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SECTION I
.4k

INTRODUCTION

This report discGsses developments in computer based instruction (CBI)

and presents initiatives for the improvement of Navy instructional management

in the 1985 to 1995 time frame.- During the past decade computer based instruc-'

,tion has been widely applied in the U.S. Navy. The Navy'sComptiter Managed

Instruttion (CMI) System, which became operatiOnal in 1973, provides a means

for gyiding students through a 'cwriculum of instruction. It presently serves

14 schools at five geographic locations. The approximate student average'on

coursesboard (A0B) and throughput for CMI/courses in FY 78 were 7,000 and 65'000,

respectively. A plan:exists to expand this system to 25 schools-and an AOB of

16,000 students at six locations. Computer. managed instruction is the largest

component of COI in the Naval. Education and Training Command (Zajkowski,

Heidt, Corey, Mew, and Michell, 1979).

The use of,computers in the management of instruction also has been

instrumental in enhancing the Navy's capability for the delivery of individ-

'ualized instructions. In fact, the extent to which instruction has been

individualize$ "... would have been impossible for the number of students 14

are dealing with were it not for the availability of CMI.... It gives a partial,

answer to the restraints the Congress is placing upon us for reductions in the

costs of training and the.size of rainiig staffs" (Scanland, 1975).
4

All the military, services intend.to increase their use of CMI. Table 1

shows the projections formilitary CMI systems planned for the early 1980s

(Van.Matre, 1979).
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TABLE 1. MILITARY CMI SYSTEMS O

NAVY
CMI

AIR FORCE
AIS

ARMY
CTS AIMS

MARINE CORPS

CBE.

Students Daily 16,000 ^2,400 365 - 1,600 2,0d0

Courses/SthoolV '25 4 ' , 4 2 .° 4-8 CAI
40 + CMI

Locations 6 . 1 .- 1 22 .1
O A

Source: Van Matre (1979)
0,r."k.

4 At the November 1979 meeting oeiple Chief of Naval Education and Training

(clier) Experimental Training Programs Policy Board it'was pointed.out that

-.due to technological advances, the current Navy CMI system will becoineoUtdated

in the 1985 to 1995 time frame. The CNET tasked the Trainfng Analysis and

Evaluation Group (TAEG)tbconduct a'study o the current al projected

7--state-of-the-arrin the technology as.sociated with the management and/or

delivery of instruction as a basis for developing initiatives for the future.
1

-
.

PURPOSE OF THE STUDY I

The present study (1) assesses the state -o- the -art tn instructional

management and instructional delivery, (2) establishes projections of thee

capabilities for.instructional management and instructional delivery systems

during thd5196 to-1995 time frame, and (3) identifies viable alternatives to

the current Navy CMI system. ;

.

APPROACH

There were five major components to the approach used in this study.

First, an analysis was made of current Navy CBI systeTs,iii terms o, capabili-

ties.and problems. Sectind, literature dealing with current and future trends.

of instructional management and delivery was reviewed. Third, visits were

CNET,ltr Code N-5 of 19 Nov 1979
. ,

it
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Made to acknowledge4 experts (ligted in'appendix A) for discussion and assess-

ment of Navy needs and projected technologic capabilities in hardware,

:software, and courseware to satisfy these needs. ,Fourth,,functional components'

- of computer based instructional management sysiti were identjfied and analyzed,

in ordr to arrili at the-functions'of an ideal instructional management*

system. Finally, alternative systems, capable of providing, he functions were

identified and assessed for impleMentation. constraints which would impact on

operational use during the1985 to 1995 time frame.

4

o
ORGANIZATION OF THIS REPORT

in addition to this introductory section, this report contains five .

sections and two appendices. Section II descilbes the major categories of

discutges trends in GBI, and provides an economic projection of CBI

.

developments. III-provides a discussion of instructional management

systems. Section IV provides the state -of -the -art and trends of instructional

eliverysystems: 'Section V presents four CBI alternatives and contains an

assessment of these alternatives in terms of key. system characteristics.

Section VI provides recommendations for actions to be taken in suppol!tlif

1985 to 1995 I system devqlopment. Appendix A lists the coltsultants con-

tatted during his study.

categories, and functions

es

Appendix B describes -the major categories, sub,

0 CBI.

0

5/6 9
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SECTIDN II

_CATEGORIES, TRENDS, ANDCONDMIC ASSESSMENT _

OF COMPUTER BASED INSTRUCTION

t.

. -..

This section (1) identifies'and defines*the major categories of CBI to

. be analyzed'in'the remainder of the report, (2) discusses trends in CB),and

(3) provides economic projections of CBI developments. Computer based instruc-

tion Is a generic term used to describe any instrisctional system in which

computer capabilities, are utilized to manage, deliver or support instruction,

or to maintain administrative information on'instructiohal processes. This

definition does not provide sufficient specificity for detatledcomparative

analyses of various systems. However, a general industry acceptance of:two. '

categories of CBI has evolved, computer assisted/aided instruction ' {CAI) and

computer managed instruction (CMI). The former is invplvedin the de11very

:of instruction, while the latter, in general, simply manages a program of

instruction without a delivery components Even thodgh these functions are

distinctly different, the fact that they can be employed together in a single

system has given rise to some confusion in terms. Therefore, an attempt is

made in this report to provide a framework for understihding and 'differentiating

between categories of cip.
.

MAJOR CATEGORIES OF CBI.

Major categoriescategories of CBI to be addressed in this study are shown in

figure 1. Computer(based instructiona' management (CBIM) includes those

functions which manage ocgguide a student through an instructionafsequence

such as testing, response analysis, 9rescriptive,gdidance, and student mon-

itoring. Computer .based instructional .administration (CBIA),inclOes all.off
the record-keeping and repotting required for eifet4ve program administration.

Computer based instruction support (CBIS) includes instructional /learning 1,

resource management and allocation, programdevelopment coordination, config-

uration management, and computer support functions. The functions included

in each of these major CBI subcategories are showin figure 2. They are

als6"described in greater detail in appendix B.

