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FOREWORD

One of the goals of Air Force Electronic Systems Division is the develop-
ment of a technology for automated training subsystems which could be built in-
to future Air Force information systems., Task 691709, Automated Training for EDP
Personnel, under Project 6917, Command Management Data Systems Software, was es-
tablished to develop that technology and apply it in experimental computer~direct=~
ed training subsystems in Air Force computer=bagsed information systems,

This final report describes one such subsystem which was developed for use
in the Air Force Phase II Base Level System, Dr, Sylvia R. Mayer, ESMDA, served
as Air Force Task Scientist for this effort which was accomplished between July
1967 and December 1969 under Project 6917,

This work was supported by Contracts F19628-C~0427 and F19628-68-C-0399
with System Development Corporation., Dr, John W, Cullen was Principal Investi-
gator with Mr, Richard S, Cowdery, Mr, Alfred K, Butler and Mr, Lawrence Harris,

The excellent support received from all members of the Air Force Development
and Test Team for this project is gratefully acknowledged. Special mention should
be made of the contributions of Mrs, Esther Georgatos, Air Force Directorate of
Data Automation, Mr, William Stevenson, Data System Design Center; Colonel William
Breeze, Sheppard Technical Training Center, and members of his staff: Mr, Charles
Pealor, TSgt Hackworth, SSgt Beaver; and Captain Warren Suzuki, Hq Air Training
Command,

This technical report has been reviewed and is approved,
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SYLVIA R, MAYER, PhD WILLIAM F, HEISIER, Colonel, USAF

Task Officer, Project 691709 Director of Systems Design and Development
Deputy for Command and Management Systems
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ABSTRACT

This report describes a study concerned with the design, development

and evaluation of an integrated Computer-Directed Training Subsystem
(CDTS) for the Air Force Phase II Base Level System. The development
and evaluation of a course to train computer operators of the Air Force
Phase II Base level System under CDTS control is also described. De-
tailed test results for validation of the computer operator course and
Formal Qualification testing of the CDTIS are presented. Conclusions and
recommendations with respect to the current CDTS recommendations for
additional capabilities and further implications are discussed.
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Section I

INTRODUCT ION

This final report describes a two and one-half year study concerned with
the designing, development and evaluation of an integrated computer-
directed training subsystem (CDTS) for the Air Force Phase II Base level
System. The purpose of this training subsystem is to finish on-the-job
training for data automation, staff-users and management personnel in
the operation and use of the base level system.

In addition to designing, developing and evaluating the CDTS the develop-
ment and evaluation of a course to train computer operators of the Air Force
Phase II Base Level System operation under CDTS control is described.

The Phase 11 Base Level Project is an Air Force-wide effort to provide
automated management systems at the base level. Equipment presently
installed at base level will be replaced by Burroughs B 3500 computer
systems. The B 3500 system is a modular system, featuring massive im-
mediate access (disk) storage and remote communications terminals. Its
Master Control Program is designed to facilitate on-line user interaction
with programs from the remote terminals.

The CDTS functions as other subsystems of the Phase II System. It conforms
to the standards and requirements of the Phase II System, without disrupting
normal system operations.

The application of the CDTS may vary with users of the Phase II Base Level
System. The program as developed is a multi-purpose, user-oriented, inter-
active, subsystem which permits the construction and presentation of new
lesson material or modifications to existing material without requiring
programming changes.

lessons may be designed and constructed to satisfy a variety of training
requirements (e.g., initial training in a specific specialty, upgrade train-
ing, or proficiency training). The program presents the requested lesson
at a remote communication terminal for individual on-line training sessioms.
When appropriate, computer material is augmented with off-line exhibits and
instructional material.

Although the program has been designed to be compatible with other Phase 11
Base Level System applications, CDTS was initially used to construct and
validate a computer operator's course. Students at the Sheppard Technical
Training Center were used as subjects during validation.

Contents of this report.

Part II of this report describes: (1) the Burroughs B 3500 system in which
the CDTS operates, (2) CDTS itself, and (3) the Computer Operator's Course.




Part III discusses the testing and evaluation phase of the study conducted
at Sheppard Technical Training Center (STTC) Texas.

Part IV contains conclusions and recommendations regarding the future
development and application of the CDTS.

Part V indicates the personnel who have been involved with the project.
Part VI indicates project related documentation.
Appendices;

A - Flow Diagram of the CDTS.

B - Computer Operator's Course Outline, Objectives and a sample of
course material from both the course designer and trainee stand-
point.

C - Phase I and II data analysis, USAF Aptitude Test Scores and sample
data collection forms.

D - Formal Qualification Testing Results



Section II

PROJECT SOFTWARE PRODUCTS: CDTS AND COMPUTER OPERATOR'S COURSE

Two software systems were developed and tested during this two and one-
half year study. The first consists of a computer-assisted instruction
(CAI) author language and associated computer programs. This combines

to form the CDTS. The CDTS and PLANIT (Programming Language for Inter-
active Teaching) was used to generate the lesson material which consists

of 13 lessons for training computer operators for the B 3500 system. The
CDTS also was used to present the lessons to trainees via a remote terminal
device. The CDTS was written in COBOL and compiled for execution in the

B 3500 system to operate under the control of the Master Control Program
(MCP) during its various modes.

This section describes the B 3500 system, presents a description of the
CDTS and outlines the CAI lessons produced.

A. B 3500 System Characteristics

The B 3500 system as depicted in Figure 1, is a modular system, in-
corporating monolithic circuitry, high-speed core storage, massive
immediate access (disk) storage, and remote communications terminals.
It's MCP is designed to facilitate on-line user interaction with pro-
grams from the remote terminals. The following briefly describes

the major components of the system.

1. Central Control. All peripheral unit operations are independent
of each other and of the processor; therefore, any combination of
simultaneous input-output can be overlapped with program execution.
When a particular device wants a memory access, it makes an access
request as soon as all requests from higher priority devices have
been satisfied.

2. Core Memory, Core memory requires a memory cycle time of ome
microsecond for every two bytes accessed.

3. Address Memory. Address memory is an array or table of 24 words
(two bytes to the word), expandable in increments of 12 words.
Eight words are assigned to each I/0 channel in the system. During
execution, the processor addresses core memory with words from
address memory so that memory accesses are not required for infor-
mation relative to the command itself during execution; that is,
accesses during the execution phase are for data only. A word
from address memory requires an access time of only 100 nanoseconds.

4, Input/Output System. The input/output system consists of the
peripheral control units and their related input/output channels
and operates independently of the processor. The processor issues
a command to the I/O system and then proceeds independently until
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the I/0 system completes the operation and interrupts and any or
all I/0 channels may operate simultaneously. The 1/0 system time
shares core memory and address memory with the processor, under
control of the central control unit. There is an I/0 channel and
a peripheral control for each peripheral unit, or group of units
of the same type.

5. The Processor. The processor contains the arithmetic units and the
logical controls of the system. Object programs are floated in
memory through use of a base register thus allowing several programs
to be resident in memory at one time. The MCP will set the base
register for one program, retrieve it, and turn control over to
that program. After handling an interrupt, the MCP may reset the
base register and turn control over to another program,

6. Operational States. The central processor always operates in one
of two states: The Normal State, in which user programs are executed,
or the Control State, in which the functions of the MCP operating
system are performed. A powerful interrupt system causes the pro-
cessor to enter the Control State and branch to the MCP whenever
conditions such as completion of an 1/0 operation, memory parity
error, memory address error, and clock interrupt occur. 1/0 opera-
tions can be initiated only when the central processor is in the
Control State, and their execution is directed by the MCP.

7. Memory Protection. Base and limit registers are used to provide
memory protection--an essential feature for multiprocessing. An
attempt to go out of memory allocated will result in the suspension
of the offending program.

8. Disk Files. The modular random storage disk modules provide the
capacity of 10 or 20 million bytes each. The average access time for
a module is 20 milliseconds, and the peak transfer rate is 218,000
bytes per second. Disk File Exchange units permit multichannel
access of disk units.

9. Remote Terminal Communications, A multiprocessing environment
is provided, under which up to ten users of the system may simul-
taneously interact with their programs from remote keyboard/printer
terminals.

Description of the CDTS

The CDTS as designed permits the establishment of a CAI capability
within the Phase II Base Level System.




Computer-assisted instruction (CAI) can be defined as using the
capabilities of a computer to present instructional material to
trainees who interact with the computer via a remote terminal device.
A computer-assisted instructional system has several basic features:
It is independent of the particular type of lesson; the material
operates within a computer and there is continual interaction between
the user at the remote communication device and the computer.

The CDTS is a general-purpose training system consisting of a user
oriented language and a set of computer programs which permit course
designers to construct material for a variety of training purposes.
This material may be input to the system in an on-line mode from a
remote terminal, or constructed from a card input to a batch processing
program. Once constructed, lesson material is saved onto disk storage
or tape for future presentation to trainees. Iessons stored on tape
can be selectively loaded onto disk storage to fulfill specific train-
ing session requirements. Records of trainee performance are main-
tained by the system for data processing and analysis.

To accomplish these training objectives, the CDTS is divided into five
basic components. (Refer to Figure 2 - CDTS Functional Block Diagram).

1. The Control Function:

a. Interfaces with the B 3500 MCP and Data Communication Handler
(DCH).

b. Outputs the message "ENTER INITIAL COMMAND TO CDTS'" as the
first operation of the system.

c. Interrogates all inputs from the remote communication terminals.
d. Interprets all system commands.

e. Establishes the user within the requested mode of lesson build-
ing or lesson execution.

f. Maintains status of each user within a given lesson enabling
several users to interact simultaneously with one or more
lessons., Also, it allows one user to switch from executing ome
lesson to executing a different lesson and back to the first
lesson.,

2. The Lesson Building Mode:

a, Permits a real-time construction of selected lesson material
by a course designer familiar with the training system language
and special conventions contained therein. The course designer
can commence to build a lesson or retrieve an existing lesson
and continue to insert content material. Selected material is
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inserted and processed by the training program as "frame'" units.
Each frame is further segmented into groups and these groups
are composed of individual lines of information. A lesson is
therefore, a series of frames sequenced as designed by the
course designer.

A sequence of related lessons can be used to form a course.
There is no system limit upon the number of lessons that may
be used to comprise a given course.

A lesson may be used within more than one course, when appro-
priate. For example: a lesson on number systems might be
included in a general programming course as well as in a course
dealing with an introduction to mathematical theory. The course
designer has the responsibility of linking together the lessons
within his course by either branching the trainee to the next
lesson in the course sequence, or by providing the trainee with
the information necessary for him to enter the next lesson.

Provides frame type selection by the course designer to meet
the varying needs of course construction. The frame types
available for selection are the:

1) Question frame--normally used to present lesson content
material to inform or require a constructed response.

2) Multiple-choice--normally used to present lesson content
material and alternate answer-choices for selection.

3) Decision frame--normally used to establish conditional
statements which are executed depending upon a response
to one or more frames.

4) Copy frame--a lesson building aid rather than a different
frame type which instructs the program to copy any previously
built frame.

Each selected frame is automatically numbered sequentially by
the program.

Provides on-line assistance to the course designer after the
selection of a frame type. The assistance is in the form of
output messages which inform the course designer of the type
of information to enter within each group of the frame,

(e.g., label frame, insert textual material, specify answers,
and actions to institute based upon the processed response).



Provides a facility for on-line checkout and quality control

of constructed material by the course designer. The course
designer may enter the Lesson Execution Mode from the Lesson
Building Mode and have his completed lesson material presented
as though he were in a training status. A record is maintained
of his responses and sequence through the lesson frames. 1In
this role, the course designer performs quality control on the
lesson logic and material presentation. Full training system
privileges are available to the course designer in this mode,
whereas, a trainee is confined to the parameters of the lesson.

Enables the course designer to preserve completed lesson
material onto the disk. The program requires an identificatiom
from the course designer. If the identification is legal, the
program associates the identification with the lesson affording
a measure of protection against unauthorized changes or uses.

Permits the linking of two or more lessons to form a course of
instruction.

Modification of lesson material.

1) 7Permits the on-line printout of selected lesson material
by the course designer for visual quality control. To
avoid system degradation due to excessive Input/Output
operations, only a range of three frames per request is
printed on-line. However, the entire lesson can be
printed off-line.

2) Enables the on-line modification of lesson material by
the course designer.

o Insertion--the training system determines the level of
insertion desired; frames, group or line, and whether
the insertion is to occur within existing material or
be added to the lesson material. If a single line is
specified, the program prints out the requested line
for easy reference and changes are entered. The new
line of information replaces the old line in the lesson.

o Deletion--the training system determines the level of
deletion desired; frames, groups within frames or lines
within groups and removes the material from the lesson,



B

The Lesson Execution Mode:

a.

Permits the retrieval of a lesson by the course designer or
trainee. The program requires an insertion identification
which is compared against the identification associated with
the lesson. The results of the identification comparison
dictate whether the program treats the user as a course
designer with full program capabilities or a trainee confined
to the parameters of the lesson.

When the user is a trainee, the program positions the lesson
to the proper frame depending upon whether the trainee is
starting or continuing the lesson. The course designer can
execute the lesson from any legal frame and has complete
freedom to traverse the frames within the lesson.

Allows the trainee control over the presentation rate of
lesson material, subject to the constraints of the MCP/DCH
and the course designer's intent.

Contains service functions (PHONETIC comparison, KEYWORD match,
or ORDER permutation) for evaluating inserted answers which
depart from anticipated responses as programmed by the course
designer. These service functions operate at the course
designer's discretion.

1) PHONETIC--causes all words in both the course designer's
answer(s) and the trainee's response(s) to be encoded by
the training program and the encoded messages compared
for a possible match. This permits the misspelling of
words by the trainee. If a misspelled word is within the
encoding criteria, the response is considered correct by
the program,

2) KEYWORD--causes the program to disregard everything in the
trainee's response except that which the course designer
has specified to be matched. Extraneous information may be
included as part of the response without penalty. When
this service function is inoperative, the program makes a
character set by character set (word by word) comparison
to determine if the trainee's response matches the course
designer's answer. No extraneous words may appear in the
trainee's response for a match to occur.

3) ORDER--causes the program to ensure that the word(s)
specified by the course designer appear somewhere in the
trainee's constructed response--independent of order.

When this service function is inoperative, the program
treats the trainee's response as a standard English state-
ment, The words in the response must be in the same order
as specified by the course designer.

10



Performs automatic evaluation of trainee responses. Inserted

answers and lesson specified answers are evaluated for possible
matches,

Outputs immediate feedback to the trainee at the end of his
response, Based upon the answer matching process the program
selects the appropriate type of feedback/action.

