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TECHNICAL REPORT: TAEG REPORT NO, 14
COMPUTER MANAGED INSTRUCTION IN NAVY TRAINING
ABSTRACT
This report presents the findings of a six-month study undertaken to

investigate the feasibility of Computer Managed Instruction (CMI} for the
Navy in three areas: (a) large-scale centralized computer system for all
formalized Navy training, (b) minicomputers for small, remote classes, and
(¢) use of shipboard computers for managing individual training aboard
ships. Specifically, the report encompasses:

. An overview of CMI,

, The state-of-the-art of CMI in the military, government,

industry, and education,

, The feasibility of minicomputers for CMI,

, The feasibility of shipboard computers for CMI,

, The feasibility of a centralized computer center for CMI,

, An overview of computer languages for 'CMI1,

, Rationale and criteria for selecting Navy courses for CMI,

. An overview of instructional terminals for CMIL.
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SECTION 1
INTRODUCTION

Individuals come to training situations at different levels of com-
petence, they learn at different rates, they perform differently in the
training situation depending on their aptitudes, interests, personalities
and learning styles, and they respond differently to various training
methods. Consideration of such individualization is perhaps the most
talked about issue in educational technology circles today.

"Individualized instruction now is understood to include, when fully
functioning: a. freedom for the student to register and commence the
program at any time of any day, b. freedom for the student to enter the
program learning sequences at a point determined by his measured entry
skill level, c., freedom for the student to proceed through the program
at a pace determined only by his‘capability and determination, d. freedom
for the student to be measured for achievement of objectives at any time
he considers himself ready, e. fregdom for the student to select from
amongst a set of instructional media and methods, and f. freedom for
the student tu complete the program whenever he can demonstrate mastery
of the objectives'" (Scanland, 1973a).

"Such indiviaualization of instruction intrcduces so many factors and
variables into the process that ... manual management of each student's
progress through the program becomes a controlling influence on the
efficacy of the individualization. At this point management, or at least
some part of it, should become automated. Such automation is called

CMI" (Computer Managed Instruction) (Scanland, 1973b).
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"It is the position of the CNET that CMI has an essenEfAl contribution
to make to Navy training, that the need will incréase in direct proportion
to the individualization of training and instruction, and that the Command
will continue to support the advancement of empirical knowledge concerning
the optimum applications of CMI until it is a well understood and
established management tool of training” (Scanland, 1973b).

Accordingly, the Chief of Naval Education and Training (CNET) tasked
the Training Analysis and Evaluation Group (TAEG) of the Naval Training
Equipment Center (NAVIRAEQUIPCEN) to investigate the feasibility of CMI.
PURPOSE

The purpose of this study was to investigate the feasibility of CMI
for the Navy in three areas: (1) a large-scale centralized computer system
for all formalized Navy training, (2) minicomputers for small, remote
classes, and (3) use of existing shipboard computers for managing individual
training aboard ships. A preliminary effort was started in October 1972 to
identify the number of formalized courses offered by the Navy and the
location of all courses. Over 4,000 courses were identified in over 100
locations. However, because of reorganization and reassignment of personnel,
the major portion of the study did not get under way until April 1973,

This report presents the results of this investigation of CMI
feasibility. Specifically, this report encompasses:

o An overview of CMI.

o The state-of-the-art of CMI in the military, government, industry,
and education.

o The feasibility of minicomputers for CMI.

o The feasibility of shipboard computers for CMI.
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o The Eeasibility of a centralized computer center for CM1,

o An overview of computer languages for CMI,

o An overview of instructional terminals for CMI,

o Rationale and criteria for selecting Navy courses for CMI.
SCOPE AND CONSTRAINTS '

This study encompassed a review of most of the available literature,

a review of the 13 Navy Formal Schools Catalogs, a Defense Documentation
Center (DDC) search, an analysis of the Master Course Reference File (MCRFK)
Automatic Data Processing (ADP) printout, visits to Army, Navy, Marine,
Air Force and NASA instaLlétions, visits to a representative cross

section of industry and the academic sector, and the development of a
questionnaire to obtain information on courses.

An interdisciplinary project team from TAEG performed the study during
the period April - September 1973, Beyond the constraints of people, time,
and money was the problem of investigating a revolutionary concept of
education in its embryonic stage.

DEFINITIONS OF COMPUTER MANAGED INSTRUCTION

The definition of what constitutes a CMI system and what it should
contain is a controversiai tepic. There is no operational ;ystem that
encompasses all the aspects of a CMI system. Almost all of the definitions
of CMI in the documents reviewed differed at least slightly from each -
other. All definitfions share the common factors of record keeping and
scheduling and some include other factors such as testing, media branching,
diagnostics and prescriptives. A representativé definition from

povernment, industry and academia is discussed in the following paragraphs.
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‘Florida State University (FSU) has conducted research of Computer
Assisted instruction (CAI) and CMI systems and is considered Q leader in
the field. Hansen (1970) 1lists Eivégfhnctions which characterfize an ideal
CMI system: (1) pro;iding diagnostic evaluations with learning prescriptions,
(2) Founselling students about adaptive learning strategies and appropriate
career development, (3) developing an opﬁimal scheduling system to match
students with learning resources, (4) maintaining an appropriate student
instructional record system, and (5) the 1imited use of CAI for drill and
practice,

The Navy definition of CMI is found in OPNAVINST 1500.39: A system
in which a computer is used to route a trainee through a series of
instructional materials, presented by various media, so as to be best
suited to his particular needs and abilities.' The instruction also defines
key words and terms such as '"trainee," "instructional material," etc., such
that the complete definition is contained within the instruction,

A CMI definition that reflects the consensus of industry is that given
bf International Business Machines (1BM) Corporation during a CAI/CMI
seminar in 1971 (IBM, 1971). International Business Machines Corporation
functionally groups CMI into five major categories: methodology, method
of instruction, activities, testing and measuring, and record keeping.
These major categories are further divided as follows:

Methodology - Lecture, small group, individual.
Method of Instruction - Programmed instruction, siides, motion
pictures, etc,

Activities - Problem solving, study packets, books, etc.
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Testing and Megsurement - Pretest, post test, prescription,
diagnosis.

Record Keeping - Monitoring, scheduling, attendance.
Figure 1 presents the CMI schema in chart format.

During the course of this study it became evident that a CMI svstem
shiould contain basic building bliocks which derive trom kﬁe above definitions,
Such a system 1s depicted in figure 2. This system provides: (1) the
feature of self pacing, (2) individualized instruction, (3) a data base of
student records, instructor records, inventory records, curriculum records,
and studenl and course analygis records, (4) optimal scheduling of physical
facilitics, students, instructors, equipment and instructional material,
(5) testing and measuring for diagnostic evaluation and learning pre-

scription, and (6) & model for predicting future nceds of the CMI svstem.
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Predictions

. Student lLoad
. Facilities

. Equipment
. Cost
. Ete.
Data Scheduling
. Student Records CM1 . Facilities
Instructor Records System . Students
. Curriculun Records _ . Instructors
. Course Analysis . Equipment
. Etc, . Ftc.
- Prescription
. Theory
. Laboratory
. Simulator
Shop Practice
Fie.

Figure 2. CMI System Characteristics
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'SECTION 11
APPROACH AND PROCEDURES

V1SITS AND INTERVIEWS

Navy, Marine Corps, Army, industrial, academic and government CMI
activities were visited by an interdisciplinary study team consisting of
a psychologist, an engineer, and an education specialist. Appendix H
contains a list of all the sites visited} appendix C gives an abstract of
each site visit, Interviews with those persons knowledgeable in CMI/CAL,
observations of current computerized training activity, and discussions of
past programs were accomplished at each site,
QUESTIONNAIRE

To assist in determing the potential application of CMI to each
Navy course, a questionnaire (appendix A) was developed. However, due to
constraints of time, funds and ADP priorities this questionnaire was not
used. The ohjective of this questionnaire was to obtain data to
assess the CMl potential of the approximately 4,000 formal Navy courses.
When time and funds become available, this questionnaire can be used,
EXISTING TRALINLNG RECORDS

Appendix B lists the 13 Navy Formal Schools Catalogs. These catalogs
give an abstract of each course, its location, length, skill identifier,
Navy Enlisted Classification (NEC), purpose, scope, prerequisites, quo;a
control, funding and course identifying number, These catalogs served as
a base line for the present study. All other Navy courses were either too
informal or not well established., All formal courses report periodically

under the Formal Training Data System (FTDS), and the training data are
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compiled on the MCRF and the Student Master File (SMF). The Training
Data (TRAD) Report was also used in this study; it lists student records

and includes cumulative reports, outputs, ard other student course data.

10
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SECTION III
ANALYSIS AND DISCUSSION

This section is based upon analyses performed on information obtained
from visits to the activities identified in appendix C, review of available
literature, and review of Navy records.
FEATURES OF CURRENT COMPUTER MANAGED INSTRUCTION SYSTEMS

As stated earlier in this report, most CMI systems today do not meet
all the requirements which would classify them as complete CMI systems. A
comparative analysis of representative systems investigated during this
study is shown in table 1, The analysis includes systems currently operat-
ing or scheduled for contractual development. The systems that include most
CMI features are the Advanced Instructional System (AIS) being developed
for the Air Force by McDonnell Douglas Corporation, the Computerized
Training System (CTS) being developed by the Army, and the proposed systems
for the National Aeronautics and Space Administration (NASA) and Pepperdine
University. The other systems have several aspects of a complete CMI system
and could be expanded to full CMI systems by using additional software and
hardware.