7

10

i
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Computer based instructional delivery (G.10) is a unique category which

includes all computer based media options. These options would include

Classical CAI; computer graphics, computer controlled video, compUter simula-

tion, and computer based training devices. Computer based instructional

deliary together with CBIM has almost unlimited potential for development

_and_growth and will therefore be the areas in which Navy instruction will

make its greatest advances. However, it should be'rectignized that the admin-

istration and support categories of CBI (CBIA and CBIS) wil1,be essential for

the.orderly and.cost-effective implementation of large scale,CBI systems.

TRENDS

During the next decade computer developments which supportsinstructionai

processes are likely to evolve to the-extent that all functions which can be

computerized will be Therefore, a'key decision at this time involves the

choice between a system configuration which would result from evolutionary

growth of existing systems and a large scale integrated system developed

under an RDT4g prog3 4n in terms of mIxithula effectivenesi/efficiency in the

1985-095 time frame. However, a general consensus" seems to be that whatever
,.

general System is selected the underlying general development strategy should

include the central management of system and network standards with autonomous
-

decentralized processing and data base control. This geperal strategy permits

° a wide range of local hardware/software options for. CBI while requiring

strict adherence to central management policy relating-to network configuration,
& -

data base management, comiunications protocol, and configuration management.
&

.A number of initiatives will he, required to implement this approach

among which will be the phasing ott of the existing Navy CMI System and a

phasing in of a newCBI system with greatly expanded capability. A major

contributing factor to this situation is an increasing trend toward the use

of unique, computer training applicatiofis arising out of special"training

requirements such as electronic warfare training and nuclear power training.

Since it is relatively certain that this trend will continue, the instruc-

tional management` network of the fuiureMust allow for inclusion of these

unique applications within a global management structure. This can only be

10 15
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accomplished through centrally controlled policy development and the estab-

lishment of explicit standards for computer based instructional network

membership:

Computer technology has developed to such a point that computer hardware

cost has b.ecome a secondary consideration to computer software cost. The

following. paragraphs address_the_underlying economic considerations which

havebriought about this change,

ECONOMIC ASSESSMpT_OFCBI
$'

The feasibility of adopting new improvements in computer technology for

computer based training; pplications depends upon both technical effective-

nessand economic_efficiency. The'technical-effectiveness, along with some

.insights into the future course of developments in instructidhal technology,

is addressed elsewhere, in this repot. :New and improved computer technology

mhiCh will' support effective training` s a necessary .but not sufficient
_

condition for adopting this-new technology for Naval training. The adoption

of any improved technology must also be economically efficient; i.e., it must

also provide the most economic means of-reaching the training objectives if

it is to be rationally integrated into the Navy training system.. Economic

analysis -is an analytical procedure for ,determining the cost-effectiveness of

alternatives- lovl satisfying training'obOectives.

As previously mentioned, this study focuses on the anticipated state of

computer technology as it will exist for the period 1985-1995 and isalesigned

to provide policy guidance as to the appropriate planning"decisions Which

A' will enable the Navy to plan for the most cost-effective, long-vange training

system. .Since the study does not address any specific training system alter-

natives, it is inappropriate to Provide an economic analysis supporting or

recommending a specific long - range -plan for either accepting or rejecting

projected computer technology. Specific recommendations will depend on the

new (and as yet undefined) hardware systems, software requirements, future

training requirements, existing resource configurations, and relativeAsource

prices.

11 le
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TRENDS IR COMPUTER PROCESSING COSTS. One of the most important considerations

in determining the economic desirability of adopting new and improved computer -

technology is the relative productivity per dollar spent on both the old and

new system.. Any training task can be accomplished with an almost infinite

set of resource combinations. Which set is the most economically efficient

is determined by both factor productivity and factor cost. Any disproportionate

change in either prcductivity or cost will ultimately.require a change in the

relative ratios with which the resources are'used In training.' Often changes

in productivity and costs are-brought about by technolOgical advances. In .

computer technology there has.beeit a substantial increase in productivity and."

both 'total cost Of hardware and average processing costs have dropped Pre-

cipitoustyt These changes make'it imperative that the.training System be

reconfigured 'in _the long run to more fully utilize and capture the,efficieh-
.

cies of the new computer technology.

The trend in productivity for hardware has shown phenomenal improvement

over the last several years. Most experts believe that this rate oeimprove7

ment will continue through 1990. If such improvements:do continue, then

Processing'speed.in 19is.expected to be approximately.200 times faster

than that which existed in 1970. This trend is illustrated in figure 3.

The processing speed and anticipated reduction in real costs of micro-

processing components will contribute significantly to more cost-effective

computational facilities. Trend; in costs of,microprocessorchips are illus-

trated' 4. It is expected that the cost of. a 16 bit microprocessor

chip will cost less than $10 by 1990. The cost of a 4 bit microprocessor

chip' will be less than $11.

4

:The costof memory is also going down. If present trends continue, as.

they are expected to do, the 1990 memory costs per bit will be leis than 1

percent of the.1970 costs. This trend is illustrated in figure 5. The net.

result of improvements in microprocessor.costs, processing speed, and memory ,

costs has resulted in an extremely rapid decline in average storage and

processing cost's. ProjectiOris through 1990 indicate that the average proces-

sing costs will be less than 1 percent of the 1970 processing Costs,as illus-

trated.in figure' 6.

12 7
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During the same period (in which the productivity of computer technology
.

was increasing and costs were dropping), the average labor costs in training

have* been increasing. This change in relative, price ratios shifts the economic

advantage to those' alternative training systems which utilize computers to

V

SCALE ECONOMIES. Scale economies occur when average training costs decrease

with increases in the number of students trained'or size of the training

systems. These economies can be attributed, in part, to the opportunity to

use capital which is highly efficient. Until recently, it was necessary to

use large comput6r hardware systems in order to btain the computational

capacity and speed necessary for training.systems. It has simply not been

-JeconomiLally feasible to develop a computerized. training system for many of

the smaller training systems. Coutses and/or training systems with large

throughput w* the only ones which could obtain the necessary effidiencies

to justify a computerized tfainihg system. The new developments in computer

technology have changed the cost functions in such a way that it will no .