1) Feedback--enables the course designer to specify appropriate
messages based upon trainee response. If no message is
specified, the program randomly chooses one from a table
containing positive and negative comments. After printing
the message, the program branches to the next frame in
sequence or follows a subsequent command.

2) Repeat--permits the course designer to specify a feedback
message requiring another response. If none is specified,
the program prints "WRONG TRY AGAIN" and waits for another
response,

3) Correct--instructs the program to print "THE CORRECT ANSWER
IS" followed by the answer indicated as correct by the course
designer,

4) Branch--permits the interruption in course sequence. The
program can be instructed to branch to another frame or a
different lesson.

Detects illegal actions by the trainee and initiates appropriate
recovery cycles.

Dynamically sequences the lesson material as a result of
trainee responses and the design of the lesson.

Permits the continuation of a lesson at an appropriate entry
point after a lesson session interruptionm.

On-line establishment and maintenance of trainee performance
records. The program updates the trainee's record after pre-
senting each frame and evaluating the inserted respomse. The
program preserves the trainee's record upon completion of the
lesson or when the command to terminate the training session
is inserted. The trainee can discontinue a training session
and continue from the proper point in the lesson at a sub«
sequent session.
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The Trainee Record Processing Mode:

The

Stores specific data items. The program stores historical
records of the trainee's path and answers through the
lesson within the trainee record file.

Off-line processing of individual trainee records.

Off-line printout of stored information in the format pre-
scribed--history (the sequence the trainee took through the
lesson) and/or summary data for individual trainees.

Off-Line Lesson Building Mode:

Processes a keypunched deck containing lesson material in a
prescribed format.

Examines the lesson deck for format errors.

Constructs the lesson onto disk storage, replacing any other
version of the lesson.

Outputs a listing of the lesson contents, along with notations
of any detected errors.

The Selective Library Capability

a.

Permits the building of lessons from card input into one or
more "library" tapes.

Permits the selection of lessons from one or more library
tapes to be loaded onto disk storage for use during a train-
ing session.

Minimizes disk storage requirements needed for a specific
training session by constructing a new lesson file. Lessons
stored on disk from previous training sessions and not in-
cluded within the current lesson file are removed, thereby
releasing disk storage for additiomal uses.

12



C.

Computer Operator's Course

1.

Course Development

The computer operator's training material can be segmented
logically into two major areas:

o General computer programming information which is non-machine
specific but considered appropriate foundation material for a
computer operator.

o Specific information which is considered necessary for a
person to develop the skills to properly operate a B 3500
computer.

The development of this course material was in programmed instruc-
tional format which was then converted into a computerized format
for use within the Phase II system. This required several steps.
The general computer programming information was prepared first,
This consisted of the instructional programmers interacting with
the subject matter experts to formulate the overall course out-
line for lessons 1 through 8. From this outline, the creation of
terminal behavioral objectives and criterion tests items were
prepared. This material was reviewed by appropriate Air Force
Agencies and modifications and alterations were made as required.
Actual frame construction for these lessons was then instituted.
This process was repeated for the B 3500 specific information

and comprised lessons 9 through 13. (Appendix II contains the
complete course outline and objectives).

These 13 lessons were then converted, entered and logically
verified on the System Development Corporation's AN/FSQ-32V
computer via the computer assisted instructional language, PLANIT
(Programming LANguage for Interactive Teaching).

PLANIT is also a general-purpose computerized system which operates
in four basic modes: Lesson building, Editing, Execution and Cal-
culation. PLANIT allows the course designer to enter course content
into the computer, via a teletypewriter and to store the material

in designated sequences., The course designer may use a variety of
lesson frame formats and review, edit, and revise the course material
as necessary.

Only those capabilities in PLANIT which were compatible with the
execution mode of the CDTS were used in the conversion of the
Computer Operator's Course, Each lesson was entered on-line

via a teletypewriter linked to the AN/FSQ-32V., The lessons

were sequentially connected by the course designer in conformance
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with the lesson material specifications. The output of the
PLANIT~-constructed lesson material was decks of cards with each

card corresponding to a line of lesson input. These card decks
served as input to the Off-line Lesson Building Function of the

CDTS and were then available for execution on-line via the Execution
Mode of the CDTS.

Course Description

a.

General

Lesson 1 through 8 serve as material to orient the trainee to
the information and concepts in the area of general programming
and can be used apart from any specific computer system or

comp lex.

In contrast, lessons 9 through 13 present information

concepts relating specifically to the Burroughs B 3500 computer

system.
Specific

Lesson 1 -

Lesson 2 -

Lesson 3 -~

Introduction to Computer Concepts

This lesson is designed to present to the trainee

the basics upon which he begins to build his data
processing knowledge. Several data processing

terms (data base, program, hardware, software, etc.)
and abbreviations (DP, EDPM(E), EAM, etc.) are
presented. A historical overview, computer class-
ifications and the three generation types of computers
are indicated.

Number Systems

In this lesson the trainee is exposed to the follow-
ing number systems: Binary, Octal, Decimal, and
Hexadecimal. The concepts of expansion, complimenta-
tion, as well as addition and subtraction for the
above number systems are presented. Conversions are
made from one system to another regardless of the
system. Definition of terms within this leseon in-
clude bits, triads, and quadrads, etc, Primary
emphasis of instruction within this lesson is directed
toward the hexadecimal number system.

Basic Computer Components

The trainee is given the descriptions and relation-
ships between the following computer components:
storage, arithmetic unit, control and I/0 units.

Terms introduced within this lesson include registers,
word locations, memory buffering, parity, bytes, etc.
The cycles of a computer (machine, instruction and
execution) are covered in detail.

14



Lesson 4 - Computer System and Peripheral Units

This lesson presents the types of storage devices
associated with a computer system. This includes
punched cards, magnetic tape, paper tape, drums

and disks. The criteria is given for evaluating
these various storage devices as to capacity,
speed, reliability, cost, power requirement and
physical size. Input/output configurations are
noted along with the types of access. The re-
maining material covers various aspects of computer
timing.

Lesson 5 - Data Representation

The trainee is provided explanations and exercises
concerning the use of such terms as binary, BCD,
EBCDIC, bytes, print images, etc. In additionm,
the representation of fractional numbers (fixed
versus floating) is presented.

Lesson 6 - Program Design

This lesson indicates the various components which
interact and their function in the establishment of

a system. The use of the flow chart within a program
design is emphasized. This includes the types of
flow charts (micro versus macro), when used and by
whom, flow conversions (e.g., branch, halts, etc.)
and the standardized symbols employed. The decision
table and other related methods are also presented

to the trainee.

Lesson 7 - Programming Languages

This lesson presents to the trainee the concepts
and uses of assemblers, translators, compilers,
etc. Explanations include the advantages and
disadvantages of MOL, Symbolic code and POL's.
Generalized coverage of the instructional classes
(arithmetic, sequence control, data movement,
comparison, I/0) are presented. The trainee is
also provided a cursory review of several of the
more established and widely used POL's with special
emphasis directed toward FORTRAN and COBOL.

Lesson 8 - Operating Systems

The trainee is exposed to the purpose and general
description of several types of operating systems.
The examination of time-sharing (advantages and
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Lesson 9 -

Lesson 10-

Lesson 11-

Lesson 12-

disadvantages) and the related terms of real-time,
batch processing, turnaround, supervisory time,
job-shop, etc. are considered. Also, the two basic
modes of operation (background versus foreground)
is presented to the trainee.

Introduction to the B 3500 System

This lesson provides the trainee with basic precepts
and configuration of the B 3500 system, An intro-
duction to the types of hardware which comprise the
system and the general functions performed by the
operating system, is outlined. 1In addition, a brief
description of the core memory and word configurationm,
internal processing capabilities, data presentation
selectable codes, and the on-line operating consoles
are presented,

Peripheral Equipment--Low Data Rate

The card reader, punch, and line printer are presented
in detail to the trainee. The user logic for the
operation of these three pieces of equipment is pre-
sented along with a description of all control panel
switch/indicators. At appropriate stopping points
within this lesson the trainee is directed to perform
"hands on'" training and demonstrate a level of mastery
with each unit. This includes operating the card
reader and punch by inserting a test deck, and re-
covering from several error conditioms.

Peripheral Equipment--High Data Rate

This lesson considers in detail the tape units and
disk units/modules associated with the B 3500 system.
Step by step user actions are presented for various
tape unit actions. The rationale of disk storage
and use is given in addition to the various types of
disk construction. As in lesson 10, the trainee is
required to perform '"hands on'" training and demon-
strate a prescribed level of mastery by loading a
tape and correcting various error conditionms.

Operators Console and Supervisory Printer/Keyboard

This lesson introduces the trainee to the equipment

by which direct interaction with the operating system
and all other on-line systems is effected., All button
actions and operating procedures are given for the
SPO, operators console, as well as the control panel.

16



The step by step procedures for loading the
operating system either by the Normal or Universal
load along with the conditions which differentiate
each type of load are detailed.

Lesson 13- System Software and Intervention

This lesson was divided into two parts. In Part I
the trainee is exposed to several definitions and
concepts which are pertinent to B 3500 system
operation. This includes scratch tape, system log,
file opening, disk directory table, and break-out.
The remainder of the material addresses itself to
the system load procedures (simple versus cold
start) with particular emphasis upon the card struc-
ture for each type of system load.

The various kinds of program and parameter control
card are discussed as to their function and when
required within a specific system load control
deck. The type of system start required because

of the particular status of the system or to effect
a particular condition is also presented.

In Part II, the trainee is exposed to the three
major categories of output messages (errors, require-
ments and results to input queries) generated by the
operating system. This is followed by indicating

the techniques and procedures of introducing data

and program files into the system. Here the emphasis
is upon the source and type of data (card and pseudo
card decks, and SPO input messages) and the schedul-
ing and operation of programs within the schedule
versus the mix. Next, the capabilities provided to
an operator to interact and control the system
operation are considered. This includes the type

and procedures for inserting control information,
enabling or disabling system options, performing
maintenance of the system log, interrupting and
restarting as well as suspending and reinstating
operating programs. The remainder of the material
considers program failure and debugging.

Lesson Strategy

The basic strategy as indicated in Figure 3 is the same for all
lessons. The student is permitted the option of taking the lesson
material or attempt to by-pass the material contained within the
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FIGURE 3 Lesson Logic for the Computer Operator's Course
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specific lesson by successfully negociating a prerequisite test.
The prerequisite test is lesson specific and is not a criterion
test which is contained at the end of each lesson.

At selected points within the prerequisite test, it is determined
through decision statements the trainee's position within a pass/
fail criterion., Tolerable errors approximate 107 for each lesson.
If the condition is--PASS, as determined by his correct responses

to the test items, the trainee proceeds to the next subset of the
prerequisite test. However, if the condition is--FAIL, as indicated
by errors exceeding the prescribed criteria, the trainee is un-
conditionally branched to the starting point in the lesson material.

If the trainee demonstrates mastery of the material contained
within the lesson by successfully passing the prerequisite test,
he is branched to the next lesson within the computer operator's
course,

At the completion of the lesson material the trainee may review
all or selected parts. He will then be exposed to the criterion
test for that lesson.

If the trainee fails to meet the lesson standards, he is automatically
branched to appropriate review material. Upon completion of this
material the trainee is returned to the departing point in the criterion
test.

The trainee must demonstrate mastery over these test items before he
is allowed to advance to the next lesson within the computer operator's
course,
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SECTION III

TESTING AND EVALUATION

The production of the two software products: The CDTS and the Computer
Operator's Course required that two distinct testing operations be con-
ducted at the Sheppard Techmical Training Center (STTC), Sheppard Air
Force Base. For each software product a test plan was prepared which
established the general and specific requirements and set forth the
necessary procedures to effect the accomplishment of the particular test.*
A description of the Computer Operator's Course validation effort and re-
sults will be presented followed by the Formal Qualification Testing of
the CDTS with the results of that effort,

A. Validation of the Computer Operator's Course

The validation of the Computer Operator's Course was conducted at
the Sheppard Technical Training Center using the operational
Burroughs B 3500 computer system and the CDTS.

The usual three phase validation sequence (i.e., individual, small
group, and field testing) was reduced to a two phase sequence (de-
signated Phase I and II) to facilitate validation within the allocated
time period. Phase I and II were accomplished during the time periods
of 4-24 March and 28 April through 19 May 1969 respectively.

1. Test Conduct
a. Phase 1

Phase 1 combined the traditional individual and small group

validation techniques and was termed: GIVE (Group - Individual
Validation Environment).

Six (6) Air Force trainees and two validators who were assisted
by two Air Force personnel serving in the capacity as monitors
comprised the manpower for the Phase I validation. The trainees
were divided into 2 teams of 3 men each and were observed by
one validator/monitor team.

Eight (8) Frieden Remote Terminals were available for use to
present the lesson material to the trainees and permit the
entering of answers on-line for processing by the Execution
Mode of the CDTS. These Remote Terminals were situated in
two separate locations with one terminal serving as a backup
in the event of any malfunction as indicated in Figure 4.

)

®* See préject documentation for appropriate references.

20



' BURNS HALL (Bldg. 920) BUILDING 1060

@ @ @T‘\

T T Validator
Vs OfN
Validator

(:;:) (ig:> i Monitor
g
Monitor
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As indicated in Figure 4, the monitor directed all of his
attention toward a specific trainee whereas the validator
attempted to monitor one of the two remaining trainees,

The third trainee was monitored by the validator on an-as-
needed basis. To gain rapport, and reduce possible bias, the
validator and monitor systematically rotated among the three
trainees for each computer session. In addition, the trainees
made by-weekly intra-and inter-building positional rotations.

Prior to the initial on-line administration of the lesson
material, the six Air Force trainees were briefed by contractor
and appropriate Air Force personnel as to the nature of their
task, schedule of activities and the attendant procedures.
Lesson material was then selected for presention by the
execution mode of the CDTS in accordance with the schedule

as set forth in the test plan.

Access to B 3500 hardware (e.g., Supervisory Keyboard/Printer,
Tape Units, Card Punch, etc.) was necessary to complement the
material contained within lesson 9 through 13,

During the individual phase of the self-paced GIVE technique,
the validator/monitor teams recorded not only all areas of
difficulty (both observed and stated) within the lesson material

a but also noted all overt mannerisms which provided the stimulus
for further explorationm.
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Within the small group phase of the GIVE technique the trainees
were instructed to record on the forms provided pertinent comments
regarding the lesson material.* The validator/monitors were
available to reslove these areas or questions deemed crucial by
the trainees. This limited amount of activity did not appear to
curtail the effectiveness of the validator/monitor with the
trainees during a specific computer session.