Table 1 indicates that scheduling of students and resources is per-
formed by eight out of 10 systems, Subroutines to accomplish this task
for the remaining systems could be added. As more courses are added ts the
Navy Technical Training Command (NTTC), Memphis, complex, subroutines
will be needed to improve the cost effectiveness of the system. The sched-
uling of students for the USS DAHLGREN project is not included since sched-
uling in the at-sea environment must be extremely flexible., However,

queuing may be required for scheduling the input/output (I/0) terminal

11
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to obtain optimum utilization during the evaluation of this system since
the system will also be used for training in administration functions and
for certain non-training (e.g. supply issue). All systems reviewed have
a record keeping capability. Some organizations maintain a more elaborate
set of records than othersj thus a wide disparity exists in the number and
detail of records maintained for present and future use. The capability
for prescriptives is available in only 50 percent of the systems, On-line
drill by New York Institute of Technology (NYIT) could be classified as
branching, since a student. who fails a test is prohibited from proceed~
ing with drills in other areas until he reports to his instructors for a
procedural decision.

All systems but one have models for predicting additional variables.
The most common variable desired by management is the projected cumpletion
date of a course based upon past performance of the student. Some of the
systems have models for predicting future student load and cost per hour
of "terminal time. All systems have the capability to generate reports.
The data elements in these reports are as varied as the organizations that
utilize the systems., The most common report is a personnel record of the
student.,

Diagnostic pretesting and testing during the course are performed either
on line or off line with three organizations using both techniques, An
on line testing technique (NYIT, 1973) that saves ='oraue (core,
disk, tape, ectc.) has been devised, whereby the computer displays on the
Cathode Ray Tube (CRT) an item number and a kev word. The key word may be
a single word, a number, a phrase, a mathematical expression, an equation,

or any combination of these., Using a question hooklet containing 150

13
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questions, the student finds the item number presented on the CRT. fe
then types the number of the word, phrase, equation, etc., that most
closely corresponds to the key word. An additional feature of this svsten
is the level-of-difficulty rating assigned to each question, Based upon
the scoring strategy, weighted or unweighted -.oring techniques may be
employed,

Seven of the 10 systems ~oserved have the capability to perform test

item analysis. 7The NTTC. Memphis, plans to add this capability in the future.
"he courses are self raced for seven out of the 10 systems. The exceptions
ar> those that ar~. using CMI for scheduling and record keeping only, namely,
Attack Squsdron 122 (VA-122), Naval Air Station (NAS), Lemoore; Fighter
Squadron 124, (VF-12,), NAS, Miramar; and Marine Aircraft Control Sguadron,
Twentynine Palms,

A system that has all the features of CMI is the AlS system being
developed for the Air Force. The system is expensive, i.e., $9.5 million
for three courses. However, it willi be cost effective since the courses
have ideal characteristics for CMI, namely,throughput, stability and
optimum length. The above cost includes system engineering, software
development and procedure'deveIOpment for educational strategies which will
not require duplication for future courses using the same or a similar
concept., The Navy should monitor the AIS program throughout its development.
USE OF MINICOMPUTERS FOR COMPUTER MANAGED INSTRUCTION

The definition of a minicomputer varies within the computer industry.
For this study a minicomputer is defined as one that costs less than
$20,000, has a 16 bit word l:ngth and uses integrated circuits. Typical

characteristics are: weight 18 less than 50 lbs., consumes less than

14
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500 watts. »=-- _ . andard 115-volt power, its cabinet is compact for table-
top or standard 19-inch rack mounting, has magnetic core storage of 4,096
to 32,768 words and has a cycle time of 0.8 to 1.5 microseconds. A mini-
computer system can be configured to perform a number of general func-
tions and at the same time be customized to perform specific functions,

As of this writing, there are 48 different comégnies producing 107
types of minicomputers. The price of a basic system with 4,000 words of
core ranges from $989 to $20,000. Depending upon the machine selected, a
full line of peripheral equipment is available as well as compilers for
FORTRAN, BASIC, ALGOL, and COBOL. The application of minicomputers is
extremely varied, For example, the question whether minicomputers can be
used aboard ship and/or in remote locations for CMI, can be answered 'yes"
but with several reservations, Minicomphters are not designed to replace
large computer systems, but they can perform, at a lower cost, some of the
tasks that are presently being accoﬁplished by large computer systems. Each
couputer system can be configured for optimum utilization; the problem is
to accomplish the proper trade—-off analysis to determine the most cost
effective system, Minicomputers by themselves are not the answer to any
CMI system. The hardwave is extremely cheap by large computer standavds,
However, the costs associated with automatic data processing extend far
beyond hardware costs. Consideration must be given to the initial pro-
gramning requirements, updating and maintenance of existing programs for
compatibility, language compatibiliéy, training of programmers to usc
small machines, compiler compatibiliﬁy, ete. The following presents
additional qualifying discussion of using minicomputers aboard ship and

al remote locations.

15
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SHIPBOARD USE. The USS DAHLGREN is presently conducting tests to ascertain
1f minicomputers can be utilized as an ADP command/management system.
Concurrently with this test, the Navy Personnel Research and Development
Center (NPRDC) will conduct a parallel 1nves£igation to ascertain if the
DAHLGREN minicomputer system can be utilized to teach General Damage Control
via CMI and to accomplish the shipboard training administration function.
This computer configuration and its peripherals are shown in figure 3. The
minicomputer for this pilop investigation is the Nova 1200. The cost of
such a system is approximately $78,000 plus shipboard installation. This
cost does not include course development, lessonware, off-line instructional
media and programming required. The cost of the system may seem excessive
unless the proper perspective is taken. The DAHLGREN system has been
leased to test and evaluate a prototype ADP cbmmandlmanagement system and
for training application.

| Development of the two training applications for the USS DAHLGREN {is
expected to commence soon with shipboard installation planned for one year
later. Test/evaluation under deployed conditions is planned for completion
by June 1975. Regardless of the outcome of this investigation, it is the
opinion of the writers that within the next decade minicomputers will be
utilized aboard ships not only for training but for functions now being
performed by the larger computers., The state of the art continues fo
advance at such a pace that the physical size of a machine to replace the
AN/USQ-20 or the Univac 1219 within the next 10 years will approximate
today's minicomputers. The cost of a minicomputer system continues to

decrease as its versatility increases.
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Certain problems are encountered when minicomputers are installed
aboard ship. Some of the obvious problems are system size and weight,
space required for operating the system, maintenance, spare parts and
logtstics, and trained personnel to operate the system. A typical CMI
system for shipboard use, with typical size and weight requirements, would

consist of the following:

Component Dimensions (In Inches) Weight

Computer 7 x 19 x 23 50 1bs

AN- CRT ' 12 x 21 x 27 75 lbs
' Paper Tape 7x9 x12 20 lbs

Reader

Disc 40 x 30 x 24 250 lbs

ASR/KSR-33 33 x 22 x 19 56 lbs

The space required will depend upon the number and configuration of study
carrels and the number and type of off-line instructional media. The main-
tenance of a minicomputer does not 1lmpose a major problem since most are
designed and constructed on a modular basis. Typical mean time between
failure (MTBF) for minicomputers is 7,000 hours and current design offers
software to aid in trouble shooting faults to card and often component
level. Spare parts and logistics pose a minimum problem since a variety
of minicomputers are now being used throughout the Navy in training
devices and other uses and have been provisioned by Electronics Supply
Orfice. The training of operational and maintenance personnel can be
accomplished by existing training centers. ’

The above is a minimal system; additional equipment would oifer ad-

vantages to students and instructors that would not be found in a less
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austere environment. The exact configuration of equipment for shipboard
use is extremely flexible, depending upon the requirements of the system,
the design concept, and time frame of implementation.

A relatively new computer I/0 technique that offers great potential
as a space and weight saver for CMI shipboard operation is cassettes, The
recording/storage of data on cassettes is gaining wide usage in industry.
Most cassettes have the storage capability of 100,000 to 150,000 bytes per
cassette, Cassettes can be used as a method of distributing CMI courses,
A library of CMI courses can be stored on cassettes, When a student
aboard ship registers for a course (advancement in rating, high school
or college courses, etc.), a set of CMI cassettes would be provided to him
along with textbooks and other off-line media. The cassettes would serve
two purposes: provide the computer with ¢ata to direct the student
through various stages of the course, provide tests, prescriptions, etc.,
and serve as a storage device for recording student data, test scores,
etc. At a designated frequency or at the conclusion of a course, the
student would return the course cassettes as well as the student's data
cassette to the "library" for storage on the computer and subsequently
data could be forwarded to interested organizations such as Naval Training
Information System (NAVTLS),

A veview of existing minicomputer documentation reveals that none
are ruggedized. Thus, a conclusive statement cannot be made about the
ability of off-the-shelf minicomputers to withstand the at-sea environment
of shipboard use. Based upon a preliminary review of reliability data

as compiled by various manufactureres of minicomputers, it is the opinion
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of the writers that relatively few problems will be encountered in using
off-the-shelf machines under anormal operating conditions. As stated above,
MTBF of 7,000 hours is not uncommon among off-the-shelf machines. This

is .achieved by the use of large and medium scale integrated circuits,

design of printed circuit subassembly boards, modular construction, mechani-
cal design, etc. In summary, it is the opinion of the writers that off-the-
shelf minicomputers and their associated peripherals will prove feasible

for CMI training aboard ship. The USS DAHLGREN experience will provide data
to support or negate this opinion,

LANDBASED (REMOTE) USE. The use of a minicomputer in a remote location for

CMIL is feasible, provided sufficient floor space and power are available,
The power requirements for a typical CMI configuration are 115 volts AC #
10 percent, 60 + 10 percent Hertz and less than 50 amps. The floor space
requirement is extremely flexible (150 square feet and up) depending upon
the equipment configuration and number of student carrels.