.longer *be necessary to have a large throughput in order to capture the scale

economies. Theimportance of scale of operations or the size of the training

systems is becoming less of an issue.in the cost effective calculation.

SOFTWARE DEVELOPMENT. The rapid increase in the technical4capabliity orthe--

hardware has provided the opportunity to use the computer fog more sophisticated

and widespread applications; However, these uses often require the development

of unique software packages. Software development is'extremely labor-intensive

4 and, therefore, very costly. The increased use of hardware will require

. greater commitment of resources to software development,.and in the long run

software costs will,. be the dominant cost factor in the selection of a com-

puterized training system. This,increase4 c4st can be attributed-to'the

- '- volume-of software ,whichamdst be developed add not to inefficiencies. injhe
. ,

development of software.

° The total software development costs depend on the quantityof software

"which must be developed as well as the efficiency in developing software.

The increased software-costs prOjected for the future result from the fact

'

17,22
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that with widespread use of hardware there will be a greater quantity of

software required for theadditional systems. Tending to offset this increase

in the cost of providing more software will be a:decline in the average cost

,o(developing the new software packages. This decline in average4-cost will

be due to the development of more sophisticated high level programming lan-

guages. !These programming languages-will be highly user-oriented and will

reduce labor requirements for developing specialized applications programs.

The total costs of developing and maintaining the high level programming

languages will be hight.butbthese costs canjbe amortized over a large number

of applications which,will tend to drive'do*n the average cost.

'1?

Almost every poteqtial application of computer technology within the

Navy will involv'e changes in training programs. The extent of c4anges which

are economically efficient is one fundamental question which an economic

analysis must answer. A rational analysis would involve a study of each com-

ponent of the existing training program to determine which,,component or module

can be efficiently computerized. Since we seldom start from "ground zero,"

there is a need to evaluate the existing capital resoprcebase and determine

the most efficient means of integrating the new computer technology into the

existing system. :The total replacement of sunk capital will seldom be econom-

jcally efficient, especially in the -short run. However in the long..run,it,

may very well be...more efficient to plan for total replacement. Each pioblem
4

requires a specific analysis, and that analysis must be based on an incremental

approach:

4 0

The efficiency of each candidate system in:Teting the various management

and delivery functions will undoubtedly differ .mot would lie unusual to.findsa

single cormiuterizid system which would be most efficient in harrying oUt all

management and delivery functions. The computer system:ultimately selected

for each application must be one which results from a melding of the various

-performance requirements 'With the most cost - effective computer system for

performing the composite Of4those functions.

'23
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SECTION III
.4.

0

INSTRUCTIONAL. MANAGEMENT SYSTEMS

.s

%INSTRUCTIONAL MANAGEMENT SYSTEM MODEL'

A general model is presented here relating general management functions

to instructional management functions. It shows that the instructional

W
management_ process is not unique, and it is suggested that established manage-

mint techniques, When-properly,applied to instruction, can result in greater

management efficiency.

t

4

In spite of the fact that state-of-the-art instructional management

systems are structured in a variety of ways, they_ nevertheless exhibit common

- management characteristics. These characteristics nclude planning, organizing,

command/executing, coordinating, and controlling (George, 1972). A general

management model_with these functional elements is represented diagrammatically

with the addition of'an evaluation function and feedback loop in,figure

Without a feedback path, the system would operate "open Mop" and'the output

'product could deviate Ognificintly from plan.

With this general model, it is possible 'to relate general managem6t to

liAtructional management. This relationship'is presented diagrammatically in

figure 8. For the' instructional management case, the task kecomes'one of

managing a training syste0 in which the learning process consists of developing

,- skil\ ls, knowledges, and attitudes. Entry testing provides a student input.

-measere; progress testing allows for progress evaluation and pretcriptive

guid*e during the learning process; and outpdt testing certifies that

training objectives have been satisfied: This model can be used tb compare

., -specifi pes of instructional management systems described in subsequent . .

paragra in terms of the degree and efficiency with which they are capable .;..

of acc 'ishing the identified. function. It is, however, not meant to be a

comprehensive model of the instructional management process':
.

;.1924
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Most current fnstiuctional.management systems can be categorized.as

instructor-based instructional management or computer -based instructional

_management.----The-tnstructorzbased;tad relOii'to traditional methods of

instructional"management without benefit of computer support. The computer-

based case `relates to computer-supported instrimtional management and admipis-

trative data handling processes. Thd distinctions betigeen these two generic

'tategories are blurred by many possible types of application of the Computer,

ill the.instructional process. For example, an instructor-managed systemCin

wtlich student training and administrative data are stored in and.proCessed by

a computer might be termed a form'of computer-based management. However, in

this study, the term computer-based iinstructionat management is restricted.to

computer management of instructional processes and not to computerized

----admintstrative, suwortrof -delivery processes.. The primary reason for this

differentiation is that many existiqg CMI systems provide administrative

infoirmation processing and direct computer-based delivery of instruction."

These systems would properly fall within the category of computer-based

'instructional systems but not totally withim the subcategory of computer-

based instructional management systems.

A.

In -this study, the concept of computer-based instructional management

will-apply to a range of computer supported functions. The minimal case is

the use of a computer for test scoring. T 's would be similar to the instructor-

based marm§ement case with the sIgle exce ion of computerized testsCOring.

At the opposite end of the computer-based nstructional management spectrum.

would be the hypothetical "training factory" (Baker 1978) in which all training.

management functions are computerized. In assessing the dozen or more instruc-

tional management systems which are currently available, or any other alterna-

tive which might be designed, several key issues must be addressed to insure

successful impldmentation: (1) Are they applicable in all training situations?