Upon culmination of each daily session, (Mon-Fri - 1800-2300
hours and Sat-Sun - 0800-1130 hours), all trainees and val-
idator/monitor teams met for a one hour critique session,

During these critique sessions additional comments and suggestions
were elicited from the trainees concerning problem areas as

well as suggestions for additions and/or deletions to the lesson
material. Based upon the information gathered during the on-1line
computer sessions as well as from the critiques, the validators
performed appropriate on-line editing of the lesson material.

b. Phase II

Phase 11 was a field test conducted by Air Force personnel
with assistance from contractor personnel. The environment
was structured to simulate a quasi-classroom setting. As

in Phase I, personnel were selected to serve as permanent
monitors for the entire validation activity. Additiomal

Air Force personnel were scheduled to augment this permanent
team and were rotated on a weekly basis. Contractor personnel
involved in the Phase I validation also participated in

Phase IT. ‘

Twelve (12) Air Force trainees were selected to participate in
the Phase II validation activity.

The 8 Frieden Remote Terminals used as trainee devices in
Phase I remained in the same location initially and retained
their relative number. On 14 May, remote terminal #4 was
moved to another room and redesignated #2. Remote terminals
#2 and #3 were redesignated #3 and #4 respectively,

As in Phase I, the trainees were briefed by Air Force personnel
as to the nature of their task, schedule of activities and the
attended procedures. The major emphasis in Phase II was that the
trainees should work unassisted at the remote terminals without
intervention by Air Force or contractor personnel., When required,
trainees were assisted by Air Force or Contractor personnel when
system or subsystem malfunction interrupted normal trainee pro-
gressions through lessons.

* See Appendix III Table 13 and 14 for examples of the forms provided to the
trainees.
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Each trainee for Phase II was given a number for identification
purposes and rotated among the remote terminals according to
the master schedule as indicated on the following page.

Total time allocated for each trainee per night was four hours.
Each trainee remained at a particular remote terminal for an
hour and then either moved to another remote terminal or went
on a forced break for an hour.

Maximum time allocated for lesson execution before a forced
break occurred was two hours. The trainee had to execute
the second hour of a two hour block of lesson execution time
at a different terminal.

The monitors for this phase remained at specific terminals

for the entire nightly session. No rotating of monitors

during Phase 1I was required. The trainees did however,

rotate between Burns Hall (Bldg. 920) and Building 1060

on a daily basis. The daily schedule was Mon-Fri - 1800-2400 hrs.
and Saturday - 0800-1200 hrs.
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As each trainee executed a particular lesson, he recorded
certain categories of information and comments on the forms
provided. Upon completion of a specific lesson, the trainee
completed the lesson attitude form. These forms along with

a hard copy of the lesson as output at the remote terminal as
well as trainee records processed off-line at the completion
of each computer session were collected by the contractor.

In addition, each monitor recorded certain categories of data
and made comments concerning system operation and efficiency,
hardware experiences and trainee problems or comments. All
of these data were used by the contractor to perform a detailed
frame analysis of the lesson material .* Based upon this
analysis, appropriate modifications were made to the lesson
material. No formal critique sessions were conducted during

this validation phase although informal critiques did occur
between the trainees and monitors.

2. Test Results

Emphasis during Phase I was primarily focused upon:

o Modifying the material to eliminate inconsistencies, remove
difficult and/or ambiguous areas of instructional material
and to incorporate pertinent suggestions/comments received
from the trainees and monitors.

o Determining the average length of time for trainees to execute
each lesson. System down time caused by hardware, program
errors, and lost time due to illegal/illogical course execution
was to be factored out from on-line omurse execution time.

During Phase II primary emphasis was focused upon the teachability
of the lesson material as measured by the success or failure to
pass the criterion items associated with each lessonm.

Analysis of the data gathered indicated that the Phase I trainees
required an average of 45 hours to execute all the lessons, When
breaks and remote terminal down time is included, the average

time to execute the course increases to approximately 60 hours.

The range including these latter factors (breaks and remote terminal
downtime) was 50 to 70 plus hours.**

Because of the rotation of the trainees among the remote terminals
in the Phase II, complete data concerning the length of time to
execute individual lessons in a simulated classroon environment
was not collected. However, it is felt that the above times are
meaningful in that as far as possible all time parameters not
related to actual on-line execution were factored out,

* Gee Appendix III, Table 11 for an example of this frame analysis process.

*%* Sce Appendix III for the detailed analysis of data collected from Phase I and II.
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The allocation of time expended can be compared between Phase I and
Phase II. As Table 1 indicates, the effective time (i.e., actual
on-line execution) for Phase I was 56,4%. This is contrasted with
a 69.9% effective time during the Phase II validation activity.
There are several reasons for this 13.3 increase. During Phase I,
all components of the validation activity were being ''shaken down"
for the first time in a heavy workload environment, This included
the B 3500 system software and hardware, the CDTS (formal qualifica-
tion testing had not yet been perfommed), and the course material,
The operational efficiency and reliability of all of these com-
ponents had increased by the time Phase II was conducted. This

is evident when time lost due to various software/hardware mal-
functions between Phase I (14.0%) and Phase II (9.7%) are com-
pared. Also, during Phase I the CDTS required several recompila-
tions (8.6% of the allocated on-line time) to correct known

errors or improve operating efficiency. This activity was not
required during the Phase II validation activity.

A factor which tends to distort the computation of the effective
time was the inability to "start'" the computer training sessions
as scheduled. This was normally due to the overlapping of
computer operations from the previous shift into the time
allocated for the computer training sessions. The '"time lost"
was treated as any other factor which reduced the trainee's
scheduled time for lesson execution. TIf this factor is removed
fram the analysis, the effective time would be 66.37 and 78.97%
for Phase I and II respectively.

TABLE 1 Time Allocation--Phase I and II Validation Activity

1%
2,

Phases
Effective time 56.47% 69.9%
Non effective time 43. 67 30.17%
Malfunctions (0S, DISK, DCH, etc.) 14.07% 9.7%
Computer Operations

End of day processing,

Driver routine 9.9% 8.8%
Remote Terminal Downtime 7.07% 11.8
CDTS Recompilations 8. 6% S
Misc (lesson logic, wasted review) 4.1% Sl

43, 06% 30.1%
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The only increase in noneffective time between Phase I and
Phase II was remote terminal downtime. In Phase I only six

(6) remote terminals were required at any given time. This
permitted a backup remote terminal to be available for use in
the event a remote terminal malfunctioned. When this occurred,
the trainee was moved to a backup remote terminal negating
excessive loss of on-line time. This was not possible during
Phase II as all remote terminals were required.

When a remote terminal malfunctioned, it resulted in a direct
loss of effective time as the trainee or trainees scheduled

for that particular remote terminal had no backup. The time

lost had to be made up at the next scheduled time on a func-
tioning remote terminal. If a remote terminal was nonoperational
for the entire computer session, each trainee lost one (1) hour
of on-line execution time.

Another area of investigation during the validation activity
was response time latency. (See Figure 5) This was defined

as the interval of time after a keyed response and the carriage
had been returned to the leftmost position, until the next
message was received at the remote terminal.

Trainee Carriage is Variable Time Period Next

Keys Message | Returned 4 Message
t b i

Depresses ETX indicating Dependeuit, Upo. TImbE Received

of users and systems
being processed

message has at remote

been read

Response Time Latency

FIGURE 5 - Response Time Latency
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Prior to the validation activity, no data were available as

to the effect an increase in system users and/or programs would
have on the processing of trainee inserted answers. Also the
CDTS was specifically not designed to operate in a dedicated
environment and in an operational setting most probably would

not., The effect of other programs operating within the B 3500
system on the processing time of the CDTS needed to be determined.

During Phase II, the monitors were instructed to record response
latencies every 30 minutes.* Also, since the CDTS was for the
most part operating as the only program within the B 3500 system
during the validation activity, on several occasions, one or
more programs were caused to operate at the same time the CDTS
was in operation.

The data collected indicated that the median response time
regardless of the number of users or programs operating in a
multiprocessing prioritized environment was 7 seconds,*¥

As expected, when the CDTS was operating within the B 3500
system with other programs the response latency did tend to
increase to approximately 1@ to 12 seconds. It also appeared
that as the number of users increased the response latency
increased 1 or 2 additional seconds. The damping factors to
consider if stringent conclusions are attempted is the operation
of the remote terminals themselves and the accuracy of the
monitors in their recording efforts. At best, it appears that
increases in system users causes less increase in response
latency than operating additional programs within the B 3500
system. The response latencies experienced by most of the
trainees seemed to be well within tolerable limits.

The overall performance of the Phase II trainees on the criterion
test items was 83/85. Individual results on the lessons is con-
tained in Appendix III Table 9. No data are included within this
report from the Phase I trainees. Based upon their performance
and comments, various test items as well as lesson material

was modified. Comparing their overall performance with the

Phase II trainees is not considered meaningful.

The criterion test items which had a frequency of three or more
errors in Phase II were subjected to a detailed analysis. A
sample of this item analysis and disposition is indicated in

Appendix III Table 11.

* See Appendix III Table 12 for response latencies recorded by monitor during Phase II.

*% The ? Ximum number of system users was eight and the number of additional programs
was ree,
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3.

Attitudes

a.

Toward the Lessons

The trainees for Phase I and II were required to fill out a
ten item attitude form after completing each lesson. The
results are indicated in Table 2 for Phase I and Table 3 for
Phase II. A different weighting system was used for each
Phase. The data from Phase I indicates a definite bi-modal
distribution of lessons with lessons 2, 7, 8, 5 and 12 having
a less favorable effect upon the Phase I trainees. After
modification of the lesson material, the distribution of
attitude toward the lessons by the Phase II trainees approx-
imates a normal distribution,

Examination of the two tables indicates that lesson 9 was con-
sidered the most "popular" for both groups of trainees. Except
for lesson 2, the lessons scoring lowest in Phase I basically
retained their relative standing even though the overall
attitude toward the lessons in Phase II was less divergent.

Phase I Trainee Attitude Toward Lessons.
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360-379.5
340-359.5
320-359.5
300-319.5
280-399.5
260-279.5
240-259.5
220-239.5
200-219. 5
180-199.5

Attitude Scores
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The question of whether attitude toward the lessons was
affected by the performance was also considered. A scatter
gram was prepared using data from Phase II (Figure 6) in
which the median criterion test scores were plotted against

the median scores reflecting the trainee's attitude toward
each lesson. Inspection of the scatter gram does not yield

conclusive evidence to indicate that the higher the perfor-

mance as measured by the criterion test scores the more

favorably perceived was the lesson. Lesson 8 however reflects the
lowest performance score and the attitude toward this lesson

was also the lowest,

Lesson 9 was considered the most favorable even though the
performance on this lesson was not the highest. O0f the re-
maining lessons, approximately 6 tended toward the direction
of high performance--favorable attitude, whereas 6 other
lessons tended slightly toward the direction of not quite as
high a performance--less favorable attitude.

The complexity of the material was not specifically factored
out in the analysis. However, the lessons in which performance
was lower tended to be the more complex lessons within the

course.

TABLE 3 Phase I1 Trainee Attitude Towards Lessons.
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b. Toward the physical facility*

At the completion of the validation activity the trainees were
asked to consider the physical environment in which the computer
assisted instruction was administrated. All of the trainees
indicated that their general comfort was satisfactory and the
lighting/ventilation was more than acceptable.

c¢. Toward the remote terminal

In general the attitude of the trainees toward the remote terminal
was favorable. The trainees indicated that the operation was

very easy, the material as output very easy to read and the rate
of presentation for 75% of the trainees was about right. For the
remaining 25% of the trainees it was felt to be too slow for their
reading ability. Only one trainee felt that his typing skill was
not adequate for the required tasks. All trainees except one
indicated that the remote terminal was adequate for presentation
of the lesson material. Sample comments from the trainees in-
dicated that:

0 Presentation too slow because of time outs and system
failures.

o The noise level distracting and uncomforting.
o Reaction time was extremely slow.

o Main problem is response time - typing speed is too slow -
need CRT.

o Terminal is adequate if the response is up to par and the
system is in working order.

0 Material typed out varied from good to bad, depending on
the condition of ribbon, paper, etc.

d. Toward CAI

Trainee attitude in this area was of special interest. For the
majority of the trainees this was their first exposure to com-
puters and for all trainees their first exposure to computerized
instruction.

Even discarding a novelty effect which was probably aided by
some level of Hawthorne effect as the trainees knew they had
been selected to participate in this Air Force funded project,
the reaction to CAI by the trainees was most favorable. Eighty-
three percent indicated that CAI seemed to make the material

% Only attitudinal data collected from the Phase II trainees are presented unless
noted otherwise. It was felt that the interaction required during Phase I
between the validators/monitors and the trainees might have biased the data.
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easier to learn and tended to increase their level of interest
toward learning the material. Only one trainee felt the course
was too long whereas all trainees indicated that interacting
with a computer was most interesting. There was mixed feelings
about the length of time at the remote terminal for a given
computer session. Sixty~six percent felt the time was about
right, with the remaining trainees split in their feelings
between the sessions being too long or not long enough. The
trainees did not feel that CAI should replace other more con-
ventional types of instruction. Over 807 indicated that CAIL
should be used in a complementary role as opposed to a re-
placement vehicle., This was further substantiated by all of
the trainees indicating that at some point in executing the
lesson material they felt a need for non-computerized assistance.
Representative comments from the trainees indicated:

o PI could be learned in the same way.

o Do not recommend CAI for replacement of other types of
instruction, but should be used for presenting the majority
of subject areas.

0 Repetition, although necessary, was the worst part.
o Need more humor,
o To teach this way is too expensive.

o Of great advantage over the traditional student/lecturer
systemn.

o I could have concentrated more easily in the daytime.

o I enjoyed the course and believe I learned a lot.

Formal Qualification Testing of the CDTS

Formal Qualification Testing (FQT) was conducted as part of the
Category I Test Phase in accordance with section 4 of ESD-TR-68-301
and TM-(L)-3724/003/02 to verify that the CDTS operation conformed to
the requirements as stated in the Part I CEI Specifications.

1. Test Concept

The basic test concept as specified in the Test Plan was followed.

The production of expected outputs as a result of intermal reaction

to a set of inputs provided the basis for the verification of proper
subsystem operation. 1In addition, specific inputs were made via the
the test vehicles to exercise each subsystem function in a system
context and a system output used to verify that the function operated
properly. Exercising of each separate system function was accomplished
during the preliminary qualification testing in conjunction with the
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validation of the Computer Operator's Course. To accomplish this,
the three basic tests as indicated in the Test Plan were developed.
(DEMOP1, DEMO@2 and OFLINE).

Test Objectives

The basic objectives of each test was to verify the performance of
a functional area or segment therein., It was not always possible
to completely isolate a given functional area or segment, as the
test input could cause the generation of an output which required
the interaction of more than the specific area under test.