Providing remote sites with a CMI capability can be accomplished by
either of two methods: providing a complete CMI suite at the remote site
or lqcating the CMI hardware system elsewhere and transmitting the required
information via land lineg, microwave or satellite to a CMI terminal. Each
method has its pros and cons. 1If the entire system is located at a remote
sil 3 provisions must be made for spares, equipment maintenance,and training
material, If the system is located away from the remote site, CMI capabili-
ties can be provided to other locations on a time-shared basis and some of
the logistics problems will be alleviated. However, the concept of a local
site will require the purchase of equipment for transmitting and receiving

. data from the remote site. The cost of leasing land lines is given on page
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26. The decision of which method to employ should be based upon a detail-
ed analysis including recurring yearly costs and life cycle costing,

Attack Squadron 122 is in the initial phase of using a minicomputer
for CMI for A-7 aircraft crews. The initial phase (presently in final
checkout) will be used for non-instructional purposes; i.e., personnel
management, determining and scheduling replacement personnel, and pre-
dicting training required for replacement personnel. Although not provid-
ing instruction during this initial phase, future plans include capabilities
for prescription and branching and expansion to 32 alphanumeric terminals.
The minicomputer for this system is the Digital Equipment Corporation (DEC)
PDP-11/45. vPeripheral equipments include DEC tape, alphanumeric display,
and high speed line printer.

As described in appendix C, the Army Signal Center and School at
Fort Monmouth, New Jersey, is procuring a multi-minicomputer training
system, The initial system purchase will consist of one or more minicomput-

rs  with 32 alphanumeric terminals and have the capability of expansion

to 1,000 alphanumeric terminals. The above examples reinforce the con-
clusien of this investigagion that CMI remote training is feasible., The
above two systems though not called CMI, but rather CTS by Fort Monmouth,
and Personnel Management System (PHS) by NAS Lemoore, are indeed CMI systems.

Figure 4 presents the major components of a typical minicomputer con-
figuration for a shorebased (M1 system. The number of terminals that can
be dviven by the minicomputer depends upon the exact configuration of the
computer and the peripheral equipment of the system, In a multi-minicomput-
er configuréffg;, a large number of terminals may be driven. The optical

scanner allows the student to take tests off line and feed the results to
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the computer when economic constraints dictate fewer CRT terminals. The
modem in this configuration is to enable the terminals and optical scanner
to be remotely located from the remainder of the system. If the system and
terminals are remotely located, two modems will be required, one at the
computer site and the other at the terminal site. The front end contyoller
ensures the expeditiods transfer of data from the computer to the terminals
and vice-versa. Also included in figure 4 is the required interface
between the computer and the terminals for signal level, conversion, logic,
etc, In many cases, a single minicomputer with appropriage peripheral
equipment will satisfy the.requirements for CMI. However, for locations
that have large throughput of students, a multi-minicomputer configuration
may be required. The peripheral equipment selected for this typical system
includes a paper tape reader/punch, disk and a line printer. The hypothesis
for this system is that programming, debugging, lessonware and other items
required to produce the CMI course will have taken place earlier at another
location that has all the necessary personnel, equipment and material. The
paper tape reader/punch will be utilized to load the computer program into
" the computer and can be used to make minor changes to the program. The disk
unit is utilized for mass-storage thus freeing the computer from this re-
quirement, Estimated cost for the above typical system is delineated in
appendix Df

The above example can be reconfigured in several ways. Instead of an
alphanumeric CRT, a teletype unit and optical scanner can be used for the
student/instructor I/0. Line drivers can replace modems. The interface
can be internal or external to the computer. The computer itself can be

configured in almost any desired manner. The mass storage device can be
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magnetic tape units, cassettes, or computer core. The paper tape punch/
reader can be replaced by cassettes or a card reader/punch. A detailed
system analysis must be accomplished to specify the optimum cost effective

minicomputer system to meet the specific objectives desired in the com-

puting System,

SUBSURFACE USE. The comments for surface ship and remote CMI training apply
to minicomputers for subsurface CMI training. The space for CMI aboard sub-
marines i¢ even more restricted. HOwever, the crew quarters or meésing
area cab be utilized for student carrels. The location of the computer and
other equipment for CMI aboard submarines will require a detailed analysis
for each class submarine.
CENTRALIZED COMPUTER SYSTEM FOR COMPUTER MANAGED INSTRUCTION
The concept of one centralized computer complex for all formalized
Navy training is colossal but not impossible. This concept in the civilian
sector has produced a variety of results., The most widely known system
in the academic sector for CAl is the Programmed Logic for Automatic Teach-
ing Operation (PLATO) IV system of the University of Illinois at Urbana.
This system was started in.che late 1950's and began operation with one
terminal in June 1960. Since that time, the system has expanded greally.
The PLATO IV is controlled by a CDC 6400 computer system, a large scale
general purpose computer containing one very fast central processing unit
and 10 independent peripheral processing units (Stifle, et al,, 1972), The
central memory is augmented by an extended core storage system which pro-
vides an additional storage capacity of two million words. Additional mass
storage is provided by three disk pack drives with 32 million characters

each and one 75 million character disk. The system is designed to service
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1,024 terminals. However, transmission limitations reduce this number to
1,008 terminals, Most of the terminals are grouped into classroom sites
of up to 32 terminals each. In late 1972, 250 terminals were in operation
at approximately 40 locations (15 on the University of Illinois campus and
about 25 off campus). The PLATO IV system is in the process of being updated
and expanded. Discussions with University of Illinois officials reveal that
when the system is fully operational (all terminals on line) in December
1975, the system will have two central processor units (CDC 6500's)
and eight disk drives that will greatly increase the present capability.

A large central compuﬁer center has positive and negative aspects.
Due to lack of funds to support programming personnel and computers at all
training activities, the CNET has recently consolidated personnel for the
Naval Training Command Data Service Center (TRA NAVY, Mar 1973). One extremely
important consideration in centralization versus decentralization of a
system is the number of personnel required to run the system. There is
no do&bt that centralization tends to consolidate common job functions.
However, in a CMI environment, the programmers and/or course writers need
not be permanent staff once thc CMI courses are developed. The personncl
required in the operationai environment are technicians to operate the
~computer. Whenever revisions or updating of courses are required, the
course writers and programmers can be called upon. The reéuired hardware
for a CMI system comparable to the PLATO 1V system is estimated at $900,000
in vearly rental.

The largest life cycle cost item excluding personnel, to operate the
equipnent is the recurring cost of leasing the communication network. This

cost alone is the major shortcoming of a centralized computer complex. The
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Bell Telephone System offers a wide variety of transmission channels and
equipment that meet data communication requirements for any centralized
system. A single voice-grade channel can easily handle data rates of
1,200 baud, and wideband service offering the equivalent of up to 240

or more.voice-grﬁde channels is available in a single package. The inter-
state tariffs for leased voice-grade lines vary depending upon single or
multiple channels and geographical location. The commercial rates for
type 3002 leased lines with Class C2 channel conditioning, point to point,

full duplex are as follows:

Distance Rate Dollars/Month
niles $3.30/miles/month 82.50
Ne.. niles 2.30/miles/month - 172.50
Next 15. 1les 1.65/miles/month 247.50
Next 250 miles 1.15/miles/month 287.50
Next 500 miles and +83/miles/month 415,00
above

Thus a network of terminals connected to a 9entra11zed computer system
will have a high recurring cost, depending upon the number of terminals

and their distances from the computer, A single dedicated line from

San Diego, California to Pensacola, Florida, based upon the above quota-
tions, would cost $2,034 monthly. Dedicated lines to most or all Navy
training sites are apparently prohibitive, Alternate methods of reducing
the expense of dedicated lines have their shortcomings. I?.é>mu1tipoin;
dedicated line is used, one user does not know when the line is in use or
when it will be available. Inward Wide Area Telecommunications Service
(WATS) with Zone 6 coverage (all states within continental U.S.) is perhaps

the most economical method with a centralized computer complex. This service
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costs $1,940 per line per month. With WATS, a time-sharing system utiliz-
ing the time differential for various parts of the couantry could be
developed for optimum number of lines. However, this method is still very
costly ($230,800 per year for 10 lines) considering the life cycle costing
of the system. Continuous use of the Automatic Voice Network (AUTOVON) {is
unsatisfactory for transmission of data because of the heavy usage of its
present customers. The cost of telecommunications equipment is relatively
low, Modem and other standard peripheral equipments are available and can
either be purchasgd or leased.