"(2) Are they now or are they projected to be economicallyeffictftnt/effective?

(3) Are they operationally and logistiCally supportable over their life

cycle? (4) To what extent are they subject to technological or functional

-obsolescence? (5,) Do they have top management support? (6) Is the user

community committed tothe implementation and ma,atenance of the system? (7)

Is funding support assured for the life cycle' of the system? Technological

r 22 29
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4

considerations., which are well within the state-of-the-art, do not appear to

be a constraining factor for the 1980 to 1995 time frame.

-----t81-H7SYSTENIIARDWARE ANCFSOFTWARE ARCHITECTURE

Traditionallhcomputer-basedinstructional systems have consisted of

one or more central processors- communicating with a number of time-sharing

terminals. This arrangement provides an interactive input-output capability

which has been applied for instructional management, instructional delivery,.

and administrative dathandling functions. For,the typical case, this

arrangement is still considered to be.a relatively direct and effective means

of satisfying computer-based instructional system. requirements. *lever, as

th!'-applicationof-computer-bated ifigt-ructional technology becoMes more

widespread. and as computer network architecture technology and capabilities

evolve, additional longer range considerations'become apparent. It-should-,

first be determined if the application of computer-based instructional tech-

ndlogy in Navy training is likely to increase during the long-range planning

period and, if so, at.what rate. The results of this determination should

then hi usia-fo project the sequencing of integrating CBI functions into

ekistilg training systems. When this instructional technology need /capability/

implementation projection has been completed, system architectural alternatives

can be cleveloped For the case of Navy training, it'is envisioned that the

develoOrnt and implementation of a Navy-wide computer-based instructional

management system would be more extensive than any computer-based training

application currently in dse. Based upon an analysis of state -of -the -art

systems thefollowing system characteristics have been identified as develop-

ment guidelines:

1. 1 System hardware architecture should not reduce procurement.options

to a single supplier for processing, storage, or communications components.

2. Software architectural design should follow state-of-the-art

thihkin in relation to user oriented high level language development,

structured prow;amming program modularization, custom operating systems,.

documentation relevancy, and system wide software compatibility.

.
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3. .Distributed network architecture should provide a data base design

Whith7Trows globai network data,access only, where required. Local data base

cwitilsocesugmerl_practicable..---In-additle
" standards for communication protoci014_0da_bandling_softwarev-message-formatsT--

and data base management should be developed to preclude a dependence on

single supplier systems. It is. highly probable that computerLbased instruc-.

tional management systems 011 eventually interface with large numbers of

wireirie processors (intelligent terminals, special training'devices, CAI

systems, video graphic terminals, and videodisc controllers). System commun-

ications standards will be essential if interface, compatibility is to be

achieved.

.

'4. 'Computer software management 'systems together with effective con-:

figChtion,control systems are essential for any large scale computer-based

, development. Department. of Defense (POD) software management systems have

been evolving for a number-of year's and are now reasonably effective although

costly to implement and maintain. Because these systems are, in essence,

management control systems, they should be carefully evaluated in terms of

their ability to maintain currency in an environment of continuous change.

Since a computer-based system of this type becomes a management tool, it is

important that control be exercised by training program management. ,

In assessing current state-of-the-art systems, it appears that the issue

again becoines one of implementation consideratilgs. The hardware and soft-

Ware are available today to mechanize/automate almost any.training function

.envisioned. _Computer cost is decreasing and manpower cost'is increasing,

both at rates which arelikely to bring about wide application of computer-
.

based training during the next decade. Consequently, it will be necessary to

provide the needed planning and. operational suppOrt to assure operational

effectiveness in the desired time fragile.,
.
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STATE-OF-THE-ART CBIM SYSTEMS .

e

BIM, often to as computer managed idstritc-'
__tfon.(CMI)-, :has grown-steadily during the past decade.. Ten private andaS

public sector applications were identified and analyzed in 1974 (Middleton,
Papitti, and Micheli, i974). Although growth in the number of systems has
not increased significantly since then, student loading has continued to
increase and system characteristics have continued to evolve. The Navy
training CMI system is an example of a large-scale centralized (nationwide,
central processing). system which was well conceived and which continues to
perform effectively. The.Air Force Advanced Instructional System (AIS) "is an
example bf a dkentralized (bise level autonomous operation)-systemi-which
like the Versatile Training System (VTS), the Aviation Training Support

.

System (ATSS), and the Army Automated Instructional Management System.(AIMS),
appears to have many of the necessary CBIM characteristics. However, training .-
center or school -based systems.Such as theie require extensive instructional- "
program development, computer programming, and configuration management
support. T

l
ese.support requirements, combined with significant front-end

investment, .avecaused some extension in the implementation schedules of the
above systems. The long -term payoff still appears on the horizon, but short-
run expansion schedules are not expected to meet original goals.

i

State-of-the-art-military CMI sySe)is have.beenwell described in a
'number of studies (Orlansky and String, 1979; Zajkowski, et al.:1979;
Middleton, et al., 1974) and therefore are not described in detail in this

,report. .

CBIM TRENDS 4.

During the course of this study, many valuable concepts relating to
,future computer applications In instructional management were offered by

1experts in the field. This expert opinion and the examination of related

.

1
Since the primary intent of this study was to forecast developments inn corn-.outer based instruction, elkhisis was Placed on discussions with experts inthis field. 'They are named in appendix A. 11

;
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research led to the developient of two major conclusions. Thec conclusions

arep_z_ente_d-brelow-with-supporting-rat/Dila-1e.

1. There is'a high probability that the use of CBIM will increase.
significantly during the 1985 to 1995 time frame. The trends identified
1;hich'support this° position are: , .

4. e..

a. decreasing computer system hardware costs
b. increased software development efficiency
c. .increased capability of applications software
d. wider.user acceptance of computer-based applications.