Also, as it was not possible to test every conceivable combination
of inputs and conditions, the test was concerned with those com-
binations which were predicated as the most likely to occur.

Location and Schedule
The test was conducted at the Sheppard Technical Training Center in
accordance with the schedule, as set forth in the Test Plan. The
actual test required only 16-18 June 1969 to be accomplished.
Personnel Requirements
The Air Force Test Team was officially composed of military and
civilian personnel from the following agencies:
Agency Representatives

Hq USAF (AFADAB) 1

Hq USAF (AFADAE)

Hq USAF (AFPTRD)

Hq USAF (AFPMDC)

AFDSDC (DI)

ESD (ESLFE)

Hq ATC

STTC

KTTC

O O S R

Contractor

Apart from the official Test Team, visitors from these as well as
other agencies attended the FQT sessionms,
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Test Structure

The three basic tests--DEMOPl, DEMO@2 and OFLINE were developed
by the contractor in advance of the test activity with the actual
generation being accomplished at the STTC using the Phase II Base
Level System.

The decision to construct ''lesson-like" tests was based upon the
varying backgrounds and knowledge of the CDIS by members of the
Test Team. Knowledge ranged from considerable details of the CDTS
operation gained from experience as monitors during the validation
of the Computer Operator's Course to a general appreciation of the
project and CDTS operation.

Rather than attempt to bring all Test Team members up to some level
of expertise concerning the CDTS operation prior to the FQT, it was
reasoned that the system in many instances could 'demonstrate and
test" itself., The tests, therefore, were designed to accomplish
two basic tasks.

o Impart general as well as specific information about the CDTS,
including its capabilities, basic operating instructions, re-
strictions and limitations.

o Fully exercise and demonstrate the on-line Execution, Building
and Editing Functions (DEMO®1l and DEMO®2) and the off-line
Lesson Building Function (OFLINE).

The general functions contained within each test which were to be
demonstrated and verified were:

TEST FUNCTION

DEMO@1 Brief Description of CDTS

GET Command

CO Command

CDTS Optioms
GOTO
QUIT

Lesson Building
Group 1
Group 2
Group 3
Group 4

Lesson Editing
Insert
Delete
Print
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DEMO@?2 SAVE Command
STATUS Command
RESTART Command

EX Command

Lesson Execution
Group 1
Group 2 Q and M
Group 2 D

Group 3 Q and M
Group 4 Q and M

Keyword, Phonetic, Order
Trainee Record Processing

OFLINE Categories of legal and illegal
inputs,

Test Materials

Each member of the test team was provided the following materials:
o Test Plan

o Users Manual

0 Copies of the test scenarios.

o Listing of the tests--DEMOZ1 and DEMO@2.

The tests, DEMO@l and DEMO@®2 were generated from card decks using
the CDTS Off-line Lesson Building Function, stored on disk and
available for use when requested.

Test Conduct

a. General

Two members of the Test Team were selected to serve as a
"trainee'" and as a ''course designer" respectively. These

two Test Team members conducted the portion of the test which
required the use of scenarios in conjunction with the in-
structions contained within the test vehicles. Two remote
terminals which were adjacent were selected for this activity
to facilitate the inter action required during the FQT between
the "trainee'" and the '"course designer."

Contractor personnel worked closely with these two Test Team
members and this specific activity was considered to be the
"official" test. The remaining Test Team members conducted
the test as instructed within DEMO@l and DEMO@2 as 'trainees"
bypassing those sections of the test requiring actions by a
course designer. Many Test Team members did interact with the
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CDTS as course designers but did not follow a prescribed
scenario. This activity was considered to be part of the
FQT but in addition to the '"official'" Test Plan activity.

Prior to the start of each test session, the computer operator
initiated the Data Communications Handler, identified NEET®®,

the remote terminals to be accessable and entered the appropriate
SPO commands to indicate that NEET@® was to be started.

Specific

1)

2)

Day 1

At the start of the first session, DEMO@l was requested by

the "trainee" and the FQT officially commenced. The '"trainee"
followed the instructions contained within the test vehicle
itself. At appropriate points the ''course designer" was
instructed to follow a specific scenario or initiate an
action(s) at his remote terminal.

The "trainee" and "course designer" used the listings of
test vehicle to follow as well as verify that the test was
proceeding as planned and the CDTS was functioning as
specified.

Functions demonstrated and verified included:

o GET Command
o CO Command
o CDTS Option - GOTO

Trainee records for all participating Test Team members
were generated at the completion of the test session.

Day 2

DEMO@1 was again requested by the "trainee'" and the FQT
continued.

Functions demonstrated and verified included:

o CDTS Option - Quit

o Lesson Building

o Lesson Editing - Computer Operator's Course Lesson 6
was the test vehicle.

Trainee records for all participating Test Team members
were generated at the completion of the test session,
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3) Day 3

DEMO@2 was requested by the '"trainee'" and the FQT con-
tinued.

Functions demonstrated and verified included:

0 SAVE Command

o STATUS Command

o RESTART Command

o EX Command

o Lesson Execution

o Service Functions

At the completion of DEMO$2, the on-line FQT was completed.

The FQT of the off-line Lesson Building Function was dem-
onstrated and verified by the test--OFLINE.

The CDTS generated OFLINE from a card deck indicating the
various errors and discrepancies as contained therein.

The card deck was corrected by a Test Team member following

the scenario provided and OFLINE regenerated as an "error
free'" lesson,

Trainee records for all participating Test Team members
were generated at the completion of the test session.

Test Results

The off-line listing of the tests--DEMOPl and DEMO@2 were used
during the conduct of the FQT to ensure that the tests functioned
as designed. One discrepancy, the incorrect printing of an item
value, was detected and corrected prior to the end of the FQT.

The CDTS also allowed a non-course designer to obtain a lesson
using the command, #get L----- , which permitted undesirable access
to a lesson. The use of this form of the '"get'" command has since
been restricted to use by course designers and appropriate doc-
umentation issued.

Finally, the implementation of the initial lesson 1iBrary func-
tion as designed by the contractor was not acceptable to the
Air Force. During the FQT, and acceptable programming solution
and attendant capability was developed. The general
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concept of the selective lesson loading from tape to disk

is that all lessons to be accessed during a given on-line
period of operation will be identified prior to the commence-
ment of that period. The off-line lesson building program
was modified to permit the addition or reconstruction of

the lesson file table of contents, based upon a control

card input, This permits a new lesson to be added to an
existing file or for the old contents to be completely
replaced on a day-to-day or run-by-run basis, It is

not possible however, to load additional lessons from

tape to disk during an on-line session. If it should become
critical to obtain access to additional lessons from tape
during an on-line session, the CDTS can be closed down and
additional lessons loaded from tape to disk in a relatively
short period of time.

The on-line printouts of '"trainee" and 'course designer"
actions as a result of executing the tests and inputting
data in accordance with the scenarios are contained with-
in Appendix 1IV.

In addition, the off-line printout of the test--OFLINE,
depicting the errors and the on-line execution of the
test after the errors were corrected are contained within
Appendix 1IV.

Selected trainee records were compared against the on-line
printout and the off-line listing of the test to verify
the accuracy of the record content. No apparent discrep-
ancies were found. A sample trainee record is also con-
tained in Appendi_x Iv.
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Section IV

CONCLUSIONS AND RECOMMENDATIONS

This project provided members of the staff with valuable experience in
several general areas:

o

The design and implementation of a modularized computer assisted
instructional system.

The development, construction and validation of an extensive computer
assisted training course with primary emphasis upon performance
oriented tasks.

The extension of knowledge in the use and operation of third generation
computers.

This experience is translated in this section into conclusions and re-
commendations for improvement to the current CDTS, additional capabilities

and finally considerations for use of the CDTS as a research vehicle.

A.

Improvements to the current CDTS

During the Formal Qualification Testing several suggestions for mod-
ifying and/or increasing the capability of the CDTS were expressed
by members of the Air Force Test Team as well as project personnel.
A summation of these comments follows. No attempt has been made to
estimate the costs (manpower as well as additional system capacity
requirements) to implement any or all of these suggestions,

(o]

Increase the 4PP character frame limit,

Currently the course designer is somewhat confined by being limited
to the use of only 40P characters per frame. Although frames can
be "split", this in turn reduces the potential number of frames
available for a given lesson. Each "split" frame requires a dif-
ferent frame number which subtracts from the 3@@ frame per lesson
limit. 1In addition, the internal splitting of the answer and
action groups is illegal. These groups must be complete within
the specific frame in which constructed. This may severely limit
the number of answer-choices either presented to the trainee for
selection or provided for matching purposes as well as actions
programmed as a result of the response entered by the trainee.

Redesign the Phonetic encoding process.

The current Phonetic encoding process does not automatically allow
for pluralization of responses. In many instances, a word plural-
ized is not equivalent phonetically to the singular version of the
word. This requires that the course designer allow for variations
of correct responses including in many instances--plurals. Also,
the encoding processing should be examined to determine if a more
efficient method could be developed to increase the sensitivity

and thereby reduce the number of inappropriate phonetic equivalents
which are now possible,
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o

Remove inactive users from the system.

It is currently possible to remove all or selectively remove users
from the system regardless of their status--active or inactive.
However, the procedure to selectively remove users is considerably
more complex. As the use of the CDTS increases, it can be predi-
cated that the number of users (course designers/trainees/system
demonstrators, etc.) will also increase and the User Control Table
(UCT) may on occasion approach capacity. A more user oriented
procedure to remove users from this table who are in an inactive
status needs to be developed.

Record clock time on individual history printout.

It is not currently possible to automatically measure the amount

of time a trainee takes to enter a response to a specific question
within a lesson nor accumulate the total time necessary to nego-
tiate a specific lesson. Collection of these data must be accom-
plished manually requiring manpower and time expenditures beyond
the usual available resources. Having the CDTS include a time
parameter as a data item within the performance records currently
maintained would make this information readily available to appro=-
priate Air Force personnel responsible for the validation of lesson
material.

Increase the number of frame labels.

Currently, the CDTS permits the labelling of 50 frames. The ability
to branch to a labelled frame using the GOTO option was especially
useful during validation to recover or circumvent lesson errors,
machine and/or program failures which disrupted the training ses-
sion. Still, in many instances, lesson material had to be repeated
unnecessarily as the number of labelled frames was severely limited.
The number of labels permitted should be increased or the ability

to GOTO a frame number be added to permit more discrete recovery
from lesson disruptions.

Record exact trainee respomses.

Currently the CDTS records only the letter which was selected

for input by the trainee in response to a multiple-choice questiom
or the letter which matched the inserted response in the question
frame. As a diagnostic tool, the recording of the exact response
input by the trainee would aid immeasurably the task of course
designers in analyzing existing lesson material for further mod-
ification and/or additional material. The impact on the immediate

storage requirements and response processing would have to be
assessed.
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o Additional prompting.

In this initial design of the CDTS there is a minimum of informa-
tion generated to assist the user during the building of a lesson.
When a message or cue is output there is no additional information
provided if the user doesn't fully comprehend. It was suggested
that the current set of messages be linked to an additional level
of expository messages which would be output when requested by the
course designer., This could be made to provide the bare rudiments
of a tutorial dialogue.

B. Additional Capabilities

During the design of the CDTS certain functions were restricted or
excluded to enable the system to be designed, developed, tested and
ready for release in a timely manner. However, it is felt that certain
of these capabilities would be most advantageous and should be given
further consideration to increase the efficiency and application of

the CDTS.*

o On-line assistance to the Trainee.

5 Unless provided by the course designer within the context of the
lesson material, the trainee cannot receive additional assistance
during lesson execution. One method to provide assistance to the

- trainee is to build it into the lesson. An attempt to provide

assistance to the trainee in this manner is extremely difficult

to construct, anticipate where or when the assistance will be
required and tailor the information to the individual trainee
needs. However, it is felt that certain guidelines could be
determined and programmed into the CDTS, If it were determined
that certain information would be variable, provision could be
made to allow the course designer to insert the necessary infor-
mation.

o Lesson Presentation Media.

Currently the CDTS is designed to interface only with the Frieden
RemQte Terminal. This is restrictive in the rate in which infor-
mation can be presented as well as the type of information., A key-
board/printer severely limits the presentation of graphic displays
The CDTS should be modified to enable interfacing with appropriate.
cathode ray tube equipment to permit the timely presentation of

* Certain capabilities were discussed at conferences/meetings conducted during
the tenure of this project.
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textual as well as graphic material, 1In addition, the keying of
responses should be supplimented by providing the user the ability
to input information via a light pen device. Coupled with these
capabilities could be provided the ability to control though the
lesson frames audio visual devices, tape recorders, etc. In effect,
the CDTS should be modified to permit the interface and control of
various multi-media devices to increase the course designers sphere
of lesson construction capability with the attended benefits trans-
ferring to the trainee in the manner of presentation and response.

o Calculation capability.

A computational capability was excluded from the initial design of
the CDTS. No mathematical capability is available for use by the
course designer as a separate tool outside of lesson construction

or within the context of the lesson. Similarly, the trainee must
insert an exact numeric response to receive proper credit. The

CDTS is incapable of determining whether programmed answers/inserted
responses are algebraically equivalent.¥*

At a minimum, the ability of the CDTS to perform calculated numeric
matching during the execution of a lesson should be available. This
would reduce the mecessity of the course designer to provide various
combinations and permutations of numeric answers in anticipation of
what a trainee might insert. The course designer could then rely
upon a "built-in" answer/response numeric comparison processor.

Depending upon the capability provided, the course designer as well
as the trainee should be able to define and manipulate functions
and matrices and call upon various computational service routines,
While receiving on-line instruction, the trainee should be able to
construct mathematical functions for his own individual use as
needed for problem-solving. A trainee could label the functions he
creates and use them whenever he mneeded them--in effect, he could
create his own library of computational aids for problem solving.

The course designer could couple the computational capability with
the decision language already existing within the CDTS to more
finely control the trainee's path or sequence through the lesson.
For example, in addition to trainee performance data automatically
stored by the CDTS, the course designer might wish to keep track
of the trainee's current position in the lesson or whether in a
review status for subsequent use in a conditional decision state-

ment.

* During the Phase I and II validation activity, an exhibit handbook (TM-(L)-3725/
012/02) was used to present tabular and graphic presentations in lieu of a
cathode ray tube.
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.

o Lesson Construction Quality Control.

The CDTS provides a minimum of quality control during the con-
struction of lesson material by a course designer either on-line

or off-line., Apart from determining whether legal labels have

been inserted or decision statements have been properly stated,

the responsibility of properly constructed lessons falls upon the
course designer. This requires that the course designer execute
(on-line) the lesson as a '"trainee'' attempting to check out various
sequences to ensure that the material is logically comstructed.
This takes course designer time as well as on-line computer time.