The recurring cost of leased communication lines has prompted the
University of Illinois to investigate other methods of transmitting data
to remote sites. The lowest cost offered by the Bell System is 60 cents/mile/
month, using 240 channels. Stifle, Bitzer and Johnsou (1972) state that
"the communication cost for a system of the size of PLATO IV becomes pro-
hibitive, especially over long distances.,!" They propose educational tele=
vision (ETV) channels as an alternate to land line communication. The quoted
tariffs in 1972 for an ETV channel range from $30 to approximately $55/mile/
month or less depending upon the number of channels leased and distance
fnvolved. If their system had its maximum number of users (1,800), the cost
would be 5.5 cents/mile/month. This concept hypothesizes only one terminal
per user, which {s not the case. However, to demonstrate the feasibility
of the ETV transmission technique, a digital television receiver and dis-
tributor was developed. The prototype system has been field tested using
180 mile loop with the assistance of the Illinois Bell Telephone Company
and shows promising results, The University of Illinois'is presently

conducting experiments to ascertain the validity of using microwave
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transmitters/receivers in areas with a high density of PLATO IV terminals
in an attempt to further reduce cost. The rationale developed by Stifle,
Bitzer and Johnson is excellent if a large number of users share the cost.
Unfortunately, if the centralized computer concept is adopted by the Navy,
only one customer pays the bill and the recurring cost of either method of
trénsmitting data is high.

A system which supplies management with various reports concerning
the status of students can be best accomplished by a combination of a
central computer containing high level information and several small
computer systems throughout the country that perform the tasks which do
not exploit the system's capability. The cost of high data transmission
can be alleviated by using the AUTOVON network and a polling technique
during non-working hours to update both computer systems. Data can be transe
ferred between the central data bank computer and the area computers on a
daily, weekly or monthly basis, on an automatic or prearranged manual basis.,
The storing of high level student information can be an adjunct function
of the NAVTIS system. Whern NAVTIS comes on line, the data transmission
technique procured as part of this system can be used to communicate be-
tween the area computer and the large central system to supplement the
use of the AUTOVON network. Under the area concept, one CMI complex in the
San Diego area can provide training for North lsland, Miramar, Fleet
Training Center, Naval Training Center, Anti-Submarine Warfare School, etc.,
as depicted in figure 5. The physical location of the computer system would be
optimized for cost effectiveness considering distances, locations of
other ADP systems, personnel, etc. It is assumed that:ADP‘systems exist

in these areas and persounel;already on board would be supplemented where
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required. The terminals at each location will be connected to the areatls
computer via land lines., The same area concept could be employed at

San Francisco, Norfolk, New London, etc,, thus reducing the number of area
computer sites required while minimizing the recurring cost.

Curriculum, lessonware design and programming will probably be the
most expensive items of the CMI system. Two widely divergent approaches
are used today for the above task. One approach is to have the course
author prepare the entire course which inctudes curriculum design, lesson
writing, programming, debug of program and running of the program. The
other approach is to have a team of highly trained specialists who contrib=
ute their expertise toward the end product. Whatever the computer con-
figuration (large central system, small remote site, combinaticns of large
and small), it is more.economical to develop and program the courses at a
central location and send them to the using sites.

In summary, the concept of one large centralized computer center is
feasible. However, the high cost of data transmission makes this con-
cept a poor choice for a Navy CMI system. Therefore, the utilization of
minicomputers to provide CMI on an area basis and feeding the higher level
information to a large centrally located computer is recommended.

USE OF SHIPBOARD COMPUTERS FOR COMPUTER MANAGED INSTRUCTION

The use of shipbnard tactical and weapon system computers for training
has long beén the desire of the Ngvy trgining community. However,>numerous
technical problems, logistical problems, and priorities, placed upon the
use of the shipboard computer by higher authorities, have allowed only a
small amount of training capability via computer systems to be realized

aboard ship. The Naval Tactical Dgta System (NTDS) ships have a simulation
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capability which permits simulation of the operational environment for the
purpose of Combat Information Center (CIC) team training. This training

is restricted to the operators of the system of concern, viz., NIDS operators,
but the concept is extremely important. These computer systems have not

yet been utilized as host computers for training a wide variety of know-
ledges and skills. Unfortunately, current weapon system computers are not
configured for training personnel other than their own operators.

UNIVAC Corporation (1969), Federal Systems Division, completed a study
for the Navy to determine the feasibility of using computers and their
related hardware presently installed on board ships for instructional,
training management, and administrative purposes. Specifically, this study
was performed to determine:

. The applicablility of existing shipboard computer
instructional or training management functions,

« The modifications that would be necessary in
computer hardware and/or software to make present
and future installations capable of supporting
shipboard training programs,

. The operational and technical characteristicé of
planned future shipboard computer installations
which woulq permit ancillary use of these systems
for instructional and training adminstration purposes.

Although the objective of the UNIVAC study was to ascertain the feasi-
bility of using on board computers for CAI, the findings are equally or

perhaps more applicable to CMI, since most of the learning would take place
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off line. The results of the UNIVAC study are contained in three volumes.
Volume ! of the study presents the findings of the data gathering phase
and includes a survey of existing shipboard computer systems. Volume 2
provides an engineering plan for a system analysis approach to a computer-
based training management program. It also provides an analysis of the
problems associated with automatic record keeping and management of ship-
board training programs. Volume 3 identifies and discusses operational
and technical considerations for future Navy shipboard CAI systems, In-
cluded in Volume 3 is a section on trends in computer hardware, software,
and system configuration and their possible impact on shipbbard training.
The UNIVAC report presents a list (grouped by NTDS, Junior Participating
Data Syétem (JPDS), etc.) of significant computer-based systems that were
aboard ships at the time of the study, Appendix E of thié study
updates the UNIVAC listing. The following is a composite list of the
significant computer systems aboard ships as of 30 May 1973, based upon
the summary activity report of the Naval Command Systems Support Activity

{ NAVCOSSACT) and various other documents:

»  AN/UYX-7 - 4 Ships

»  AN/UYK-5(V) -54 Ships

. AN/USQ-1 - 3 Ships

. AN/USQ-20 -60 Ships

. UNIVAC 1004 - 4 Ships

. AN/SSQ-59) - 1 Ship
AN/ SQQ-64)

The AN/USQ-20 computer is predominately used for NIDS, while the

AN/UYK-5 computer 1s predominately utilized for management, maintenance and
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material (3M) information systems and for the supply and accounts

system.  Construction of DD 963, LHA, and DLGN 38 class ships will, by 1980,
add an additional 24 ships to the fleet equipped with tactical computer
systems. These ships, as well as the SSN 688 class submarines, will utilize
the AN/UYK-7 computer. Other programs are under way to retrofit other ships
with computer systems.

The application of computer systems for shipboard training is hampered
by the procedurgs that have been established to ensure best management of
each system. Additionally, current equipment configurations, space allo-
cation, incompatibility of systems, and personal attitudes toward training
and training procedures pose significant constraints upon implementation
of a CMI system aboard ship. Since current operational computer equipments
are not designed for CMI, their capability for CMI is very questionable,

For example, a cursory analysis of the AN/UYA-4 data display console of

the NTDS might lead one to believe that this console is suitable for CMI
1/0. However, the AN/UYA-4 alpﬁanumeric cathode tube has a high persistence
phosphorous coating that decays slowly after the electron beam used for
painting of characters is removed. Several AN/UYA-4 consoles we.e observed
during this study to ascertain the distraction that would be encountered

if the console was used for an 1/0 console. A number of runs were made

on each console by writing a full screen and rewriting over the line and/or
character that had just been removed. The decay feature is distracting,
and one would not use these consoles unless nothing else was available,
Other operational equipment likewise have shortcomings and Qould not be

used.
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The fundamental units that compose a CMI system are shown in figure 6,
A comparison of this figure and available on board equipment reveals that
there are three basic units plus lessonware that must be added to each
ship to incorporate CMI. The units needed are 1/0 consoles (either al-
phanumeric or keyboards), interface between the 1/0 and the computer, and
a mass storage unit, Although mass storage units exist aboard most ships
they do not have the reserve storage that will be required if CMI is
implemented. Implementation of the concept of utilizing operational com-
puters for CMI will require additonal peripheral equipment, program changes,
changes to documentation, instructiOns, regulations, etc. The number and
magnitude of changes that must be made to the operational equipment and
computers to incorporafe CMI is economically questioned. Technically the
concept is feasible. However, the cost to retrofit operational equipment
and the amount of time that could be allocated for operational equipment
to be utilized for CMI without interfering with operational commitments
will make the cost per student hour of training high and is not recommended.
OVERVIEW OF INSTRUCTIONAL TERMINALS

The computer utilized for CMI is of little value without an adequate
1/0 device for instructors and students to communicate with the computer.
With the proper 1/0 device the computer system can diagnose, evaluate,
prescribe and record training information. Unless CAI is included as an
instructional media, the actual learning does not occur at the computer
terminalj all or most of it is therefore conducted off line via various
instructional media, The 1/0 device may direct the student to the instruc-
tional material. There are two basic methods by which a student is directed:

batched processing and terminal oriented. 1In the batch processing system,
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students are directed to learning materials based on progress information
supplied by the computer to their instructor. Testing is performed in a
conventional paper and pencil manner. Test answer sheets are read by
optical scanners and the responses are transferred to the computer for
analysis and reporting. Reports are presented to the instructor/student
for evaluation. This method, which is employed by several groups including
NTTC, Memphis, has its pros and cons. Positive features for this mode
are cost effectiveness, the computer need not be continually on line for
CMI, less storage is needed and fewer ﬁerminals are required. Negative
features are length of time from submission of card until the instructor re-
ceives report (as high as 1-2 days [Brown, Hannum, and Dick, 1971]).
Further, diagnostic evaluation and learning prescriptions do not take place
in real time. However, the long turn around time experienced by Brown,
Hannum and Dick can be reduced to minutes as will be the case in the AIS
system. Terminal-oriented systems are used for real time applications and
should be used where on-line testing is desirable or where enough media
alternates are on line to require terminals,