2. During the 1985 to 1995 time frame, CBIM will become decentralized
and highly autonomous.. However, strict adherence to central management
'policy and network standards will be essential for alglobal computer inter -
communications. capability which appears to be a necessary goal for system
management and control. The trends identified which support this conclusion
are:

a. Small, powerful computer syitems will be available at low cost
for remote stand-alone operation.

ti

b. Reliability, maintainability, supportability, and versatility
figures of merit for stand-alone computer systems continue to improve.

c. New network architectures which allow for distributed data
base management, remote processing, and central network control are continu-
ing to evolve.

d. ,A strong trend toward stand -alone CBID, as evidented by current .

CAI and device based'training
applications, will bring about a requirement

for interfacing these delivery systems with instructional management systems.
This can be accomplished most easily with a highly decentralized CBIM,capa-
bility under control of a global network managei.

26
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INSTRUCTIONAL DELIVERY SYSTEMS

This section defines key terms in instructional delivery, summarizes

maior categories of instructional media, proVides a brief analysis of selected
media/delivery systems, and identifies trends in media development. In this
report the term "media" will rife to the means for presenting instructional

material to learners; for example, biloks, aud4otapes, and filmstrips-(see

CNET Instruction 1500.12). The term "instructional delivery systems' will refer
sto all of the elemenii with which the student must interact during the learn-

: ing process to achieve instructional goals. The structure of this delivery

system determines to major extent the orgailizationnd presentation of
information pertinent to training. In other Words,'an'instructional delivery
system is composed of a student, a method (or instructional strategy), and

soma form of media. One of tfie,simplest instructional delivery systems might'
consist ora student. and printed instructional materials, while one of the
most complex might combine the student with an interactive adaptive CAI
system.

Factors that must be'considered in selecting media for the instructional
delivery system should include the nature ofthe tasks, learning strategies,
media types available, costs of alternative media mixes; state of development
of proposed media approaches, and resources requiredfor courseware develop-
ment. TAEG's Training Effectiveness and Cost'Effectiveness Oredidtion (TECEP)
technique (Braby, 1975) is a procedure for chooting instructional delivery
systems. It is useful'in defining strategies for meeting training objectives,

choosing instructional delivery systems for carrying out these strategies,
,and identifying the relative cost of the alternatives. However, experience

withthe TECEP technique has shown that choosing an optimum instructional

delivery syStem"for military, training objectiies is a subtle and complex4

decision making task that cannot be completely proceduraliied. Furthermore,, .

users of the TECEP technique must possess expert knowledgebf media. The use
of.TECEP,'howeVer, should result in choosing the most cost-effective instruc-

tional delivery system.

27
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CATEGORIES'OFINSTRUCTIONAL MEDIA

1

Braby (1975, table 16) lists a "Media Pool",of 89 typesof instructional

media organized into seven categories. These categories are print material,,

audio-only systems, visual-only systems,,, audio-vthal systems, CAIAMI, siniu-

lated-andoperational 'systems, and special or nonstandard items. They.are the

major forms of instructi661 media belm6 usedor_being considered for use in

t-eilfiarY training systems. Eiamples from each category and shown in table 2.

Another categorization of instructionalmedia is 4hown in table 3. .

- ,

;

As a matter of intelest, table 4 is includedJto show how 42 Army instruc-

tional media were grouped into 12 "families" (Si4er, Bennick, Butler, and

Beneschr4978)
/1

0 /

Videodisc and 270 interactive computer graphic display systems have a high
. .

potential for innovative application in training: They also have a great deal
.,.

'of power in information transfer technology As well as possessing the possi-

loility,for increased achievement and transfer of training. These systems will

be-discussed in more detail in later sections of thi's report:

STATEALZ:7ART OF.INSTRUCTIONAL DELIVERY SYSTEMS

The following paragraphs discuss available media in terms of their capa-

bility to improve instructional_efficiency.

. -

.

To effectively design an instructional, system, the training system 0.,

designer Must know the capabilities and limitations of various media and their

related costs. A voluminous and detailed report by Rhode, ftseff, Pusin,

Quirk, and Shulik (1970) has assessed the available conventional media in 4
terms of their instructional flexibility, support requirements, and initial

and operational costs. The reader is referred to this report for detailed

ihformation on specific conventional media. However, several new learning

media'are-deserving_otsome special attention because of their high potential

in various aspects .of the delivery of instruction:
0

.
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TABLE 2; CATEGORIES OF INSTRUCTIONAL MEDIA (Aft& Braby, 1975)'

Print Materials:

Audio-Only Systems:

. Visual -Only Systems:

books, self-scoring exercises, programmed
text, study card sets

audio tape system, diatacceis information
retrieval system, language laboratory

microform, panels, mockup, slide projector
system, teaching machine

Audio-Visual Systems: carrel, motion picture, teaching machines,
television (closed circuit, videodisc-and"

talle systems)

CAI/CMI:
-A

PLATO IV,TICCIT

Simulated and Opera- "on:line and off-line computer simulations,
tional Systems: logic trainers, Operational equipment ,

synthetically stimulated, simulators

Special and Non-'.
standard Items:

automatic raters, dry carrel, classroom

TABLE 3. CATEGORIES OF INSTRUCTIONAL MEDIA (After Logan, 1977)

I

Programmed
,ETV Radio Text CAI/CMf Audio-Visual Lecture

television PI. computer- audio -
video programmed based audio tape
video tape text % systems -

.

audio recordings
audio-visual
films

.

'filmstrip
motion pictures
pulticolor

4

visual

slide

O

still pictures/
graphs

tape/slide
transparencies
visual

MP'

IN 29
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TABLE 4: CATEGORIES OF ARMY INSTRUCTIONAL MEDIA
(After Silver, et al., 1978)

---Job-Materitls

Field Manuals (FMs)
Technical Manuals ("Ms)

-ITDT Technical Manuals

Printed Materiali

TEC Print
Correspondence Courses

Training/Combat Lfteratre
_ -

Soldier' s Manual/Job Book
Skill Qualification Tests (SQT)
Allay .Training and Evaluation Program "(ARTEP)

Instructor with Standard Aids,

Class Packets
Charts/Display Boards
Overhead/I- ..,bparencies
Model s/t;ickups

Audid-Only

TEC Audio -Only
Language Labs (GEL)

Audio-Visual

TEC Audio/Visual (BESELER CUE/SEE)
Slidel/Sound Slides
Army Training Films

'As*

.