An additional capability should be added to the CDTS to automatically
quality control lesson material for logical construction., This could
be accomplished off-line. For example: the lesson material could

be checked to determine that all branches are legal, frames contain
the required groups and are in the proper sequence when split and
correct responses have been included when required., Having determined
that the lesson was constructed "logically", the course designer

could devote his time and the computer's to determine if the material
is meaningful to the target population.

o Response Latency Control.

There is no method available to control the length of time in which
to anticipate an inserted response by a trainee before a programmed
intervention can be executed,

A trainee could "sit" an excessive length of time without receiving
any prompts or aids to assist him in proceedings with the lesson
material. To circumvent this deficiency the CDTS could be modified
to provide a tolerance parameter in which to anticipate a response.
If the trainee did not respond within a specified time period, the
program would initiate the action provided by the course designer.

In addition to these specific capabilities which were restricted or
avoided in the initial design of the CDTS, it became apparant during
the life of this project that other capabilities/recommendations should
be considered for the future versions of the CDTS. Two of the more
important as well as feasible additions are:

o A CDTS internally controlled review.

Although a trainee can GOTO a frame labelled REVIEW, this is a
limited capability. A function built into the CDTS could permit
the trainee to request REVIEW at any time and the program would
print out the topics/sections available for selection. (Topics/
sections would be specified by the course designer during lesson
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construction.) The trainee could review any time after completing
the first topic. The program would prevent a trainee from review-
ing a topic until completion of that topic had occurred. At the
end of each topic reviewed, the program could query the trainee as
to whether he wished to review additional material or return to
the appropriate point within the lesson.

o Group Summary of Trainee Records.

The automatic capability to summarize more than one individual
trainee's record of performance is nonexistent. To obtain an
estimate of several trainee's performance who are taking the
same lesson material requires manual data manipulation. A
capability to provide summation data for one or more trainees
should be provided to enable Training Supervisors to better
assess trainee progress and performance across various courses
of instruction.

C. Further Implications

The CDTS was pointedly designed to provide the Air Force a computer-
ized vehicle to meet many of the varying on-the-job requirements with-
in an operational environment. And, as part of this project an initial
step (the computer operator's course) was instituted toward meeting
one of these requirements.* In addition to this specific course, the
capability now exists to develop and implement additional courses in
such varied areas as finance, transportation, inventory control, pro-
gramming, etc. These courses could be standarized or tailored to fit
individual requirements at specific installations. Also, each in-
stallation which had the CDTS could develop specialized material to
meet additional training or operational requirements.

Developing a programming course could not be adequately accomplished
using the current CDTS. The theory, rules, regulations and conventions
of the programming language under consideration could be taught using

a CAI approach., However, to provide the trainee with the ability to
develop his own programming routines, check them out and provide error
messages and remedial material, would require several changes to the
CDTS. The CDTS would have to be able to simulate the syntax processing
of the specific compiler or be able to gain access to an actual compiler.
This would permit the trainee to develop his programming routines and
have them operated upon in a realistic manner.

Finally, as an aid in the implementation of the CDTS, lesson material
could be developed in the CDTS language that would teach potential
users how to use the system. Not only the language structure, con-
ventions and restrictions, but "how' certain capabilities can be used
and "why'. This material would supplement the user's manual.

* The Base Level System is primarily for management use. The CDTS was designed
to train users of the Base level System.
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Apart from the practical application of the CDTS, it should be con-
sidered for use as a research tool. The use of CAI techniques as

they pertain to performance related tasks needs further investigation.
At various points in the Computer Operator's Course the trainee was
instructed to leave his training device and perform "hands on" train-
ing to complement the tutorial material, This blend of tutorial
material with '"hands on'" training is at best difficult to achieve in
an effective manner.

The CDTS could be used to develop material which could be directed
toward areas such as:

o When and how could tutorial and "hands on" training be complemented?
o Where or how can CAI be applied in team related tasks?

o Cost factors involved in the incorporation of audio/visual devices.
Is the increase in learning (if any) worth the cost?

o What is the application for CAI at the command and control level?
to indicate a few.

In conclusion, it is recommended that the improvements to the current
system as well as the additional capabilities be given strong considera-
tion for implementation. This would greatly aid the production and
presentation of training material, facilitate the operation of the
system, and permit increased data analysis of individual/group perform-
ance. Finally, the use of the CDTS as a research tool should be
exploited.
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Section V

PROJECT PERSONNEL

Dr. John W. Cullen, Project Head, Advanced Projects, was principal investigator
for this project and supervised the full time effort of these project members
for the entire term of the project.

Mr. Alfred K. Butler, Human Factors Scientist, responsible for the
Operational Specifications, Users Manual for the CDTS and field
validation of the Computer Operator's Course,

Mr. Richard S. Cowdery, Computer System Specialist, responsible for
coordinating the overall programming effort for the design, develop-
ment, assembly, and test of the CDTS.

Mr. Larry R. Harris, Human Factors Analyst, Senior, responsible for
the coordination and development of the Computer Operator's Course
Material.

During this project, personnel were brought on board for varying
levels of effort to assist in the development of the CDTS and the
Computer Uperator's Course.

Peshek, L. D. Programming Analyst Senior

La Point, J. E. Computer Programmer Analyst, Senior
McBane, D. K, Programming Analyst Senior

Pratt, E. M. Programming Analyst Senior
Hourigan, J. P. Human Factors Scientist

Dagley, H. C. Human Factors Analyst, Senior
Maginnes, E. B. Human Factors Analyst, Senior

Two student associates, Mr. Edward Brill, Stanford University and
Mr. John Keats, Florida State University, worked full time on the
project during the summer of 1967 and 1968 respectively in residence
in Santa Monica. Mr. Keats developed the initial material for
Lesson 2 - Number Systems for the Computer Operator's Course and

Mr. Keats transcribed Lessons 1-8 of the Computer Operator's Course
from the operational specifications into PLANIT lessons ready for
conversions into the CDTS format,
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Section VI

PROJECT DOCUMENTATION

ESD TR-68-152

Operational Specification for a Computer-Directed Training Subsystem for Inte-
gration into the Air Force Phase I1 Base Level System, 15 March 1968.

ESD-TR-68-301

Performance /Design Requirements and Detailed Technical Description for a
Computer-Directed Training Subsystem for integration into the Air Force Phase
I1 Base Level System, June 1968.

TM-(L)-3724/002 /00

Test Plan for the Validation of the Computer Operator's Course Module, 15
December 1968.

TM-(L)-3724/003/02

Category I Test Plan Computer-Directed Training Subsystem for Air Force Phase
II Base lLevel System, 1 August 1969.

TM-(L)-3724/004/01

Users Manual Computer-Directed Training Subsystem for Air Force Phase II
Base Level System, 30 October 1969,

TM-(L)-3724/005/00 Draft

Formal Qualification Test Results Computer-Directed Training Subsystem
for Air Force Phase II Base Level System, 1 August 1969. (The substance
of this document has been included within this document as Part III,
Testing and Evaluation and Appendix D)

TM-(L)-3724/006/00 DRAFT

Detail Specification Part TI Computer-Directed Training Subsystem for
Air Force Phase II Base Level System, 12 November 1969.

TM-(L)-3725 Volume 001 through 018

Computer Operator Material for a Computer-Directed Training Subsystem for
Integration into the Air Force Phase II Base Level System, 15 March 1968.
(Final lesson documentation will be released as off-line listings. The
outline and course objectives are presented in Appendix B).

The validated Computer Operator Course Exhibits TM~(L)-3725/012/02 dated
1 July 1969 will be released with the off-line lesson listings.

In addition to these documents, monthly reports for contract F19628-68-C-0399
P00l were issued as TM-4027, Volume 000 through 015 and quarterly reports

for contract F19628-67-C-0427 P002 were issued as TM-4142, Volume 000

through 005.
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This Appendix presents the system flow for the Computer-Directed Training

Subsystem.

Appendix I

FLOW DIAGRAM OF THE CDTS
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SYSTEM FLOW

The Computer~Directed Training
Subsystem permits the present-
ation of lesson material to
trainees through the Lesson
Execution Mode. Material is
presented on line in an inter-
active environment. Inserted
answvers are processed by the
program and compered with

the answers specified with-
in the lesson for a pos~
sible match.

Based upon the answer-
matching process, the pro-
gram executes the appropri-
ate action. The answver-
matching tolerance may be
increased through the use
of PHONETIC encoding,
KEYWORD matching and ORDER
sequencing.

The trainee may review
selected parts of the lesson,
discontinue a particular
session and return to the
proper point in the lesson
at a subsequent session.

This mode permits on line
construction of course met-

RETRIEVE
FUNCTION
ACCESSES LSSN
SPECIFIED

WITH RESTART
POINT SAVED
FOR NEXT

SESSION

erial. After initial pro-

gram load the user may in-

sert the command to commence TLESSDABLI:N
building & lesson.
o 2 INITIALIZED

Lesson material is inserted

within a series of units
termed "frames”.

The program presents the frame
types for selection. The
program branches from group
to group within the frame

type selected permitting the
ingertion of textual meter-
ial, ansvers and subsequent
actions. Decision
statements can be for-
mulated and entered into
the lesson.

As each frame i{s construct-
ed the program stores the

content in the lesson ‘able,
branches to the Frame

0

CUE FOR

FRAME TYPE
COURSE DESIGNER
INSERTS LESSON

THXT,
ANSWERS, ACTIONS, FEED-

BACK WITH ANY COMBINATION
OF FRAME TYPES DESIRED

Selection Function and LSSN I8
the process may be AVED ONTO
repeated. The course TORAGE
designer may preserve EVICE

course material onto

an appropriste peripheral
component with a name and
ID associated with it.

The program stores hist-
orical records of the trainee's

path and answers through the lesson in s Trainee Record Table.
This table may be processed for off-line Individusl Summary

as vell as History data.
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Appendix II

COMPUTER OPERATOR'S COURSE OUTLINE, OBJECTIVES
AND SAMPLE OF COURSE MATERIAL

This Appendix presents the Computer Operator's Course Outline and Objectives.
In addition, an example of lesson material from both the course design and
trainee standpoint is included.

Page
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Course Objectives . . . . . . . 2t N e 72
Example of lesson Material from the Course De81gn/Trainee V1ewp01nt = 112
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COURSE OUTLINE

1 ORIENTATION AND INTRODUCTION TO COMPUTER CONCEPTS

A. Introduction to Computer Concepts
1. Dispelling computer myths
a. They don't think
b. They are controllable instruments of man
2. Explicitness of man-machine communication
3. Definitions
a., Lack of universal definitions
b. Data base
c. Calculator vs. computer
d. Program--computer operator
e. Hardware--software
f. DP--EDPM--EAM--PCAM--EDP/ADP
4. Historical sketch
a. Babbage--father of computers
b. Hollerith--punched cards
c. World War II--advent of electronics
d. UNIVAC--commercial availability
5. Generations
a. First--tubes

b. Second--transistors (solid state)

C. Third--microminiaturization
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Characteristics/Configurations

1. Digital/analog-hybrid

2. General purpose vs. special purpose
3. Solid state--cooler, smaller, faster
4. Instruction repertoire

5. Limited vs. modular design

II. NUMBER SYSTEMS

A,

Basic Terms

1. Sum

2, Product

3. Factor

4, Base of number system
Exponentiation

1. Base

2. Exponent

3. Order of operations
Number Systems Symbols

1. Decimal

2, Binary

3. Octal (triads)

4. Hexadecimal (quadrads)
Calculations and Exercise
1. Expansion

2, Addition

3. Complementation
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III. BASIC COMPUTER COMPONENTS (ELEMENTS/UNITS)

A,

B.

Definition of CPU
Storage (Memory)
1. Word
a. Data
b. Instruction
2. Memory register (cell)
3. Bits (are located)
4, ZLocation (address)
5. Bytes
6. Number of stored locations
7. '"K" concept
8. Word length
9, Types of memory (internal storage)
a. Core (ferrite)
b. Thin film
Arithmetic Unit
1. Accumulator
2. Memory image transfer
Control Unit
1. Memory buffering
2, Parity
3. Cycles
a. Machine
b. Instruction

c. Execution
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E.

Input/Output Units

IV. COMPUTER SYSTEM AND PERIPHERAL UNITS

A,

Criteria for Evaluating Storage Devices (capacity--speed--reliability--
cost--power requirements--physical size)

Common Types of External Storage Media
1. Punched cards
a, Binary
b. Symbolic
c. Hollerith code
2. Magnetic tape
3. Magnetic drums
4, Disks
5. Paper tape
Input/Output Configuration
1. Cards via card reader and punch (1/0)
2. Magnetic tape via tape unit (I/0)
3. Magnetic drums (I/0)
4, Disks (1/0)
5. Paper tape via paper tape reader and punch (I/0)
6. Electric typewriter (I/0)
7. Console (keyboard = I, CRT = 0)

8. Printer (paper - 0)

Definitions
1. Reading
2. Writing
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E. Control Units
F. Timing
1. Millisecond
2. Microsecond
3. Nanosecond
4, Access time
5. Add time
G. Access Types
1. Direct
2. Sequential

DATA REPRESENTATION

A, General
1, Media specific

2, Types of transfers

B. Binary
C. Codes

1. BCD

2. EBCDIC
D. Bytes

1. Hexadecimal machine

2. Octal machine

E. Fractional Number Representation
1. Fixed point
2. Scaling

3. TFloating point
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a, Advantages
b. Disadvantages

Viks. PROGRAM DESIGN

A, System Establishment
1. Customer (CU).
2. Formulator (F). Functional Area Analyst
3. Designer (D). Data Systems Analyst; Design Specialist.
a. Flow chart
b. Decision table
4. Coder (CO). Programmer Specialist
5. Machine (M). Data Processing Machine Operator
B. Flow Charting
1. Types
| a. General system, MACRO
b. Detailed program, MICRO
2. Advantages
3. Conventions (standard symbols)

VII. PROGRAMMING LANGUAGES

A. Machine Language
B. Symbolic Code; Mneomonic Operation Code
1. Instruction classes
a. Arithmetic
b. Sequence control

¢ ¢. Data movement

d. 1/0

e. Comparison
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E.

2, Macro instructions; library routines
Assembler

1, Source program

2, Object deck

Procedure Oriented Language

1. FORTRAN
2. COBOL
Compiler

1. Generator
2. Translator

Report Program Generator

VIII. OPERATING SYSTEMS

A,

B.

Definitions

Functions

Utility Programs

Types

1. Batch processing; job stacking
a. Computer job shop (closed shop)
b. Supervisory time
c¢. Turnaround time
d. Throughput
e. Operating efficiency

2. On/off line

3. Time sharing; Multiprogramming
a. Advantages

b. Background, foreground
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IX.