Review of current literature (Brown, Hannum and Dick, 1971; Anastasio
and Morgan, 1972) and discussions with rcpresentatives of industry, ed-
ucators and Department of Defense (DOD) personnel indicate that the terminal=
oriented systems are preferred to the batch processing system., Terminal-
oriented systems are divided into two categorfes: CRT's and teletypes
(TTY's). A basic CRT terminal includes a keyboard for data input and a
display for output. Aside from the CRT itself, the primary components of
the CRT terminal are a memory, a character generator, and a communications

interface. The memory of a CRT is usually large enough to store one 'page"

36



TAEG REPORT NO. 14
or full screen of data. The character generator accepts coded characters
from the computer and keyboard and converts them to a number of dots or
strokes so that the form of the character can be "printed" on the display.
The most common character generator can produce 64 characters consisting of
upper-case alphabetics, numbers and a few special symbols, Extended
character generators can produce up to 96 chgracters which can include any
combination of special characters. The communication interface enables
communications between the terminal and the computer. The CRT terminals
offer a wide variety of useful features and capabilities. No one terminal
has them all and some stripped-down economy ones offer very few of them, A
survey of the CRT industry made 8s a subset of this study reveals that 98
companies in the U.S, produce CRT's. The prices start at approximately
$2,000. A typical unit to be utilized for CMI would cost approximately
$4,500 (based on January 1973 prices). Many commercially available CRT's
provide adequate 1/0 for CMI. The major disadvantage of the CRT for CMI
is that no hard copy is provided, However, this capability can be added if
necessary,

Teletype as an 1/0 device is a misnomer since it is a trade name f&r a
company. However, the name has been used so frequently and widely that the
data processing vocabulary has adopted the word "teletype.'" A TTY looks
and operates much like a typewriter and numerous features, e.g., RD
(printer only), KSR (keyboard/printer), ASR (keyboard/printer/paper tape
panel), magnetic tape, tape reader, etc., can be procured. The TTY has
a standard 4-row typewriter-like keyboard for transmitting data to a computer,

ard, depending upon the model and type, any of the 128 characters including upper
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and lower case alphabetics, numerics, special symbols and control codes

can be purchased. The majority of printers of typical TTY's have a print-
ing range of 10-20 characters per second, Price range for a typical
TTY-KSR varies from $1,000 to $6,800. The major disadvantage of TTY's for
CMI is noise, and some experience relatively short MIBF. In 1970 the noise
‘problem was overcome by at least one manufacturer, and others are pursuing
the problem at the present.

Brown, Hannum and Dick (1971) exami;ed the effect of two different
terminal devices (CRT and TTY) on both performance and time required to
complete a graduate course offered via interactive CMI, Primary indices
of student performance were: (a) student scores on a criterion-referenced
test of the major objectives involved in the course, (b) instructor rating
of student progress, and (c) time spent at the CMI terminal. Subjects were
randomly assigneu to either CRT or TTY terminals. The study states, "Both
groups performed equally well on the test over the concepts involved in the
course. The CRT group had superior scores on the course project and spent
less time actually working at a terminal."

In addition to the primary indices, several others were used in the
course of the investigation. The more important ones were performance
error rate on the terminal, the number of objectives in which criterion
performance was not initially reached, and computer cost per student. There
were no significant differences between the two groups for test errors
and tasks on which criterion performance was not reached on first attempt,
However, the computer cost per student was $14.48 for the CRT group versus

$19.58 for the TTY group, a substantial differential,
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Although the authors do not unequivocally state a preference for one
terminal over the other, certain points are worth noting. The CMI courses
that are project oriented have superior results in student scores and
require less time. Since less time is required, computer cost is reduced,
more students could finish a course in less time and with fewer CRT's than
could be accomplished by using TTY's. Educators believe students prefer
CRT's, It is recommended that CRT's be utilized as the terminal 1/0
device for hMavy CMI courses whenever throughput of students makes it
economically feasible.

OVERVIEW OF COMPUTER ASSISTED INSTRUCTION COMPUTER LANGUAGES USED BY
THE NAVY

Computer programming languages for CAIL are discussed in this report
because CAI is a subset of CMI and because of the similarity of CMI and CAIL
with respect to on-line testing, diagnostics, prescription and record
keeping. Computer programming languages for CAI traditionally have been
divided into four basic categories, Various authors use different names
for each type. Z2Zinn (1969) classified the languages according to a mixture
of author and student point of view: (a) presentation of successive frames
or items, (b) conversation within a limited context, (c) presentation of a
curriculum file by standard procedure, and (d) data analysis and revision
of material., Walker (1970) used four categories: (a) general purpose
languages, (b) extended existing problem languages, (c) interactive terminal
problem languages, and (d) author-student problem-oriented languages. Frye .
(1968) classified languages from an operational point of view as follows:

(a) conventional compiler languages, (b) adapted conventional compiler,
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(c) interactive computing and display, and (d) author languages. Each of

the above authors! subgroupings depicted the computer language according to
their particular definition, However, an analysis of the languages contained
within each category strongly suggests that regardless of the category titles
used, each author used the same basic premises for language grouping. This
points out the difficulties encountered in comparative studies of pro-
gramming languages.

There are more than 65 different computer languages used for CAI, Each
of these was designed to make it easy for the instructor/writer to program
curricula. This caused a proliferation of languages by computer manufacturers
and software houses. A general-purpose programming ianguage that would
incorporate all the features desired in a CAI system has been the dream of
several authors. However, other authors, e.g., Anastasio and Morgan (1972)
state that the emphasis placed on the development of '"bettexr" author
languages is decreasing. The team approach, using subject matter specialists
and experienced programmers, is favored over a better language because it
gives the course designer much more flexibility with instructional strategy
and techniques. A study conducted by Anastasio éhd Morgan (1972) reveals
that educators and hardware/software specialists consider a new and more
appropriate CAI programming language relatively unimportant.

A fundamental problem of CAI and CMI is the choice of computer language.
A standarized computer language for CMI is needed. The Navy cannot afford
round after round of development of computer languages. Kopstein and Seidel
(1967) estimated that the development of one generation of CAI language re-

quired an effort of 20 man-years. Based upon current rates, the cost of
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developing a CMI language would exceed $800,000, ‘Sufficient languages are
now available for (MI. What is needed are performance and capability
standards for these languages. The Programming Language Summary Listing

IL-1 (NAVCOSSACT, 1972) reveals that 23 separate languages are used through-
out the Navy. These languages are listed below with the number of activities

that use them for either their primary or secondary language.

PRIMARY SECONDARY
ALGOL © 3 3
COBOL 150 85
FORTRAN 155 147
NELIAC 21 22
JOVIAL 5 1
PL/1 1 5
APL 2 0
BASIC 12 10
CONVER- FORTRAN 0 2
INTERACT LANG 1 4
cs-1 - 74 15
CMS-2 11 24
APT 0 1
SPECIAL PURPOSE LANG 27 20
REALCOM 0 2
NTPS 3 0
RPG 26 8
STND ASSEMBLER 300 101
SPEC ASSEMBLER 18 7
ASSEMBLER ON SGD 78 21
WRD- PLGBD- PROG 36 0
MACHINE CODE 48 39
PROG TRAINING 17 3

A survey of several activities involved with CMI was made in the data

gathering phase of this study. The following is a list of languages in use:

LOCATION LANGUAGE
VF 124, NAS Miramar, CA COBOL (80 percent) and
AFLD (20 psgrcent)
VA 122, NAS Lemoore, CA BASIC K
NTIC, NAS Memphis, TN COBOL ..
NYIT, Old Westbury, NY BASIC v
USAF, Denver, CO CAMIL
U.S. Army, Fort Monmouth, NJ Class 1
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Numerous languages will not run on a computer unless a compiler is
part of the system. An example of two programs essentially performing the
same function but using different languages without deriving the benefits
of the other are the VA-122 and VF-124 squadrons. Each of these organi-
zations seeks the same management results in scheduling and data collection,
yet, for various reasons, e.g. available computers and time, each has gone its
separate way writing expensive programs that are of no use to the other,
Fighter Squadron 124 and its contractor did take advantage of existing
progre.is developed by the Air Force thus saving at least 20 percent of the
cost,

It is recommended that a committee be established to analyze the
available language; and to determine standards for Navy use. An analysis
of the major computer manufacturers reveals all have COBOL and FORTRAN
compilers and at least 90 percent of them have BASIC compilers, 1t {is
suggested that a desk be established to ensure that the chosen languages
are used throughout the Navy.

RATIONALE AND CRITERIA FOR COMPUTER MANAGED INSTRUCTION COURSE SELECTION

The 13 Navy Formal Schools catalogs (A-N) list over 4,000 formal
courses that are conducted by the Navy in the continental U,S. and Hawaii.
The length of these courses varies from four hours (Night Vision Equipment
Familiarization) to 52 weeks (Advanced ASW System Technology); the convening
dates vary from once each week to once per yearj and the number of students
attending varies from 10 to over 7,000. Realizing that it is neithey desired
nor economically feasible to convert all courses to CMI, a set of criteria

was developed to select course candidates for CMI as follows:
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a. Student throughput

b, Size of class

c. Frequency of course

d. Lengthof course

e. Subject matter

f. Mental group of students (category 1, 11, II1 or IV)

g. Stability of training material

h., Scheduling of subsequent courses

i. Number of courses at a school/location

j. Previous knowledge/training of student

k. Level of training - basic, advanced or refresher

Each of the above criteria was analyzed to ascertain if the item
should be considered as a selection criterion for potential CMI courses.