Television/Video Recording, \.
?

classroom Closed- ircultj Television (CCTV)
Television Traine (TyT),'

'Video -Disc

Computer-Assisted/Manag d Instruction (CAI/CMI)
,

Remote-Access PLANIT
PLATO IV/TUTOR

.,
4.-.

.

ABASCUS iCanputeripil Training Systim (CTS)
,

40
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TABLE 4. CATEGORIES OF ARMY.INSTRUCTIONAL MEDIA (continued)
(After Silver, et al., 1978)

Embedded Tpaaail.41(ET)°

Operational TACFIRE PLANIT
TACFIRE Training System (ITS)
TACFIRE- Subsystem Team Training (TSTT)

Training Devtces/Simulators

Sand Table
Fire Control Simulator BT.-33
Observed Fice.Tiner (OFT)
Artillery Direct Fire Trainer (ADFT) .

M-31 Field Artillery Trainer

-Tactical Engagement Simulations (TES).

4.

SCOPES
REALTRAIN (EXercise for Combined Arms Elements)
MILES -

Command/StifiBattle Simulations

. Tactical Exerciie Without TroopilTEWTS)
CPX Simulation Facility .

%CAMS (Computer Assisted Map Maneuver Syst0m)
Combined Arms Taetical Tivining.Sifilator (CATTS)

4 FIREFIGHT. '

DUNN KEMPF,
PEGASUS
First Battle'

r

9
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The current typical Nal49 delivery system is based primarily on print--

Media moderated, and managed by instructors (plus some usP of conventional

audiovisual media). *.This- approach appears to'have reached'its limit of appli-

cations effectiveness. Not only are marginal efficiency improvements very

small but usageis Mismatched to the current training need (Builderson, 1979a). :4

Just as conventional audiovisual media have been integrated into the

instructional systeM by matchingithem and their specific advantages with the
. . .

objectives of training, it is now essential to accomplish this for the newer

media; e.g.,.Cyrrent CAI systems andthe other more sophisticated audiovisual

media such as videodiscs. Theirsuccessful use requires analysis of their

strengths and limitations through continuing research. For example, after 20

years of CAfTsystem research it has been established that the primary benefit

of these systems is derived from their capability for individualizing instruc-

tion., It is capable of adjusting instruction to meet student performance.

For the current status of CAI, CMI, IMI .and PI, see'Orlansky and String

(1979) and Zajkowski, et al. (1979). R presentative of the data to be found

in these.reports are tables 5 and 6, re roduced here to show the effectiveness

of em and the extent to whit i eing used operationally in Navy"training..

The roots of computer applications for the 1980'sexist'now, and there is'not

Much likelihood that new design concepts will change how they are applied. . 0

Chales will most likely be 4imited to' scale of use and in who will. be using

them (Office of Technology Assessmen1,,1979)..

Two relatively new forms qf instructional media have great potential for

future instructional delivery systems,, namely, 2-D interactive computer

graphic display systeals and videodisc. 2-D interactive computer graphic

displays probably have more potential for wide application during ihe1985 to

1995 time frame than any other CBID medium. This deliviry mode can provide

visual 2-D simulations with keyboard, light pen, ionic pen, photo sensing or

touch'panel student' interactive capability. This interactive feature can be

used in combination with direct input .3-0 training compodents and other

peripheral equipment for a'fully integrated training system capability.

32 19.
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TABLE 5'. SJMMARY OF FINDINGS ON CAI AND "CMI , COMPARED .

TO CONVENTIONAL INSTRJJCTIOIf

.

-

Meewte

finding

_.
(Cenipered to Convendonsl Instruction)

.

.

.CAI CMI .

Student Adrimement

0

.- o
Some sr Are

. .

...,..1-,

Some
.

.

Performing mewed oolyat Mord..
Robin between porforimom it maget
-111111 as do fob rat demilmoroted. .

Observed Nkomo not of proptical
important .

Cane Compleden -

Tone
..;

.-

No. of
Comparison

40 6 CMI. Most time minp meiniked .
et WNW wide "mid use.

.

.

.

tote saved
(Median)

I

29% .

.

44%

Renee 31 to 99% 1..to 09%

Na of
Compnomm

.
,.

Computernpport moo litde tame Wand
Net of bidividulted inenuctiso. .

-,
. ,

.

e
.

Tone ieved
Indivithil
aid fop *
mean'
CAI

'

64%

.

.

zi
51%

"

MI 61%

Student Attrition
-It

.

About _. edie same Night Manse
My am

CAI: wry nulled dote
CM possible dicOns In student quelity

Student ANNA' Imola = ." Fsvpioblo ,. N .

,

Instructor Aphides , Onfavomble Unbent*
.

-, Very limbed dots.
-Lit* attention Wren to inrumers.

less. due to Less, due to stu. ..
%student time savings .. tient time sluing: t°648. ilnWit and illmillPhl

Ceot-offsedvoness
.

- Not brown boci;;**cut Me ore Maid.
sad incomplete.

Source:
A
Orlantky and String (1979)
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.TABLE 6 *COMPUTER-AIDED INSTRUCTIONAL OROGRANg,PLAmv 'IN PLACE IN NAVY TRAINING

;,
e.

CAI Identification Tr/dein) Use
Number of Students

Stations ..Locaikms Remarks

TICCIT (NITRE/Hazeltine)

gc^213 (Educational'
Computer Corporation's
2- and 3.dimensional.,
panels wit!---CRT),

BETS (General Electric.
computerized, self-
contained, interactive
training console)

Device 20$17

C1(0) CAI:Syit'm

Not Designated ,

Device 10111

P

S-3A

AE

Marine
Marine

MAIN

TRIDENT (strategic
Weapons Training)

TRIDENT (Engineering
Operations Training) '

OS "A" School

CT "A" School,

P-18

EN Operation
and Maintenance

Undetermined

91

103
100
60

Undetermined ,

"12 .