E. Third Generation
a. Industrywide
b. Advantages

INTRODUTION TO B 3500 SYSTEM

A. B 3500 system
1. Modularity
2. Third generation
3. Multiprocessing
B. Software
1. Operating system
a. Master control program
b. Functions of MCP
2, Compiler
a., TFORTRAN compilers
b. COBOL compilers
3. Others
a. Advanced assembler
b. Advanced sort generators
c. Auxiliary programs
C. Base Level Components
1. Central processor
a, Display panel
b. Control panel
2, Console printer and keyboard

3. Core memory modules (Range)

59



4. Peripheral equipment (Diagram)
a. Card reader
b. Card punch
¢c. Magnetic tape units (MIU)
d. Disk storage unit
e. Line printer
5. Remote terminals
D. Arithmetic Capability
1. Fixed point
2. Floating point
3. Decimal machine
E. Data Representation
1. Bytes
a. Two digits
b. Eight bits = two digits
c. Two bytes = one word

d. Addressing = % byte (digit)

2. ASCII
3. BCL
4, EBCDIC
X. PERIPHERAL EQUIPMENT--LOW DATA RATE

A. Card Reader
1. 800 cpM
2. Under the control of an I/0 control unit

3. Reads colummn by column beginning with 1
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4, Interchangeability
5. Card Hopper--capacity 2400 cards
6. 9s row down and facing in
7. Reading station
8. Ends in a stacker
9. Control panel switch/indicators
a. Power on/Power off
b. Start/Stop
c. Not ready
d. Feed check
e. Validity check
f. End of file
g. Reset
h. Validity on
i. Read check
10. Hands on training
Card Punch
15 300 CPM
2. Hopper holds 500 cards
35 Placement - 12 edge down and in
4, Follow block
5. Punch and post punch read stations
6. Stackers
a. Primary
b. Error

c. Auxiliary

61




Control Panel Switch/Indicators
a. Power on/Power off
b. Start/stop

c. Not ready

d. Feed check

e. Punch check (on)

f. Runout

g. Reset

Hands on training
Printer

1100 LPM/high speed slew
132 PP

Forms

Control Tape

a. Feeding and spacing

b. Changing

Control panel switches/indicators

a. Power on/Power off

b. Skip to heading

c. Ready/Not Ready
Duplicate switches/indicators

Hands on training
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XI. PERIPHERAL EQUIPMENT--HIGH DATA RATE

A. Magnetic Tape Units

1 Types
a. Free standing - 9391
b. Clustered - 9381
2, Reels
a. Take=-up
b. Supply
c. Size 8%" and 10"
d. Ring

3z Load Point

4, End of tape

St Speed
a. Normal
b. Highspeed rewind
6. Reading--either direction
s Mounting procedures
8. Control panel switch/indicators
a. Unit designator
b. Power on/power off
c. Load
d. Unload
e. Local
f. Remote
g. Write ring
h. Rewind
i. Density
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9. Button actions

a., Load
b. Rewind
¢. Unload

10. Hands on training
B. Disk File Electronics Unit (DFEU)
L. Controls the disk file modules
2. Control Panel switch/indicators
a. Power on/Power off
b. Not ready
¢. DC on/DC off
d. Master lockout
e. Disk lockout
C. Disk File Modules
1 Physical characterisitics
a. Nonremoveability
b. Total capacity
c. Tracks per disk
d. Segments per track
e. Number of disks
2% Types of....(logical)
a. System disk
1) McCP

2) Tables and directories used by MCP

64



b. Users disk
1) Programs
2) Data files
3) Compilers
3. Files
a. Permanent
b. Temporary

XII. OPERATORS CONSOLE AND SUPERVISORY PRINTER/KEYBOARD - 9340

A. Printer/Keyboard
1. Acronym SPO

2. Specifics

X a. CTRL
‘ b. ENQ
) c. ETX

d. NAK

e. Power switch

3. SPO operating procedures
a. Start operations
b. Erase message
c. Terminate message

B. Operator's Console

It Display Panel

a. Nixie tube

1) Number representation 0 - 5
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a. Digits 0 - 9
b. Undigits O - 5
c. Hexadecimal equivalence
b. Left Group
1) OP AF BF
2) Memory address
3) Program address
c. Right Group

1) Instruction address

2) Memory information

3) Base
4) Limit
2 Channel indicators
Sk Fixed message displays

C. Control Panel
6 Keys
a. Information entry (16)
b. Power on/off switches
c. Display control and information entry (13)
I €L
2) LD

3) STOP/RUN

4) SI
5) OP
6) A,B,C
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7) PA

8) AD
9) WR
10) skip
11) Read

12) Emerg. Pull Off
13) Term

2) Normal

3). Universal load

XI111. SYSTEM SOFTWARE AND INTERVENTION (Part 1)

A. Definitions

1 Disk directory table
2. Scratch tape
3k Breakout

4, System log
O File opening
B. System Load Procedures

I MCP loaders
a. Simple start
b. Cold start

2 System loader control deck
a., Cold start control cards

1) Required cards

2) Optional cards
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b. Start requiring replacement of the MCP (simple loader)
1) Required cards
2) Optional cards
3) Required sequence of cards
c. Program control cards
1) Compile
2) Execute

3) Remove

4) Dump
5) Load
6) Change
7) Label
8) Data

9) Restart
10) Unit
11) End
d. Program parameter cards

1) Priority

2) File

3) Core change

4) Value

5) Charge
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XITI. SYSTEM SOFTWARE AND INTERVENTION (Part 2)

A. System Output Messages

38 Format differences
a. Messages requiring operator action
b. Messages signaling discontinuation of a program
c. State of processing messages

2. Message categories
a, Errors

1) Hardware

2) Data

3) Program
b. Requirements
1) Peripheral
) 2) Data
c. Results - MCP response to query
1) Input query messages
2) Input commands |
3) Options

B. Introduction of Data and Program Files into the System ‘

1 When they can be introduced
2. How they can be introduced
a. Data

1) Card files in reader
2) Pseudo card decks

2 3) SPO input messages
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b. Programs
1) Program scheduled
2) Operator scheduled
3. Mix versus Schedule
4, Precedence link feature
a. Purpose
b. Method of using
Sl Pseudo card readers
a. Purpose

b. Messages pertaining to pseudo card readers

. Operator-System Interaction

X Inserting Control information - CC message
7 Loading a program - LD message

3 Unit status - OL message

4, Control of Pseudo Card Readers - RN message
D Removal of control decks - RD message

6. System options

a. Enabling options
b. Disabling options
c. Messages involving options
iz Log maintenance
a. Operator response to MCP warning messages
'b. System response to operator answer

8. Using the mix index-MX message
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10.

11.

12,

13.

Interrupting programs

a. BK message

b. BR message

Restarting programs - RB message
Suspending - terminating programs
a. RS message

b. DS message

c. ST message

d. Reasons for suspending
Reinstating a suspended program
a. OK message

b. GO message

Additional system operator actions
a. WS message

b. RS message

D. Program Failure and Debugging

15

Detection of program failure

a. Repeated output messages

b. Opening and closing files

c. Exceeding time required for execution
Memory dump

a. DM message

b. DP message

Program trace

a. GT message

b. NT message
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COURSE OBJECTIVES

ORIENTATION AND INTRODUCTION TO COMPUTER CONCEPTS

1,

To be able to identify the following statements as being true:
a. Computers don't think.

b. Computers are controllable instruments of man.

. To be able to state that communication with the computer must be

EXPLICIT.

To be able to state that universal definitions of computer terms has
not been accomplished.

To be able to pick DATA BASE from a list of terms as being most
resembling words such as 'dictionary' and 'encyclopedia.'

. To state that INTERNALLY STORED PROGRAMS are the main way that a

computer differs from a calculator.

To be able to write PROGRAM when asked what machine instructions are
called which tell the computer what you want it to do.

. To be able to pick COMPUTER OPERATOR from a list as being the person

who is responsible for introducing the program into the machine.

To be able to write the following terms when presented with their
appropriate definitions.

a. Hardware - The pieces of equipment which make up the physical
machine and all its components.

b Software - All of the non-equipment and non-personnel aspects
of a data processing system.

. To be able to define the following abbreviations:

a. DP--Data Processing
b. EDPM--Electronic Data Processing Machines
c. EAM--Electronic Accounting Machines

d. PCAM--Punched Card Accounting Machines
e. EDP--Electronic Data Processing

£. ADP-~Automatic Data Processing
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10.

11.

12.

13.

14.

15x

16.

17

18.

To identify EDP and ADP as being synonymous.

When presented with terms such as card sorter, interpreter, or collator,
can identify these as being PCAM rather than EDPM.

Demonstrate the ability to match:

a. Babbage = Father of computers

b. Hollerith Punched cards
(S World War II - Advent of electronics
d. UNIVAC - Commercial

Ability to differentiate the three types of computer Generations by
the use of the following key words...

a. 1st - Tubes
b. 2nd - Transistors (solid state)
(i 3rd - Micro-miniaturization

Can demonstrate the ability to match:
a. Digital computer - counts
b. Analog computer - measures

To supply the term HYBRID as being a combination of a digital and an
analug computer,

To be able to pick VERSATILITY from a list as being the key word which
differentiates the general purpose from the special purpose computer,

Can list two advantages of a solid-state computer. These two
advantages must be from the following list:

a, Faster

b. Smaller

Cr Less heat

To be able to pick out the statement 'What the computer can do' from

a list of statements in answer to the question "What is the INSTRUCTION
REPERTOIRE of a computer?"
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119:;

20.

To be able to pick out that 3rd generation computers contain both
scientific and commercial instructions as part of their instruction
repertoire.

To fill the word MODULAR as being the type of design to which components
can easily be added.

II. NUMBER SYSTEMS

1

Ability to define BASE of a number system as being the total amount
of different symbols used in that system.

. To be able to state that:

a. SUM refers to addition
b. PRODUCT pertains to multiplication

Cis FACTORS are the same as numbers/symbols

. To be able to identify, in the expression b**n, that n is called the

EXPONENT (POWER) and that b is called the BASE.

. To be able to define the nth power of a number b as: 'b multiplied

by itself n times.'

To be able to work any simple problem reflecting that the @th power
of a nonzero number equals one, (e.g., b**0=1 for any number b,
other than zero, since @**@=@).

. To be able to list the highest symbol for the following number systems:

a. HEXADECIMAL -0 123456789 ABCDETF

b. DECIMAL -0 123456789
c. OCTAL -0 1234567
d. BINARY -0 1

. Write HEXADECIMAL as being the number system that is used in most

third generation computers,

. Is able to pick from a list, the correct order of arithmetic operations.

The correct order is as follows:

a. EXPONENTIATION

b. MULTIPLICATION

c. ADDITION
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10.

1L,

i

13

14,

15.

Is able to define TRIAD as a group of 3 binary digits and can convert
and reconvert any Octal number to groups of triads.

Is able to define QUADRAD as a group of 4 binary digits and can
convert and reconvert any Hexadecimal number to groups of Quadrads.

Given various combinations of symbols; state which number systems
these symbols are:

a. HEXADECIMAL

b. DECIMAL
c. OCTAL
d. BINARY

To be able to write any number of the following systems as a decimal
number,

a, HEXADECIMAL

b, OCTAL

c. BINARY

To be able to add any two symbols in the following number systems.
a. HEXADECIMAL (e.g., 9+B=14)

b. OCTAL (7+6=15)

c. BINARY (1+1=19)

To be able to complement (via exercises) any symbol contained within
the following numbering systems,

a. HEXADECIMAL

b. DECIMAL
c. OCTAL
d. BINARY

To be able to state that most computers subtract by the method of
complement addition.
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LTI,

BASIC COMPUTER COMPONENTS (ELEMENTS/UNITS)

1,

2

To be able to define CPU as standing for Central Processing Unit.
To be able to list...

a, Storage (memory)

b. Arithmetic unit

c. Control unit

as constituting the CPU.

To be able to fill in the empty boxes when presented with a
diagram of computer components (elements/units).

a. Storage (memory)

b. Arithmetic unit

c. Control (executive) umit

d. Input unit

e. Output unit

To be able to state STORAGE (memory) elements in the computer
component in which all data must be placed before being processed
by the computer.

To be able to list:

a. Data words

b. Instruction words...

as being the two types of words which are stored within the computer.
(In terms of use)

To be able to pick out the correct definitions for the terms:
a, Word

b. Register

c. Address

d. Location

from a list of alternatives
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10.

11.

125

13.

| 14,

15.

16.

L7

18.

To identify that a word is composed of BITS.

To be able to define the acronym BIT as a binary digit.
Ability to define BYTE as being a fixed number of BITS.
Ability to match the following:

a, 8 bits - Hexadecimal machine byte

b. 6 bits - Octal machine byte

To be able to pick from a list, the term THOUSANDS, when asked
the usual number of memory registers contained in a computer,

Given a list of letters, be able to pick the letter 'K' as
representing 1004@.

To be able to indicate that all the BITS which comprise a word
have a unique number.

To be able to list:

a. Core

b. Thin film

as being the two basic types of memory (internal storage).

To select all of the following from a list as being characteristic
of core.

a. Shaped like doughnuts

b. Extremely small

c. Allow magnetization

d. Ferrite

To select 'magnetization occurring in either one direction or
another' from a list of alternatives as being characteristic of

an element of core.

To be able to pick out THIN FILM as being the fastest, when
presented with a list of storage media.

Given a list of storage media, be able to pick out THIN FILM as a
media not currently being used for bulk storage.
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19,

20.

21.

22

237

24,

25

26.

'

28.

To be able to state ARITHMETIC as the unit which contains all the
circuitry and registers necessary for the performance of any and
all computations.

To choose from a list, the term ACCUMULATOR, as that portion of
the arithmetic unit which normally contains the results immediately
following an arithmetic operation.

To pick IMAGE from a list of words when asked what 1s transferred
from memory.

To supply the word CONTROL for the definition, 'a device used for
management of the computers operations.'

To be able to list 2 of the following 3 points concerning a
MEMORY BUFFER:

a. The place where all data must pass on its way to and from
memory.

b, Where parity is checked.
c. Where time buffering occurs.

To be able to supply the word PARITY for the definition, ‘'hardware
feature which allows one to detect inaccurate data transfers.'

To be able to supply the word PARITY ERROR in describing what the
above inaccurate data transfers are termed.

To be able to match:

a., Machine cycle - a fixed interval of time in which a
computer operation occurs.

b. Instruction cycle = the cycle in which the operation to be
performed is brought into the control

section and examined.

c. Execution cycle - cycle during which the operation is
carried out.