The throughput of students is extremely important in considering cost
of student per hour per day. One of the major benefits of CMI is the
management of large numbers of students in a more efficient manner. The
smaller the throughput, the less efficient is CMI.

Size of class rclates to throughput but can be considered as an
independent variable. Size of class affects queuing of students to equip-
ment and the number of instructors that must be available for monitoring
and assistance. Size of class is important for "fine tuning" of a CMI course
but is not considered essential.

Frequency of a course contributes to the overall throughput but

functions independently. The length of a course is important for several

aspects. Tiac CMI systems presently being procured at Fort Monmouth and Lowry

are expected to produce a 25 percent reduction in training time; other
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predictions for reduction in traininé time range from 33 to 50 percent,
Using a conservative estimate of 33 percent reduction, a three week course
can be reduced to two weeks. If travel from duty station to course location
is involved, a student can travel on weekends without a break in the work
week. A review of the Naval Technical Training Command Basic Level Tfaining
bPata reveals that fewer than 10 percent of the courses conducted by the
Navy are less than three weeks in length. Thus, for this study, courses of
less than three weeks were not considered.

In considering CMI for a course, the subject matter plays a minor
role. It is true that certain courses are more readily adaptable to CMI
than others, i.e., basic electronics has been chosen by the Army, Navy,

Air Force and the Marine Corps as the prototype course for CAI and now is
being used for CMI. However, Ford and Chesler (1973) have chosen Damage
Control as the prototype course for CMI, utilizing a minicomputer system
aboard the USS DAHLGREN. Although some subjects are easier to place in
CMI format, it is safe to say that if a course is given by a conventional
lecture, it can be converted to CMI. Thus subject matter 15 not an
initial item of concern.

The mental group of students definitely is a factor in any class., For
the purpose of this analysis it was hypothesized that all courses would have
a range of mental groups and that different media would be available and
selected on an individual basis for each student. This means all courses
would require management (direction) of students through the course.
Irrespective of mental grouping, CMI can be used for scheduling, data keep-
ing and prediction of course completion. Thus mental group was not considered

as an essential criterion for selection of courses for CMI.
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The stability of the training material is important to a CMI system,
If course content changes frequently or substantially, the course becomes
obsociete in a short time and should not be considered for CMI. All courses
change, yet the courses that are taught in the Navy schools are reasonably
stable (content change is less than 10-12 percent per year). It woulé
seem, therfore, that all courses in the Navy Formal Schools Catalogs are CMI
candidates,

Some students attend two or more courses in sequence to obtain a set
of related skills. 1In the lock-step method everyone graduates at the same
time. 1In the individualized self-paced modes of Programmed Instruction
(P1), CAl and CMI, an individual is sometimes penalized for completing a
course early. Since orders are not flexible or ready, the student in many
cases is forced to do odd jobs (clean-up detail, etc) while awalting orders.
The CM1 system must encompass scheduling and assignments so that such nega-
tive reinforcement is minimized. Scheduling of subsequent courses is
important if the system is being implemented but is not important to this
study.

The number of courses at a school or particular geographic location
is important in considering the optimal hardware configuration. Courses
that would not be economically feasible for CMI by themselves may be feasible
as a group of courses. A grouping of courses by geographical location is
presented in appendix G of this report. Since the majority of the courses
offered by the Navy are offered in less than 10 locations, consideration
for number of courses can be eliminated as an initial criterion.

Prior knowledge or training can impede or accelerate the completion
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of a course. With self-paced individualized techniques of CMI, both the
student and the Navy will benefit. Utilizing pretest and branching procedures,
it is anticipated that only a small percentage of students will proceed
directly from pretest to final testing. Students lacking previous knowl-
edpe or training on course material will not be penalized by CMI but will
proceed at their own pace. It is believed, therefore, that prior knowledge
or tralning is not an important criterionfor converting a course to CMI,
Level of training was considered from three aspects: basic, advanced
and refresher. To date, CMI has been associated primarily with basic train-
ing. However, the scheduling, data collection and retention characteristics
of CMI are now being utilized for advanced and refresher training. Thus it
would seem that level of training is not a critical criterion for CMI con~
version.
All factors in the foregoing paragraphs are important when deciding
. if a course should be converted to CMI. The miaimum essential criteria
for converting a course to CMI in the opinion of the writers are student
throughput, frequency of course, and length of course. Limits established
for these criteria were throughput 2> 200 students per year, frequency of
coursc convening > 12 times per year, and course length > three weeks.,
A sample survey of 100 Navy courses indicates an average class size of
16.6 students per class. An analysis of over 1,000 courses reveals that
more than 92 percent of the courses convene 12 times or more each year.
Thus class size (16.6) multiplied by 12 starts per year equals a throughput
of approximately 200 students per year. As stated previously less than 10
percent of Navy courses are less than three weeks in length. Therefore, for
this study courses greater than or equal to three weeks in leﬁgth were

chosen as a base line.
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Appendix F lists those courses from the Navy Formal Schools
Catalogs that have a throughput greater than 1,000 but less than 2,000
and greater than 2,000 and meet the other minimu.m criteria. As can be
scen from this list, only 18 courses have a throughput greater than 2,000
students per year. Based upon cost per student hour, these courses offer
the greatest potential savings. The section of appendix F that lists
throughput 2> 2,000 identifies three of the seven courses that the
NTIC bas selected for ceonversion to CMI during FY's 74, 75 and 76.

The other four NTTC courses are in the category of 200-1000
throughput,

A review of the descriptions in the Navy Formal Schools Catalogs for
courses with a throughput greater than 2,000 was made. The two Basic
Electricity and Electronics courses are self-paced but could benefit from
CMI for record keeping, scheduling, and testing. Three courses, Avionics
Technician, Aviation Machinists Mate, and Aviation Structural Mechanic, are
scheduled for conversion to CMIL by NTTC. Based upon the minimum essential
criterig the Boiler Technician Class A, Machinists Mate Class A, Nuclear
Power, and Basic Enlisted Submarine Courses offer the greatest potential
for pilot CMI conversion.

A similar review was made of courses with a throughput of 1,000 to
2,000 students. The Aviation Structural Mechanic (H) course has been
selected by NTTC for conversion to CMI in FY 75. The Damage Control Courses
at Treasure Island and Philadelphia will benefit from the CMI work to be
conducted on the USS DAHLGREN. It should be very easy to convert from a
shipboard General Damage Control CMI course to a shorebased course. The

remaining courses that seem appropriate for CMI conversion are Electronics
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Technician Al and A2, Fire Control Technician, Interior Communications
Electrician, Electricians Mate, and Enlisted Submarine Indoctrination,

The Electronics Technician and Electricians Mate courses are excellent pilot
program CMI candidates since their. combined location throughput is high

and the material developed can be used at two sites,

COST OF COMPUTER MANAGED INSTRUCTION

The cost estimating for a CMI system encompasses five areas: (a)

purchase or rental of the computer hardware and peripherals, (b) main-
tenance and spare parts, {(c) software (all CMI-related computer programming),
(d) curriculum design, and (e) administrative overhead cost, The cost per
. student hour for a CMI courée is the summation of the above costs divided-by-
the number of students enrolled in the course, An outstanding feature of CMI
is that once the course has been developed, the recurring costs are main-
tenance, spare parts, updating lessonware, and the administrative cost of
keeping the system on line plus periodic update of the programs.

| The analysis of hardware cost is complex. What hardware costs should
be considered? Should the analysis include only those equipments on the
market today, the near future or the distant future? The state of the art

is advancing so rapidly that it is difficult to predict what will be avail-
able two years hence. In the past few years, medium and large scale
integrated (MSI and LSI) circuits have completely revolutionized the com-
puter industry. Even as this study was being conducted microcomputers

were handling tasks formerly conducted by larger maclines. Tﬁe cycle time
and data grabbing power of the IBM 360/30 will be duplicated by the end of
1973 by a microcomputer that is smaller than a sugar cube, and has the

market capability by 1975 to be available for $100 (Wiener, 1973).
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Forecasts indicate that by the end of 1973, 100,000 minicomputers will be
in use. 1n 1973 alone over 45,000 were shipped to customers (National
Elcctronics Conference, Sep 1973). Thus to predict the cost and state of
the art of future systems is beyond the scope of this study.

Utilizing machines available today, CMI hardware costs can be divided
into three major categories: data storage, central processing unit (CPU)
and communications equipment. The data storage hardware includes disks,
drums, tapes and other means for storing information. The CPU and its
execﬁtive program receives and transmits new information to storage or a
terminal. Communications equipment is that equipment required for the
student or operator personncl to communicate with the computer. 1If data
are transmitted at appreciable distances, a data transmission fee should be
included in hardware cost, The cost of data transmission was presented
previously on page 26 of this section. The cost of a representative mini-
computer configuration and a large system configuration is presented in
appendix D,  These costs are only for the equipment described. It should
be noled that the price includes c¢nly cne alphawuwwecic terminal and that
the system is a minimum configuration. The costs of the equipment in this
price list are typical and the published rates do not include Original
Fquipment Manufacture (OEM) or other discounts that may be available. The
prices that other manufacturers offer may be higher or lower,

The maintcnance and spare parts costs of different systems are extremely
varied,  Some manufacturers include maintenance courses for procuring aztivity,
on-call field engineering services and initial spare parts as part of the
system cost.  Other nanufacturers price out each task or item as an end

product.
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The cost of computer programming may be considered from_two points

of view. First, if an existing computer language is used, a revision or

_ )
expansion of the high level language chosen may be required. If an existing
language is not used, the cost of developing a new language will be approxi-
mately $800,000 as discussed previously on page 41 of this report. Second
is the type of computer programming cost associated with the cost of actual
course programming. The estimated cost of computer programming can be
based upon the number of computer instructions required for a task. An
accepted rule of thumb is one instruction per hour when writing an executive
program. Programs involving use of data or tables are faster to complete,
and a rate of 4-10 instructions per hour is considered normal. This esti-
mate includes all related functions from the initial effort through debug
and running of the program plus required documentation. The cost per hour
for ccmmercial programming is estimated to be $21 per hour. This cost
rcpresents a base salary of $8.25 per hour, an overhead rate of 100 percent,
general and adminictrative cosis oi 15 percent, and a profit of 10 percent.
Another method of cost estimating is that used at Fort Monmouth based upon
their experience with their CAL system. Using the individualized approach,
they estimate it takes 250 hours of development for each hour of CRT in-
struction. The initial 250 hours decreases to approximately 150 hours per
instruction hour after the course designer becomes proficient.

