, but are not processed
by the computer,

The forms are divided into vertical columns, numbered 1 to 80,
corresponding to the columns on the punched cards. The forms provide the
information to be punched, column for column; these cards are subsequently
processed by the computer to produce the desired program and curriculum data.
The fixed nature of the forms and the requirement that the author write the
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information on the forms, according to specific rules, enables the coﬁﬁuter
and its programs to properly interpret and process that information.

A,

FORM 0l. The author normally uses Form Ol to specify the
desired procedural steps in his curriculum. These steps
are specified by writing commands or instructions for the
computer to interpret and perform; essentially, they
enable the author to specify the following operations:

Display information on the SAVI screen
Ask questions of the student

Examine the student's response for several different
answers

Branch a student forward or backward to a particular
point of instruction within the subject, to a remedial
area, or to an enrichment segment

Establish a point in the lesson where a student should
begin the lesson in his next session.

Form 01 contains the following fields:

COLUMNS FIELD FUNCTION
1-4 Label Name or number
identification
5-8 Command Instruction name
9 - 74 Parameters and Special features
Remarks of the commands

and authors com-
ments (optional)

75 - 80 Sequence Number Card sequence num-

ber (optional)

Columns 9 to 74 may also be used to describe literal
display information, as follows:

COLUMNS FIELD FUNCTION
9 - 32 Literal Answer Contains actual

answers specified
by the author
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COLUMNS FIELD FUNCTION

33 - 34 Row The half-line row
number (01-40) where
the data is to appear
on the screen

35 - 74 Literal Display The actual display
Area information pre~
pared by the author

FORM 02. Form 02 provides a means for the author to
specify the actual information to be displayed on the
screen and the layout of that information (data). The
author identifies this data on Form 02 as a figure, and
assigns it a number, which may be used to call it for
display at any desired point or points in the curriculum
procedures, Answers to displayed questions can also be
specified with their associated figure and answer numbers.

The two lines at the top of the form provide the author
with the fields necessary to specify commands and asso-
ciated data as in Form 01.

On the remaining columns of the form, display and answer
information may be described as follows:

COLUMNS FIELD FUNCTION
9 - 10 Answer Number A number assigned

to a specific
answer expected
by an associated

display

11 - 32 Answer The actual answer
expected

33 - 34 Row The half-line row

number (01 - 40)
where data is to
appear on the

screen
35 - 74 Display Area The actual display
prepared by the
author
75 - 80 Sequence Number Card sequence num-

ber (optional)
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C. FORM 03. Form 03 enables the author to construct de-
sired graphic displays, such as pictures or illustrations.
The author identifies this display by a name which may be
used to identify it for subsequent presentation during
the lesson,

This form contains the following fields at the top of the
form:

COLUMNS FIELD FUNCTION

5-8 Command Pre-printed GRA
’ for Graphic

9 - 12 » -Graphic Name A name assigned by
the author for this
graphic

13 - 16 Total Size Total size of the
(WD /HT) graphic in relation
to character size
(WD/HT, width and
height)

17 - 18 Sector Number Position number,
as shown in the
chart at the top
of the form (01 - 25)

19 - 74 Remarks Author's comments
(optional)

75 - 80 Sequence Number Card sequence number
(optional)

‘The actual graphic illustration is drawn on the dot layout
area (columns 9 - 72). Row numbers are pre-printed on the
form. The dot layout area is divided into 8 horizontal
character positions (width) by 4 vertical character posi-
tions (height).

3.2.4.3.3.2 Commands

There are four categories of commands available to the author;
viz,, Procedural commands, Figure (FIG) command, Graphic (GRA) command,
and Special (MACRO) commands.
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namely:

Eleven procedural commands are available to the author,

COMMAND

D

Q

DERIVATION
Display

Qpestion

Examine

Correct T

Wrong
Anticipated
Time-up
Unrecognized
Inclusive

Branch

Problem

J

MEANTNG

display data on SAVI screen

display a question(s) on
SAVI screen and request
student response

examine student response

These commands are used
in conjunction with the
E command

branch or go to a point
specified

restart a student at a
specific point after
being interrupted

The Figure command available to the author is:

COMMAND

FIG

DERIVATION

FIiGure
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PURPOSE

The figure command is used
to specify that the infor-
mation on the display por-
tion of the form is to be
referenced within the
course flow as a figure.