North Island
Cecil flop

IMmohis.

Nemphis
Camp Pendleton
Twentynine Palms
Undetermined

Bangor

Bangor

60 Undetermined

15 Undetermined

Undetermined Undetermined

Corry field

in use

14 systems under
contradt

8 systems
27 systems

400 additional stations

NTDS Training
FT 84 Implementation

Basic Coemunications pvd
CT message bonding

Planned for future

Soutci: Wkowski et al. (1979)

0

- ,
4,

I

I

300 Learning Carrels
-will be under CHI .

a
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Because of the computer dynamic capability for changing graphic display

parameters (e.g., voltage or resistance values in electronics training),..

performance-based training will become possible. This is currently being

accomplished very effectively on such systems as TICCIT,'PLAT0',and GETS, but

the cost is still too high to justify wide scaleapplicaiion. However, the

success of these systems along with projections of decreasing costs; makes

this type of delivery very promising for future applications. PerfomanCe-

.. based training and testing appeak to be a major design goal lor'future

training systems.

Videodisc is considered a revolutionary developmentA training tech-

nology because of its mass information storage capabilities, and the flexibil-

ity in media'materials which can be-stored...It can store all displays that

are now delivered on any audiovisual medium, such as-color slides, super 8,mm .

film, videotape, or motion pictpre. . The 108,000 video pagesof a single disc k,

can be used to deliver information. in a small fraction of the space 'required

by print documentation. It integrates. the features of several different V
0

media into one simple storage and retrieval system. However, the authoring

and production of one single master videotape of such materials piior to

making master videodiscs also combines the problems of these media (Bunderson

. tand'Campbell, 1979).'

Bunderson, 'Levis, and Mendenhall (1979) studied the implications for

the videodisc authoring process of the following eight areas: the delivery

system used Onanuallmontrolled0 microprocessor controlled, computer con-

rolleCwith_41thir_a_CAI or TV- display); media selection during ISO; instyucu.

tional strategies; author mockup and simulation prior to premastering; pre-

mastering;"Mastering and replication;' composition of videodisc authoring ..

. team;.and evaluation: These researchers concluded that although optical

videodisc technology and its associated authoring technologies can be expected

to be undergoing, change during the next few 'year's, videodisc has significant

potential as a new media delivery System alternative for the Navy. However,

they recommend, that the Navy should.not plan to use videodiscs in*the imme- .

eilte future but that the Naval Education and Training Command (NAVEDTRACON)

4ould track the development of the field. They further recommended that the
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Navy should conduct R&D involving the development.and mastering of -a series

of videodisc strategies on promising delivery system alternatives.

O

It is interesting to note that Fox .(1980) believes that only limited

research As needed. He believes it is possible to demonstrate new approaches

for instructional management and,deltvery systems by applying state-of-the-

art instructional technology in existing classroom iettings. Fox-09 has

developed a microprocessor-driven Visual Image ControlialFir. I. Con) pro-

jector. His stand-alone instruction. delivery system presents instructional

materials, on a functionally equivalent basis to that which can be accomplished

on a video system. When the instructional program is validated,on the Vis. I.
. .

Con, it can be transferred to a videodisc, which can be controlled by a

miroprocessor. This microprocessor can then function as a master controller

for both instructional management-and instructional dplivery. Fox has seen

no serious problems associated with current videodis applications and

,believes it is now ready for use as an operational component of new instruc-

tional Systemi.

TRENDS

"Anything in the market place in 1988 is alreidy in the laboratory in

. 108" (Fields, 1979). The "building blocks" are bel \eved to be known., What

will be done in the future is a combining of the "bloas.' into systems and

applications. ..

According to the Off ace of Technology Assessment (1979), "the roots of

most new computer applications in the 1980's exist now, and there is not much

likelihood that anew concept of computer design will change the way we use

them. changes will 'be in scale of use and in who will be using them."

Ounderso'n (1979b) states that it is not possible for DOD to maintain

_conventional methods oriented around stand-up instructors andprinted materials

training, budgets are being cut every year. New courseware forms and

new delivery systems must emerge. These new systems will be dependent on the

;;Adespread distribution of computer based delivery systems,

36
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In.thb early 1980's small personal computers withlimite ry will be

available to provide answer analysis an ftedbacR;-prompting help, and diag:

nostits. The videodisc used increasingly as a medium for,distribution

of inst It will become competitiiie with other delivery systems such

as audiocassettes, videocassettes, floppy discs, and printed pages. Print and

audiovisual media will be transferred onto videodiscs and microcomputer-based
Or

systeMs. It will be cost effective to transfer existing courseware products

that hate been validated and are widely used to a single audiovisual delivery

system such as a videodisc player.

Thecost of microprocessor and memory module components which provide the

Computer "capability for graphic display systems will continue to decrease in

price for the next decade. Consequently, large scale application of 2-D

interactive computer graphic display systems will be limited primarily by

software development cost. Even in this relatively high cost area, many

software advances are being made for entering and storing graphic information

with low cost direct input devices. It is probable, that within,10 years,

computer storage of graphic information will be the lowest cost option avail-,

able for storing training-related "visual information.

5

CAI will become more common as computer-based delivery systems become

".more widely used. The trend will be away from linear or fixed variety media"

which just present information. The trend will be toprovide interactions_.

between the trainee and media. .

, . In addition, intelligent courseware, or intelligent CAI(ICAI) will
9

Increase rapidly. Strategies such as the following will be used: simulation

Of a .performance environment (e.g., troubleshooting a circuit), diagnostic

, model of the trainee's status (e.g., discrepancies in procedural knowledge),

'prescriptive model for tutoring a trainee (e.g., giving hints for trouble-,

shooting) (8undersen, 1979b).