The administrative cost can be considered to be that cost associated
with the management of formulating an entire CMI course or the cost of
incorporating only administrative data into the CMI system. The adminis-
trative cost of an entire CMI system can be extremely costly for a large

system. However the cost of inserting administrative data requirements
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is small when compared to the overall cost of a CMI system. As with all
costs associated with a CMI system, administrative cost has a linear
relationship to the length and complexity of the course(s).
COURSE DENSITY

An analysis of the number of courses offerved at various military bases
is presented in appendix G. Areas in close proximity were grouped (e.g.
Miramar and North Island under San Diego and Oceana and Little Creek under
Norfolk) for several reasons: some NEC's require completion of a sequence
of courses; several courses can time share one computer; lowest recurring
cost for data transmissionj and flexibility for user to make minor course
content changes. ‘jhe areas having the greatest concehtration of courses are
San Diego, Norfolk, New London, and San Francisco. These locations all
have a wide range of schools (A, B, and C) and are excellent candidales
for a pilot program. Several coursés conducted for the Navy by other ser-
vices are included in the overall list. The total number of courses listed
in appendix G is 3,225. The disparity between this number and the 4,000
plus courses offered by the Navy is due to the time constraint of this
study, during which all course locations could not be determined.
COURSE PREPARATION: CONTRACTOR OR LOCAL EFFORT

The AIS to be installed at Lowry AFB;‘Colorado (appendix C), is now
under contract and is possibly the most extensive and costly computerized
training effort in iihe world., The contractor (HcDonnelliDouglas) will
develop a complete training package. The Marine Corps has awarded a con-
tract to Philco-Ford to develop complete training packages for 30 courses
al  Twentvnine Palms. It is estimated that at least 87 percent of this

ceffort will be conventional classroom lecture/demonstration, The remainder
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of the courses may include CAI but not CMI. The cost of a complete CMI
package as compared to the cost of conventional instruction is apparent
in these two contracts. The Air Force's CMI venture will cost approximately
$9.5 million for three courses. The Marine Corps' venture will cost approxi-
mately $3.5 million for their 30 courses. Contractor curriculum development
efforts for CAL, Conventional Instruction (CI), and CMI have not always
met with great success, At NAS Miramar, the courses originally prepared
by a contractor had to be scrapped and rewritten by Navy personnel using a
new task analysis, At Fort Monmouth, after the initial start by the con-
tractor, the CAL courses were prepared by military subject matter experts,
The six-week CA1 Radio Fundamentals Course at Twentynine Palms is being
prepared by military personnel after attending a two-week programming
course given by a contractor. The contractor is retained as a service
technician for the computer programming. It will be of interest to compare
the Marine Corps training improvement plan effort with the Air Force AIS
effort, upon completion of both programs, for training and cost effective-
ness.
COMPUTERIZATION OF PROGRAMMED INSTRUCTION

1f a course is already self-paced, non-computerized P1, computeri-=-
zation of the course. may not be worth the additional expense. The U,S, Naval

Academy'’s (1972) Final Report on the Naval Academy's CAl Research Proiject

states, "The use of a dedicated computer system similar to the IBM 1500 for
noncomgftational techniques (e.g.. tutorial, drill, testing) is extremely
cxpensive and with the present state of the art of CAL, it is evident that
there are many alternative ways of providing the same teaching effectiveness

at a lower operational cost, such as special PI (Programmed Instruction)

texts."
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This report recommends that if CAI {s used, "the system must be capable
not only of providing instrvuction, but of managing data on student per-
formance."

It has been estimated that the Basic Electricity and Electronics
Course at San Diego required 14 man~years to convert from traditional
instruction (TI) to PI (now called instructor managed instruction (IMI))
and involves no computerization., Since this course is self-paced and is
shorter, additional costs for converting to CMI may not be warranted. A very
careful cost analysis should precede conversion of a PI course to CMI.

It may or may not be pedagogically advantageous to convert from
PI to CAI but conversion from PI to CMI for diagnostics, testing, prescrip-
tives and record keeping is both pedagogicallyand economically advanta-
geous. A further look at the self-paced Basic Electricity and Electronics
School, San Diego, indicates that course length is reduced by an average
of one-third and an instructor can monitor five students per week versus
approximately three and one-half for conventiongl instruction. Earlier
praduation saves money and hastens the student's arrival to his fleet job.

A cost study at the IBM Training Cencer, Lexington, Kentucky, (Wong
1973), could not justify the cost of computerization of a machine main-
tenance course that was orginally a traditional course. The course was
sclf-paced due to anticipated growth in cquipment and its accompanying
increase in maintenance personnel, Previously, the course was centralized
a1t Lexington, but the staff would have been too blg under TI to central-
iz¢c the expansion so a PI package was developed for use at Lexington as
well as being sent to the field to save on student travel and admini-

stration. FEven if Pl costs as much as the traditional course, the money
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was considered by IBM to be well spent since the PI is measurable, avail~
able in the field, and modular for easy revision. The original course was
shortened 10 to 20 percent by Pl and although the number of instructors
remained the same,>they required less training in teaching skills and acted
more as monitors for the students. The monitors require no formal instruc-
tor training in the traditional sense, but are taught necessary monitoring
skills by a PI package developed for that puvpose. The PI course at IBM is
an excellent example of a systems engineered, non-computerized course, using
excellent textbooks, carefully illustrated, synchronized with audio and
routinely updated.

The lesson suggested by this IBM PI course was reinforced at other
activities: 1f a course has already effectively been put under PI, further
cost savings may not always be gained by converting to CAIL or CMI, For a

profit motivated activity this is a key factor; for a military activity
other factors may have more weight than profit. |
COURSE MATERIAL THAT CAN BE TAUGHT éY COMPUTER MANAGED INSTRUCTION

The trend in the military for both CMI and CAI has been to begin with basic
programs that are comparatively less complex and have a large throughput,
e.g.yBasic Electronics at Fort Monmouth (CAI1), Aviation Fundamentals at
NATTC, Memphis (CML), and Basic Radio at Twentynine Palms (CAL). This
appears to be a logical way for administrators to break into something
new and difficult. Once prototype courses are proven, expansion moves to
broader subject areas, e.g., all 30 courses at Twentynine Palms (modified)
CM[); Damage Control aboard the USS DAHLGREN (CMI); Precision Measuring
Equipment at Lowry AFB (CMI); Space and Shuttle Technology at NASA (CMI).

Academic institutions have computerized both simple and complex knowledge
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and skills areas. The amount of money available to start the program, the
administrators who make the course selection, the salesmanship of con-
tractors, and the division of effort between contractor and local personnel
all have an effect on the course matter selected.

EFFECT OF SELF PACING ON STUDENT PROGRESSION

All so~called military CMI programs have the potential for student
sell pacing, but few have actually accomplished it to the extent that a
student can truly progress, move rapidly on to the next course or unit
instruction, and eventually progress to his job assignment. For a
sludent to complete a course ahead of his fellow students and then be
rewarded by assignment to kitchen police or other details, is not an
incentive. This undesirable situation may be unavoidable during development
of a CMl program, unless all successive units of instructicn and follow-on
“courses are implemented en masse, which isn't likely. For example, Twenty-
ninc Palms is computerizing the last week of the six week (CAI) course first so
that the fast student can progress to later instruction without waiting}
hut the fast student still has to wait for the slow ones during the early
waeks,

The administrative problems in ;he Navy of aliowing students to pace
themselves and to leave the activity at individual times are tremendous and
could only be handled by a complete revamping of all scheduling, courses,
records, exams, and assignments plus the preparation of the computer programs.
Even then, the F-14 progrdm at NAS Miramar, where extensive computerized
record keeping and scheduling is the goal, has made no effort as yet to self-

pace instruction. Since it is not self paced and prescriptive, it is not -
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truly CMI. Diagnostic tests at a NAS Miramar computer course identify a
student with poor digital subject matter fundamentals and allow him to
select a special self=study carrel on the side. This does not delay his
regular course nor shorten its length and is not truly self pzced or CMI.