The graphic command available to the author is:

COMMAND

GRA

DERIVATION

GRAphic

- MEANING

The graphic command is used
to define graphics larger
than the normal character
size for subsequent call~up
by a procedural command

Five special commands are available to the author. They are:

COMMAND

DEFM

ENDM

DEFS

ENDS

3.2.4.3.3.3 Llabels

DERIVATION

DEFine Macro

END Macro

DEFine Segment

END Segment

REMarks

PURPOSE

This command is used to
identify a group of commands
so that it may be referenced
by Macro name throughout the
curriculum

Identifies the

Identifies the
course segment

Identifies the
course segment

Permits author

end of a macro

start of a

end of a

to "write" re-

marks to himself throughout

the curriculum,

Each command must be identified with a major label or minor
label. The major label is used to identify complete problem or concept
units within a curriculum or to identify logical breaking points within
a lesson, The minor label is subordinate to the major label and identi-

fies points within the given major label,

3.2.4.3.3.4 Parameters

Each Procedural command, in addition to labels, may have
parameters which the author must specify. Parameters provide additional
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or”gualifzing information about a command, There are 10 parameters associ-
ated with the procedural commands. They are: Figure Reference Number,
Screen Effect, Clock Value, 1st Operand, 2nd Operand, Branch Reference,
(2nd level) Figure Reference Number, Interpretation Mode, Answer Number,
and Iteration Number.

There are five parameters associated with the Figure command;

viz,, Figure Number, Segment, Graphic Delimiter, Answer Delimiter, and
Cursor Delimiter.

3.2.4.3.3.5 S8pecial Information Symbols

There are 10 special values, 11 special symbols, 6 delimiter
symbols, 6 delimiter modification symbols, and 2 keyboard convention sym-
bols, A breakdown of the symbols is illustrated in Table 3.2-20.

Collectively, the special values (R, A, I, O and E) determine
what effect the information to be displayed is to have on the information
already on the SAVI display. The L specifies that the information follow-
ing the display command is the actual information to be displayed. The
S specifies that the display area or Form 02 has more than one segment to
be called up during the course of instruction, KWN, ULE, and the omission
of both are used with the Examine command and check the student's response.

The special symbols /LT....../NE/ specify the types of con-
ditions that must be satisfied prior to branching from one area to another.
The special symbols "=" ,,, "/" specify the type of operation to be per-
formed prior to branching to another area.

The delimiter symbols are used to designate the limits of
parameters given with a command or the limits of a specific area on the
display screen. The delimiter modification symbols are used to override
the established delimiters and redefine them as some other character.

The keyboard convention symbols are self explanatory.

3.2.4,3,3.6 Counters, Switches and Return Registers

In addition to commands, parameters, and special values and
symbols, the author is provided with counters, switches, and return reg-
isters.

There are 32 counters available for author use and are iden-
tified as Cl through C32., They are used primarily for scoring. They
permit the author to determine, for example, the number of right or wrong
responses the student makes by counting them as the student goes through
the curriculum, and later checking the contents of the counter. The author,
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using the B command for arithmetic and load operations, can increment or
decrement the counters by any designated number. This capability allows
the author to assign different scores to different answers and to attain
a final score for the student,

There are also 32 switches available for author use and are
identified as S1 through S32. A switch is used to determine if the student
has gone through a particular program path., The switch is used to determine
whether or not the student has gone through the path once. If the author
is concerned with how many times the student has gone through a particular
path, a counter should be used.

There are 8 return registers available for author use and are
identified as R1 through R