To be able to define the acronym I/0.
To be able to pick out I/0 UNIT from a list of terms as being a

device which operates under the control of the CPU and is used to
transmit data to and from internal storage.
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IV, COMPUTER SYSTEM AND PERIPHERAL UNITS

ks

To be able to list 3 of the 6 criteria for evaluating storage
elements. The list is as follows:

a. Capacity

b. Speed

c. Reliability

d. Cost

e. Power requirement
f. Physical size

Be able to list 4 of the following 5 common types of external
storage media. The 5 media are:

a. Punched cards

b. Magnetic tape

¢, Magnetic drums

d. Disks

e. Paper tape

To be able to associate:

a. Binary card & image of memory.

b. Symbolic card - punches on cards which represent letters,
numbers, and symbols,

When asked what code is punched on a card via a keypunch, the
student must be able to pick out HOLLERITH from a list of words.

To pick out MAGNETIC TAPE from a list of storage media as being
where more data axe probably stored than any other place.

Give a partially completed diagram of INPUT/OUTPUT configuration,

the trainee is able to write in the names of various media and
devices into the appropriate blank boxes.
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10.

11.

12.

I3x

To be able to match the following:

a. Reading - information transferred from external equipment
to memory.

b. Writing - information transferred from memory to external
equipment.

To select the writing of a core image out on some media as opposed
to losing what was contained in the core registers, etc. from a
list of alternatives as characteristic of 'core dump'.

To relate the I/0 devices' ability to transmit data as being MUCH
SLOWER than the CPU's ability to process the data. The choices
are:

a. Faster

b. About the same

c. Slower

d. Much slower

Identify that more than one line is the characteristic of MULTI-
CHANNEL I/0.

To pick CONTROL UNIT from a list of terms when asked what the name
of the device is which is used in conjunction with multiple
channels to relieve the I/0 bottleneck.

To be able to match the following:

a., Millisecond - thousanth of a second

b. Microsecond - millionth of a second

¢. Nanosecond - billionth of a second

To be able to match the following:

a. Access time - getting and putting back information from
storage to memory.

b. Add time - accumulate or perform a simple addition
computation .
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14.

To be able to match the following:

a, Direct Access - Core, Drum, Disk
b. Linear (Sequential) Access - Tape
DATA REPRESENTATION
1 Is able to match the following input media with associated methods
of physically presenting data.
a. Punched Cards - The presence or absence of rectangular holes
in specific locations.
b. Paper Tape - The presence or absence of small circular
holes,
c. Magnetic Tape, - The presence or absence of magnetized
Drums and Disk spots (BITS arranged in specific patterms).
2. To be able to recognize all of the following as being ways data are
transferred, even though representation may be different.
a, Punched cards to magnetic tape.
b. Magnetic tape to punched cards
c. Paper tape to disk
d. Magnetic tape to drums
e. Disk to paper tape
3% To be able to pick out BINARY as being the way data are stored in
most computers,
4, To be able to define EBCDIC as "Extended Binary Coded Decimal
Interchange Code."
5. To be able to match the following:

a. BCD - The system that uses 6 BITS to represent numbers

and letters.

b. EBCDIC - The system which uses 8 BITS to represent more

characters.
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10.

11.

12

When asked what 2 forms of encoded data can be contained in a
BYTE or a HEXADECIMAL machine, the trainae can respond...

a. 1 EBCDIC character
b. 2 Hexadecimal digits

When asked what 2 forms of encoded data can be contained in a BYTE
on an OCTAL machine, the trainee can respond...

a. 1 BCD character
b. 2 Octal digits

Is able to encode and decode alphanumeric information expressed
in...

a., BCD

b. EBCDIC

This will be able to be accomplished by direct lookup, as this
information will be presented in tabular form with supplementary
panels,

To supply the word FIXED POINT when given the statement 'A format
in which the programmer is concerned about the location of the

decimal (binary) point within the machine.'

To state SCALING as the process by which the programmer allocates
the above mentioned point.

To supply the word FLOATING POINT when given the statement 'A for-
mat in which the computer itself allocates the exact position of

the decimal (binary) point,'

To be able to identify the following 3 as being advantages of
FLOATING POINT over FIXED POINT.

a. A larger range of numbers can be presented.
b. Greater accuracy can be acquired in computation.

¢. Numbers with different decimal (binary) points can be added
without the programmer having to scale.
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Wk,

1585

14.

To be able to pick out SLOWNESS, in terms of machine time, as
being the major disadvantage of floating point arithmetic.

To be able to match:
a. Fixed Point - Commercial computer

b. Floating Point = Scientific computer

PROGRAM DESIGN

s

To be able to list the five ingredients for system establishment.
They are:

a. Customer

b. Formulator

c. Designer

d. Coder

e. Machine

The prompts Cu, F, D, Co, and M, will be present.

To be able to equate the following in column A with column B,
followed by column B with column C.

A B o

a, Cu - Has a need

b. F - Writes specifications - Functional Area Analyst

c. D - Design the system - Data Systems Analyst/
Designer

d. Co - Puts into machine instructions - Programmer Specialist

e. M - Does it - Data Processing Machine
Operator

To be able to list both methods available to the Data Systems
Analyst for performing his task. The two methods are:

a. Flow charting

b. Creating decision tables
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To be able to write the words FLOW CHART when asked what a given
diagram is. The diagram will be a simple flow chart.

When given the definition '"the graphic representation of what is

to be accomplished during the flow of data through a program
system', the system is able to respond SYSTEM (MACRO) FLOW CHART.
When given the definition "the graphic representation of how various
procedures and decisions accomplish the task of the program system,"
the system is able to respond PROGRAM (MICRO) FLOW CHART.

To be able to match...

a., General/System flow chart with macro

b. Detailed/Program flow chart with micro

To be able to pick from a list the following three advantages that
result from the preparation of a program flow chart before coding

of a program begins:

a. Logical error detection

b. Eases program modifications

c. Facilitates subdivision of computer programs
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To be able to match the following symbols on the left with the
statement on the right.

a. (:fr j:) Start, stop, halt

b. Processing

Cy: Decision or branch

d. (:::) Connector or step operation

e. g Line of flow

£ { Card read or punch
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VII.

g Magnetic tape operation

h. Paper tape operation

e Direct Access Storage
(Disk, Drum, ete.)

4D Printed document

PROGRAMMING LANGUAGES

1 To be able to define the following abbreviationms...
a, COBOL = Common Business Oriented Language
b. FORTRAN - Formula Translation
c. RPG - Report Program Generator

2% To be able to pick out Machine Language from a list when asked,
"What is made up of 1's and @'s?"

3 To be able to supply the term SYMBOLIC CODE when asked what machine

specific instructions are used by the Programmer Specialist to represent
each machine operation,
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10.

11.

1.2

Identify 'symbolic code' and 'mnemonic operation code' as being
the same thing.

List the following 5 basic instructional classes.

a. Arithmetic

b. Sequence Control

c. Data Movement

d. 1/0

e. Comparison

Pick out MACRO INSTRUCTIONS when asked what "a single instruction
which can accomplish specific functions which actually requires
many machine instructions,'" are called.

Can pick out MACHINE ORIENTED LANGUAGE from a list as being 'the
programming language in which the programmer uses symbolic coding

and macro instructions'.

Can pick out ASSEMBLER from a list when asked what converts from
symbolic to machine language.

Ability to match the following:

a. Source program = That which is input to the assembler/
compiler.
b. Object deck - The Machine Language Program that is

the output of the assembler/compiler.

To be able to equate object deck with a loadable application
program.

To pick PROCEDURE ORIENTED LANGUAGE from a list when confronted
with the definition, "a higher order, user oriented language."

When presented with the following statements, the student is able
to pick the proper language type:

a. Does not require detailed machine knowledge -Procedure
Oriented Language.

b. Simplifies transfer of programs from computer to computer -
Procedure Oriented Language.




13.

14.

15%

16.

17

c. Easiest for program maintenance and modification -
Procedure Oriented Language.

d. Most efficient use of computer storage - Machine Oriented
Language.

To be able to state that FORTRAN and COBOL are Procedure Oriented
Languages.

Can pick out COMPILER from a list when asked what converts from a
Procedure Oriented Language to a Machine Language.

Be able to name the two basic phases of a compiler. They are...
a. Generator

b. Translator

To be able to match the following:

a. Generator - Gives Intermediate Language

b. Translator - Gives Machine Language

To select RPG from a list when confronted with the following
definition:

VIII. OPERATING SYSTEMS

15

To be able to write OPERATING SYSTEM for the definition 'The Set
of Control and I/0 Routines which Govern the Initiation and
Operation of Programs'.

To be able to recognize all of the following...

a. Application programs of the computer installation.

b. COBOL compiler

c. FORTRAN compiler

d. RPG

e. UTILITY PROGRAMS

as being programs which run under the control of an operating
system.
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10.

To be able to pick UTILITY PROGRAMS as routines which function
under the control of an operating system and relieve the computer
user from writing new routines to perform standard data processing
tasks,

To be able to identify the following as being examples of Utility
Routines:

a. Sort/Merge
b. Tape copy
¢. Memory print
d. Card to tape

To correctly match the interaction of the application program with
the following:

a. Operating System - continuously.

b. Compiler/Assembler - only when must be modified.

c. Utility Program - only when specific functions are to be
accomplished.

To match the typical origin of the following programs:

a. Operating Systems - manufacturer supplied.
b. Compilers - manufacturer supplied.
c. Utility Programs - Dboth manufacturer and user supplied.

d. Application Programs- user supplied.

To pick ON-LINE as the use of peripheral equipment or devices in
a system in which the operation is under the control of the CPU.

To pick OFF-LINE from a list of terms as being the use of peripheral
equipment or devices not tied to

To be able to write the words BATCH PROCESSING/JOB STACKING when
confronted with the definition, 'a stack of jobs that runs one
after another.'

When asked for the salient feature of the COMPUTER JOB SHOP, the

student can pick out the statement, 'took the user away from the
computer, '
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11.

12,

13.

14,

15.

16.

17

18,

195,

To be able to pick out SUPERVISORY TIME from a list of terms as
being when the user has direct contact with his program at the
computer.

To write TURNAROUND TIME in response to being asked what the
minimum amount of time for getting a job in and back is called.

To write THROUGHPUT when asked what the amount of computer work
accomplished in a given time period.

To equate OPERATING EFFICIENCY with the percentage of time the
computer is in operation versus the amount of time it is idle due
to being set up,

Give a list of statements concerning TIME-SHARING/MULTI-PROCESSING,
to be able to pick out simultaneous use of a computer by multiple
user as being the best statement.

To be able to list 3 of the following 6 advantages of time-sharing.
a. Cost is shared by many users.

b. Pay only for what you use.

c. Maximum use is made of the computer,

d. User brought back to the machine.

e. Manpower is saved.

f. Turnaround time reduced for many users,

To be able to match the following:

a. BACKGROUND - programs running in a batch mode under a multi-
processing system.

b. FOREGROUND - those programs that are run in an on-line mode.

To be able to identify THIRD GENERATION as the era of industry-wide
time-sharing or multi-processing.

To be able to pick out the following as being advantageous of
third generation computers over those of first or second.

a. Greater reliability.
b. More computer power for the same amount of money.
c. Ability to emulate older machines.

d. Areas of storage now protected from other users.
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IX.

INTRODUCTION TO B 3500 SYSTEM

At the completion of Lesson IX, the trainee should be able to:

L.

10.

Select MODULAR DESIGN over LIMITED DESIGN as descriptive of the
B 3500.

Pick from a list of computer generations, the third generation as
being descriptive of the B 3500 system.

Pick out MULTIPROCESSING from a list as a characteristic of the
B 3500 system.

Supply the term MCP for the operating system used for the Base
Level System.

State that the abbreviation MCP stands for Master Control Program.
Identify the following as the standard functions of the MCP.

a, Loading and executing of user programs in a time-sharing
environment.

b, Allocating main memory to programs and relocating user
programs when required.

c. Maintaining disk files.

d. Providing communication between operator and user via
typewriter/keyboard units,

Pick FORTRAN and COBOL from a list as the two compilers which are
available for the B 3500 system.

Pick all of the following as available for the B 3500 system.
a. Advanced Assembler.

b. Advanced Sort Generators.

c. Auxiliary Programs.

Indicate CONTROL and DISPLAY as the two types of panels of the
Central Processor used by the computer operator.

Pick SUPERVISORY PRINTER/KEYBOARD from a list as the device used by
the Computer Operator for communication with the MCP.
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11.

12.

1.3,

14.

15.

16.

17.

18.

19.

20.

Pick lﬂbk or 150K as the amount of bytes of core memory of the
BASE LEVEL system depending upon its level.

List five pieces of peripheral equipment used in the B 3500 system.
a. Card Reader.

b. Card Punch.

c. Magnetic Tape Units.

d. Disk Storage Unit (IAS).

e. Line Printer

Pick REMOTE TERMINAL from a list as the way the user communicates
with the MCP and programs in a multiprocessing mode.

State that arithmetic capability consists of both Fixed Point and
Floating Point arithmetic.

Pick decimal arithmetic from a list as the arithmetic mode of
operation of the B 3500 system.

State that in a B 3500 byte there are:
a. Eight bits.

b. One character.

c. Two digits.

State that two is the number of bytes which equals one computer
word.

To match one-half byte with addressing level within memory.
Define the following acronyms:

a. ASCII - American Standard Code for Information Interchange.
b. BCL - Burroughs Common Language.

Match the following:

a. EBCDIC 8-bit standard code for representing data
within the machine.

b. ASCII 7-bit opetional code for representing data.
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c. BCL 6-bit code by which BCD data is encoded on magnetic
tape by many other computers, such as the Burroughs
B 263.

PERIPHERAL EQUIPMENT - LOW DATA RATE

At the completion of lesson 10, the trainee should be able to:

15

2.

10.

11,

12,

Pick 800 CPM as the speed of the Base Level card reader.

Pick CARD READER CONTROL UNIT as the peripheral device which controls
the card reader.

Pick READS COLUMN BY COLUMN BEGINNING WITH 1 from a list, when
asked how the card reader interrogates a punched card.

Pick 'cannot be varied for a given run' when asked about card
length and thickness interchangeability for the card reader
and punch.

Respond CARD HOPPER, when asked what the part of the card reader
is called where cards are loaded.

Pick 2400 from a list as the capacity of the reader's hopper.

Pick '9's row down, facing in' from a list when asked how cards
are placed into the reader.

State that a reading station is the place where the A PUNCHED CARD
IS INTERROGATED.

Pick the term STACKER from a list as referring to an unremoveable
tray used for holding cards in the same sequence in which they
have been input to the card reader.

List the following in sequential order:

a. Hopper

b. Reading station

c. Stacker

Pick 2400 from a list as the capacity of the card reader's stacker.

Pick from a list 'leftmost card in the stacker' as the last card
processed.
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13.