The Damage Control CMI Course to be developed for the USS DAHLGREN is
self paced and will average about 25 hours of off=line instruction,

Self-paced learning is advantageous to the Navy in that average course

length is shortened, the number of failures is reduced, fewer instructors
are needed, and the maximum pipeline to the Fleet is shortened. Each of these
reductions cuts costs. To the students, self pacing means a greater peisonal
satisfaction with the training process and fewer failures.
DESIGN FOR MEDIA, BRANCHING AND QUEUING IN COMPUTER MANAGED INSTRUCTION

In CMI, the prescription of learning media can become complicated if the
media are not available in sufficient quantities. The number of media units
nceded is determined by many factors such as class size, branching technique,
intelligence level of students, and attrition rate. Some work is being done
in media selection. Wildberger's (undated) approach predicts probability of
media availability using the variables of class size, mental level, alter-
nate media, and past performance. Wildberger's work involves a computer
simulation of self-paced instruction in parallel with a real-life course as
a management tool used to generate feasibility schedules, bounds of oper-
ability, estimated module completion times, and student throughputs, The
simulation aids in the future planning and design of individualized instruc-
tion courses.
LPFECT OF COMPUTERIZED INSTRUCTION ON ATTRITION AND ACHIEVEMENT

No evidence was obtained specifically concerning the effect of CMI on
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attrition. But, if CAI is any indication, one Fort Monmouth study (Longo,1972)
indicates that in a CAI course there was no significant difference in the
attrition rate of students when compared to a traditional class, However,
the CAl failures were identified earlier and those that were salvageable
could presumably start the retraining process earlier, The implication is
that a given student who might have failed the traditional course due to
lack of early detection, can now be more often saved by retraining. The
assumption is that early detection is an aid in salvaging failures. Intui-
tively, it is possible that failures are identified early due (in part) to
the poor students being affected or frightened by the computer gadgetry, but
more likely show up due to the close monitoring by the instructor of students
in trouble, a feature of the system,

There is also evidence (Longo, 1972) that in CAI, student achievement
is not better, it is just achieved more readily than with Tl. This is
possibly true for CMI also and conversely this means greater achievement
in the same training time.

The NATTC, Memphis, CMI courses (AFAM/AMFU) yield a computer run-off
of students in trouble and also allow early detection of failures with the
potential of starting retratning sooner.
CRADING COMPUTER MANAGED INSTRUCTION i

Problems of grading are inherent in self-paced instruction. How is rank
(class standing) determined when some students achieve a high score on the
{irst test and some require three retests, plus special instructor assistance,
and more time to achieve the same high score? 1If a student's grade 1is a
[aclor in determining his next assignment, then the time it took to complete
the course should be a factor in final grading., Otherwise, what is the re-

ward for the bright student who finished first?
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The student who has been exposed to the subject matter prior to the
course, may be more proficient than the student who is exposed for the first
time, and will complete the course more rapidly. 1In this case, if a pre-
test does not identify the informed scudent, he competes unfairly against
the others. Pretesting should always be included in a CMI design.

A common gréding method in academic institutions using CMI/CAI or
PT is to grade A, B, or fail. The instructor identifies the failing or B
student early in the course and devotes more attention to him. By compari-
son with the old TI course, a student who might have been satisfied with
a C or a D grade is now picked up by his CMI/PI instructor early enough to
be helped to a B,

An elaborate system of computerizing examinations is in operation at
Peppe dine University, California (Dudley, 1973)., It maintains records of
the number of times a student takes a test or asks for help, and it accumu-
tates data for item analyses. In the Ohio State University CMI Model
(Ohio State University, undated), grades would not be assigned at all if
the administrative requirements of the institution could be disregarded.
This model allows a student to pick his own grade; that is, he may settle for
a C or work for a B or A, For example, if he correctly answers the C level
test items or the B level test items, he is given the appropriate grade.

The final recorded transcript shows only grades, not how many hours of in-
struction were required. Several institutions: have experimented with the
non-grade course, and the Navy cert;inly has subject matter arcas where
pass/fail only is required. Memphis does not show class standing of graduates

in the (MI effort, but they are graded for the permanent record.
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‘THE NEW (CMI1) INSTRUCTOR

Most instructors in military CMI/CAI programs arec graduates of various
instructor training schools. 1Is rormal instructor training as we now know
it necessary for a CMI instructor? Probably not. The instructor trainiﬁg
school, which emphasizes platform instruction, may eliminate men excellently
suited for CMI teaching. Everyone remembers the Navy instructor who "really
knew the subject'" but '"couldn't teach it." These persons may be excellent
for monitoring (managing, administering) self-paced instruction. Only a
relatively short indoctrination is needed and they can oversee numerous sub-
ordinates in the field using a packaged course and standing by as the expert
technician when the branching directs the student to the instructor/monitor.

Instructor train{ng schools will be around as long as there is class-
room instruction, but CMI monitors will make inroads to match the pace of
CM1/CAIl implementation.

Any technically competent person can become a CMI instructor. The instructor/
monitor will continue to play an important role as instruction progresses
toward CMl -~ especially for the slower students.

THE NEW (CMI) STUDENT

Just as the instructor role will change in a CMI environment, so will
the student role. The training institution of hundreds of students lock-
stepped in classroom lecture situations may change -~ very gradually -- to busy
shops with stud;nts alternately working on equipment, sitting at computer
terminals, operating sound slide projectors, reading printed texts, and
discussing problems individually or in groups with the class monitor. The

monitor will still assemble groups to explain things of general interest, but
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the student will not feel in a panic in a truly self paced CMI situation.
Hle will often go to his monitor for guidance willingly and with a real
motivation.

This, in turn, will call for instrgctor supervisors with a different
orientation, If the inatructor and student roles change so drastically, the
supervisor must change also. He can no longer sit at the back of a class=
room and observe a lecture/demonstration in order to evaluate the instructor;
he will mingle with the students.

STUDENT PROCRASTINATION AS A FACTOR IN COMPUTER MANAGED INSTRUCTION

There 1s some evidence that if a computerized course is designed with
too much freedom in self pacing and with too much time allowed to complete
the course without penalty, the students tend to procrastinate. However,
with CMI the instructor is more aware of procrastinators. Realistic goals
and time limits must be engineered into a CMI course and provisions made to
adjust the time limits to suit the student variations (Matson, 1973),

In Navy schools, the shortage of students for given specialties
will influence allowable time limits for CMI c§urses. With a high enlistment
rate, there may be less need to salvage failing students. Yet, this salvaging
of the slow student is one of the prime benefits of self pacing. The top
student will pass almost any kind of course with almost any kind of instructor.

Navy CMi programs will require flexibility of design to allow for the
procrastination loophole inherent in self pacing and for changing student
quotas and rate requirements. Shipboard courses can afford greater leniency
since follow=-on courses are not waiting for student enrollment, If, for
cxample, the shipboard CMI course is one that all are required to pass, more

leniency could be allowed if it took a month instead of a week to complete it,
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COMPUTER MANAGED INSTRUCTION AND THE PERSONNEL QUALIFICATION ‘STANDARDS

1f the Personnel Qualification Standards (PQS) become established in
the Navy as an advancement in rating requirement, the adaptability of PQS
to computer management becomes more attractive. The PQS is in essence a
detailed task description. 1Its format lends itself to computer storage
and recording of the trainees programs, recording of performance on each
phase, and direction to appropriate off-line texts, references, media, and
cquipment, Since the PQS is the Navy-wide basis for a given rate advance-

ment (based on NAVPERS 18068C Manual of Qualifications for Advancement) the

CM1 program tied to PQS will be eventually adopted -- whenever those charged
with the administration of PQS recognize its tie-in advantages.
The PQS concept 1is inherently a self-paced concept, or as NAVPERS

94100A-2, Handbook on Personnel Qualification Standards, Implementation

Procedures Aboard Ships, states, "It (PQS) individualizes learning so that

cach man will be able to proceed at his own pace. It places the responsi-
bility for learning squarely on the shoulders of the learner, and encourages
self-achievement. By providing a convenient record of accomplishment, it
provides a means whereby his supervisors can check his speed and the manner
of performance." This is an excellent statement of a self-paced course., It
is self paced, but not programmed. If the PQS has already been written on
a subject, CMI can conceivably pick up the record keeping; if not written,
it can be written and tied to CMI in all aspects of branching, direction to
wmedia, and record keceping.

The use of CMI to manige PQS is highly speculative, but is an attractive

concept. It should be studied further,
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SECTION 1V
" CONCLUSIONS

CMI 1is expensive, Whether it is cost effective or not - and it may not
be vis-a-vis traditional instruction - there is no alternative for the Navy
but to go to CMI if any significant number of its over 4,000 courses are to
become self paced and individualized (which 1s the trend of current educa-
tional technology).

The objective of this investigation was to investigate the feasibility
of CMI in three areas: namely, (a) a large-scale centralized computer
system for all formalized Navy training, (b) minicomputers for small, remote
classes, and (c¢) use of shipboard computers for managing individual training
on ships.

The concept of a large-scale centralized computer system for formalized

.

Navy training is colossal. A review of the Navy Formal Schools Catalogs
reveals that in excess of 4,000 courses are conducted by the Navy. 1t is
imyractical to coﬁsider managing many of these courses without the aid of
computers. There are only 18 courses that have a throughput of over 2,000
students per year and only 174 courses that have a throughput of over 200
students per year. Inform :ion obtained during this study reveals that the
Air Force is converting three courses to CMI at a cost of approximately
$9.5 miilion. It is apparent that some formal Navy courses cannot be
converted to CMI because of economic constraints. A large-scale centralized
computer system for a selected number of Navy courses will be extremely .
expensive to acquire and maintain. Preliminary trade off analyses made
during this investigation reveal that a combination of minicomputers

(strategically located to perform the routine tasks of CMI) and a central
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computer system (for high level management information processing) is more
cost effec