14.

155

16.

17.

18.

19.

20.

21.

22

235

24,

25.

26,

Type NOT READY as the indicator which lights when any of the three
following conditions occur:

a. Hopper empty.
b, Stacker full.
c. Card jam.

Respond FEED CHECK when asked what indicator other than NOT READY
lights when a card jams.

State that START is the only switch which will extinguish the
NOT READY indicator for both card reader and punch.

State that START is the switch which allows the card reader to
read cards under control of the B 3500.

State that STOP is the switch which keeps the card reader from
feeding cards.

State that READ CHECK is the indicator which lights when read
check circuitry detects an operational failure.

Pick 'attempting to read in an incorrect mode' and 'put card in

reader incorrectly'. From a list as the kind of reading errors that

will cause the illusion of a validity check indication.
Respond VALIDITY ON as the switch which must be depressed prior to
the possible indication of an invalid character read via the va-

lidity check indicator.

Pick 'none of the above' from a list of erroneous uses of the
END OF FILE switch/indicator.

State that RESET is the switch which clears all error indicators omn
the card reader.

Pick '300' as the CPM of the card punch.

Pick '500' from a list, as being the number of cards held by the
hopper of the card punch.

Pick 'l2 edge down in' from a list as the correct placement of
cards into the card punch.

State the FOLLOW BLOCK is the device that is placed on top of
the cards in the hopper to ensure proper feeding.
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27.

28.

295

30.

31.

372.

385

34.

35.

36.

3743

State that PUNCH STATION is where the card is held until it is
punched.

List the three types of stackers:
a. Primary

b. Error

c. Auxiliary

Pick ERROR STACKER from a list as the place where blank cards are
forced that have been too long in the punch station.

Pick from a list 'there is no effect' when asked what happens when
cards are removed from the stacker during a card punch operation.

State that START is the switch which causes one card to move from
the hopper to the punch station.

Type NOT READY as the indicator which lights when any of the
following conditions occur:

a. No card is punch station.

b. Punch error.
c. Any of the stakers full,
d. Stop button has been pushed.

State that FEED CHECK is the indicator (in addition to NOT READY)
which lights when there is no card in the punch station as a result
of a failure to feed or a card jam,

State that PUNCH CHECK (in addition to NOT READY) is the indicator
which lights when data, that should have been punched on a card,
are omitted.

State that RESET is the switch which clears the feed check and
punch check error conditions, .

Supply the term RUNOUT when asked to name the switch which causes
cards to pass through the card punch without being punched.

Pick 11§ from a list as being the LPM of the 9245 line printer
due to the high-speed slew.
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38. Pick '132' from a list as being the number of print positions of
the line printer.

39. Pick PAPER from a list as being most closely related to FORM.
40. Pick 'tape interchangeability, controls feeding operations, and
controls spacing operations ,' from a list as characteristics of

the line printer's control tape.

41. State that NOT READY is the indicator which will light after any
of the following conditions:

a. End of paper.
b. The pushing of the not ready button.
c. Paper slews for more than one second.
42, Pick 'causes the carriage to skip to the 1lst punch in channel 1
of the carriage control tape' from a list as the result of pushing

the SKIP TO HEADING SWITCH.

43. State that end of paper is the indicator that is reset by pressing
the ready switch.

44, Pick from a list 'increases operator efficiency’ as the purpose for
duplicate switches and indicators at the rear of the printer.

PERIPHERAL EQUIPMENT - HIGH DATA RATE

At the completion of lesson 11, the trainee should be able to:
L State that the abbreviation MIU stands for Magnetic Tape Unit.

2. Pick from a list FREE STANDING and CLUSTERED as the two types
of units available for the B 3500 system.

3n. Supply the word TAKE-UP in response to being asked what the per-
manently located reel on the left-hand side of the free standing
MTU is called.

4, State that SUPPLY or FEED is the reel which is mounted on the
right-hand side of the free standing MTU.

5, Pick from a list the following as characteristic of clustered
tape reels.

a. Supply reel is mounted directly above the take-up reel.

b. Take-up reel is permanently timed to accommodate tape feeding.
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10.

11.

12,

1:3%

14.

Pick all of the following as constituting that which could be
found on a supply reel.

a. Input data for a program,

b. Blank tape - intermediary.

c. Blank tape - to contain an output,
d. Programs to be executed.

Pick from a list 8%™ and 1¢" as the reel sizes for the Base Level
tape units,

State RING to identify the plastic device placed into the back

of a tape reel which allows new information to be written onto

a tape.

Respond LOAD POINT to identify the reflective marker placed on

the tape at the beginning of a reel which signals where reading

or writing starts,

Pick END OF TAPE MARKER from a list as the reflective marker which
signals the end of tape.

Pick 9¢ IPS from a list as the normal drive speed of a FREE STANDING
tape unit.

Pick 3¢ﬂ IPS from a list as the average high speed rewind speed of
a TREE STANDING tape unit.

Pick EITHER DIRECTION from a list as the method for reading a tape.

Pick from a list the steps for loading a FREE STANDING tape and
order them in the following sequence:

a. Pull down glass door,

b. Place reel onto feed hub.

c. Snap down reel latch on hub.

d. Connect end of tape to end of leader.
e. Position follower arm.

f. Push up glass door.

97




15

16.

17.

1585

19.

20.

21.

22.

237

24.

25.

26.

27.

28.

29.

Pick UNIT DESIGNATOR as the leftmost indicator on the control panel.

State that LOAD is the switch which causes the tape to be drawn
into the vacuum columns and moved from left to right so that the
beginning of the tape is at the read/write heads.

State that UNLOAD is the switch that repositions the tape from
load point to the beginning of the latch leader.

State that REWIND causes the tape to move from right to left so
that the beginning of tape is at the read/write heads.

State that LOCAL is the switch which removes the tape unit from
control of the B 3500 system.

State that REMOTE is the switch which places the tape unit under
control of the B 3500 system.

Pick from a list *Supply Reel has a ring and can be written upon'
as being descriptive of the WRITE RING indicator.

Match DENSITY with the selector in the rightmost position of the
MIU control panel.

Pick from a list LOCAL-LOAD-REMOTE as the correct sequence of
button actions when loading a tape and placing it under control of
the B 3500 system.

Pick from a list LOCAL-REWIND as the correct sequence of button
actions taken when rewinding a tape.

Pick from a list LOCAL-UNLOAD as the correct sequence of button
actions taken when unloading a tape after the tape has been rewound.

Define DFEU as standing for Disk File Electronics Unit,

Pick from a list DISK FILE MODULES as the storage units which are
controlled by the DFEU.

Supply the terms MASTER and DISK when asked what the two kinds of
write lockouts are.

Pick 'the absence of a write ring' as most analogous to a write
lockout condition on a disk unit.
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30.

3.

32

335

34.

35

36.

37.

38,

39

40,

41,

42,

State that NOT READY is the indicator which lights when any of
the following conditions occur:

a. Air pressure low,.

b. AC power off.

c. DC power off,

d. All disks not up to speed.

Pick from a list NONREMOVEABILITY as a characteristic of the disks
of a disk file module.

Pick 1ﬂ,ﬂ¢¢,ﬁ¢¢ as the byte capacity of a disk file module.

Respond SEGMENT when asked what element of a disk module contains
1#P bytes of data.

Respond TRACK when asked what element of a disk module contains
25 segments.

Respond DISK when asked what constitutes lﬂﬁ tracks.

Identify four as the number of disks contained in a disk file
module.

State that SYSTEM DISK and USERS DISK are the two categories into
which disk storage is divided.

Pick from a list MCP and the MCP TABLES/DIRECTORIES as comprising
the SYSTEM DISK.

Pick from a list programs, data files, and compilers as the contents
of the USER'S DISK.

State that FILES are related records which are treated by the user
as being contiguous on the disk.

State that TEMPORARY «escribes files which are normally used by a
single program on a given run.

State that PERMANENT describes files which may be used from job-to-
job, or day-to-day.
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XII.

OPERATOR'S CONSOLE AND SUPERVISORY PRINTER/KEYBOARD - 9340

At the completion of lesson 12, the trainee should be able to:

I

Define the acronym SPO as Supervisory Printer On-line.

Match the following:

2%

10.
11.

152+

135

ENQ - A signal to the MCP that the operator wishes to input a
message,

ETX - End of transmission.
NAK - Reset the entire line of this message.

CTRL - Must be depressed in conjunction with special coded keys
when they are to be used.

PICK CTRL/ENQ from a list as describing the START operation.

Pick from a list in the proper order the following ERASE operations:
a. CTRL/NAK.

b. Retype the entire message.

Pick from a list CTRL/ETX as the operation to TERMINATE a message.
Respond NIXIE TUBE when asked what the equipment is called which
allows for the display presentation of two groups of six digits
each.

Respond DIGITS when asked what the symbols ¢ through 9 are termed.

Respond UNDIGITS when asked what the symbols ﬁ through 5 are termed.

Respond Hexadecimal as the number system which is equivalent to the
extended number sets undigits 7] through 5 and the digits @ through 9.

Pick from a list:

a. OP AF BF.

b. Program address.
c. Memory Address.

.as that which can be displayed in the left group of the Nixie tube.
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14,

15,

Pick from a list:

a. Instr
b. Memor
c. Base
...as tha
tube,

uction address.
y information.
(register) Limit (register).

t which can be displayed in the right group of the Nixie

Pick from a list 'channel is busy' when asked what is meant by

illuminat

ion of a channel indicator.

Match the following fixed message displays:

16.

k7

18.

19.

20.

215

225

23's

24,

NORMAL

ASCII

INTERRUPT

PROGRAM

CHECK

OVERFLOW

TEST

- Not in a control state operation

Indicates the processor is not operating on EBCDIC
data,

Logical interrupt not completed.

Invalid operation, address, or instruction time
out interrupt.

Results from a parity interrupt.

Can be caused by an invalid arithmetic operation.

- Lights each time the operator initiates the system
from the start,

Pick from a list 'the keys which represent the digits @ - 9 and

undigits
keys.

Give the
a. CL -
b. 1D -
c: PA =
d. AD -
e. WR -
B.. ST =

B - 5" as those which comprise the INFORMATION entry

correct meaning of these abbreviations:
Clear

Load

Program Address.

Address.

Write

Single In
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25.

26.

27.

28.

29.

State READ when asked the name of the control key which permits
the display of one to four digits starting at the memory address
specified.

State WRITE when asked the name of the control key which permits
the entering of information into core memory one digit at a time
starting at the memory address specified.

State SKIP when asked the name of the control key which allows
the bypass of a digit position when entering information into core
memory .

State that STOP/RUN is the key which:
a. Stops the processor, or

b. Causes the processor to continue execution of the stopped
program.

State that SINGLE IN is the key which causes the current
instruction displayed in the Nixie tube to be executed and
the next instruction fetched and displayed.

Match the following:

30.

31

32,

33.

34.

35w

36l

op - Causes the current instruction and its address to be
displayed in the Nixie tube.

A,B,C - Causes the corresponding address field (A, B, or C)
of an instruction to be displayed in the right group
of the Nixie tube.

PA - Allows the address of the next instruction to be
displayed in the Nixie tube and changed if desired.

AD - Used in conjunction with the read and write key to
specify the location of the core memory address to
be read or written.

State that TERM functions the same as the clear keys except all
1/0 operations are stopped.

Pick STOP/RUN from a list as the only key which is active whether
or not the processor is halted.

State that UNIVERSAL is the type of load which is used when the

operator selects the channel and peripheral unit from which to
load the system loader deck.
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XIII.

37. State that NORMAL is the other type of load.

38. Pick from a list and order the following keyboard actions which are
necessary for a NORMAL LOAD.

a, CL

b. LD

39. Pick from a list and order the following keyboard actions which are
necessary for a UNIVERSAL LOAD.

an: Gl
b. AD
c. WR

d. Enter channel number and 1/0 descriptor digits.

e. OP and the digits 660000.

f. STOP/RUN

SYSTEM SOFTWARE AND INTERVENTION - PART 1

At the completion of lesson 13, Part 1, the trainee should be able to:
Match the following definitions:

1. Disk Directory Table

25 Scratch

3, Breakout

4, System Log

5t File opening

Contains the absolute disk address and
length of any program/data file that is
a permanent file within the system.

A magnetic tape that does not contain data
relevant to any program and is therefore
available as a storage medium.

The interruption of processing of a given
program.

The table maintained by the MCP which con-
tains all data relevant to management of

the computing center.

A function required of programs before any
data within a file may be accessed.
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10.

Ll

12.

Select the following from a list as the three prerequisites to
B 3500 operation:

a. MCP must be on disk.
b. The Disk Directory Table must be on disk.

c. The computer configuration must be detailed for use by
the MCP.

Select SIMPLE and COLD START as the two types of System Loaders
that may be used to enable B 3500 operation.

Select from a list the conditions which require the COLD START
Loader to be used:

a. Neither the MCP nor the Disk Directory Table exist on disk.
b. The Disk Directory Table is to be wiped out.

State that the SIMPLE LOADER is used only when a different version
of the MCP is to operate with the existing Disk Directory Table.

State that 'an illegal character in column one' is the method by
which the MCP recognizes a control card.

Select from a list in the correct sequence the following control
cards required by the SIMPLE loader:

a, System tape specifier card,
b. Keyboard SPO channel card.
c. Disk specification card,

d. MCP version card.

Select from a list those required, and optional control cards
used as input to the COLD START Loader. The correct cards are:

a, System tape specifier card.

b. Data card.

¢. MCP version card.

d. Channel cards (include keyboard SPO channel card).

e. Unit cards.
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=i

f. Disk specification cards.

g. Load card.

h. Parameter and use (option) cards.

i, File card groups.

j. Stop card.

Match the System Loader Control Cards with their uses:

1:35

14.

1351,

16.

ik 7

18,

19,

20.

21.

22z

23

System Tape Specifier card

Keyboard SPO channel card

Unit card

Disk Specification card

Date card

Use BOJ card

Use EOJ card

Use LOG card

Use OPN card

Use date card

Use time card

105

Specifies the location of the
'SYSTEM' tape.

Specifies the channel to which
the Keyboard SPO is attached.

Specifies the peripheral devices
and their locations for use by the
MCP.

Specifies the number of disk elec-
tronic units and their address
ranges for use by the MCP.

Sets the date used by the MCP.

Causes the MCP to print on the
operator console a beginning-of-job
message for each initiated program.

Causes the MCP to print on the
operator console an end-of-job
message for each program that
completes execution.

Notifies the MCP that maintenance
of the system log is required.

Causes the MCP to print on the
operator console a file open message
each time a file is openeéd.

Causes the MCP to request the date
at each halt/load.

Causes the MCP to request the time
of day at each halt/lo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>