1n the late 1980's and beyond,total distributed instructional delivery

systems will be available. The system will be'stand-alone with, intelligent

terminals. The learning station will have the storage and display character-
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istics of videodics so All audiovisual courseware will be displayed by a

. single medium: CAI will be the preferred mode for providing training with

feedback'at a job site or on-the-job training, which, according to.Scanland'

fl978), will increase due to the severe reductions in EDTRACON resources.,

At 'some duty stations, instructors may not be available,,whereas in

schoolhouses they will still be essential, though their roles will change.

They will function in ways. computerized systemi cannot; e.g., providing models

of the kind of sailor deiired, stimulating enthusiasm and.motivation, di44

nosing problems, not included in the computerized system, and coordinating

tasks that integrate skills learned with the computer.

4
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SECTION V... r.

INSTRUCTIONAL'MANAGEMEAT ALTERNATIVES

This section describes instructional management alternatives which are

.dedmed to-be viable in the 1985-1995 time frame and provides an initial assess-

ment of key management and economic'characteristtps for each. Two general

categories of instructional,management have been identified; namely, Instructor

Based Instructional Management (IIIIM) and Based Instructional Manage=

,ment (CBIM): Each of these major categories ean'be further refinedinto,sub-

eategories by the inclusion of various combinaticins of the features of (1)

centralized' processing and data base control vs. decentralized processing and

data base control and (2),the'use.of existing technology vs. new technology

(state-of-the-art hardware and softWare). The eight posiible combinations of,

theie features are shbwn in table 7. :However, only four of these eight are

:considered viable in the 1985-1995. time frame. These are;

1. Instructor Based Instructional Management (IBIMT--descriptive of

traditional Navy instruction.

2. Centralized CBIM using existing technolOgy--descriptive of the

existing Navy,CMI system.

3. Decentralized CBIM using existing'technolojy--descriptive.of the

Navy's VTS and,ATSS and the Air Force's AIS.

4. Decentralized CBIM using new technology. This_is a reasonable

descriptionfor a'1985 to 1995 system which would most likely be developed

under an RDT&E.program.

l'ach alternative identified.in table 7 should be considered tO'represent-

a.class of alternatives.' The addition of some form of CBIA, CBIS, and CBID

to each:Of these major classes is required to define a specific. computer based

training application. Itis the latter completely specified system that will

provide the basis for economic comparisons of various systems. Until such
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TABLE 7. INSTRUCTIONAL MANAGEMENT ALTERNATIVES.,

INSTRUCTIONAL
MANAGEMENT
METHOD

...EXISTING TECHNOLOGY NEW TECHNOLOGY

CENTRALIZED DECENTRALIZED CENTRALIZED DECENTRALIZED

IBIM X CURRENT
IM1.

_CUM

fr.

CURRENT
CMI

ATSS
TYPE
SYSTEM

X

'NEW

DEVELOPMENT
(RDT&E)*

48 .

NOTES:

.

IBIM - Instructor Based Instructional Management
CBIM - Computer Based Instructional Management

-.Viable Alternative

X - Nonviable Alternative.
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complete specifications are developed, only the most rudimentary assessment of
.._

the four major classes of alternatives is possible.

Table 8 serves to.identify system features and to summarize the outcome

of an initial assessment of each-of the four classes of"alternatives based on

these features. Each of.the-evaluitive entries in the cells of the table

represents a consensus of the study team based on data collected during the

study. The data for alternatives 1 and 2 constitute an assessment of current

capability while' the data for alternatives 3 and 4 constitute predictions of

the system capabilities.

Note that the major characteristics are divided into two major categories-1.

.Managenent'and economic. In the former category all management characteristics.
,

are considered to be essential.in the 1985 to 1995 framework and therefore

should serve as the basis for a comparative analysis.. In the economic charac-7:

teristics, investment and operating costs, which form the basis for-life cycle

cost, combined with training effectiveness provide an estimate of .Life cycle

efficiency. .These are thep-rimary-economic characteristics which form a basis

/frfor a compalitive. analysis. Expinsion cost and efficiency refer to increasing

the System capability beyond present-or-designed capabilities.

41
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TABLE 8. CHARACTERISTICS OF ALTERNATIVES

1"

.

ALTERATIVE

.

., .
- CHARACTERISTICS

IIINAGENENT - ECONOMIC

Stahl
Info
Access' -

biliiy

. ___

Objec-
tives'
and Test
Item Data
Sank

Resource
Manage-
meet
control

System

Student
, Sched-

uling

System
...

Report-
ing,

System

Manage--
sent
Control

tystRN

Invest-

pent
Cost

.

Opera-
tins ,:v

Cost

Train-
ing

Effec-
t':tive-

mess

Life
Cycle

Effi;
ciency

.. -

Expan-
sion

Cost

Expan-
. sion

Effi-

ciency

Oicantraifzed'IRIM t
(IM)

1

. . '

1 2 2
.

2 2

1

3 ''
.

tow medium

.

medium medium

.

medium

Centielized COIN

(existing
technolgx)

3 4
.

.

2

4

. . 3

-

3 low medium medium high high low

,t

Decentralized CUM
(existing

., technology)

'
.

.

,

4
.

4

.

4 ' 4 ?

1

4 medium medium medium ethfgh

.

medium . high
.

I

. , . ,

Decentralized CS111,

(new'teibnology)
S S 5 S S

.

.

high medium ,,,high

-

median

1

medium 'high

- High
4 - Above Average
3 - Average
2 - Below Average
1 - Low ''
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SECTIOh Vi

RECOMMENDATIONS IN SUPPORTOP 1985 TO 1995 6

CBI SYSTEM DEVELOPMENT

C

.

. Recommendations for support of CBI system de;ielopment are presented

below: They are based on study findings and assume that a new distributed

computer system approach will be recognized,as the most viable for future

ppl i cations.

-1. Establish a CNET staff management group'with single -point authority

and responsibility for all computer based instructional programs.

ti

2. Establish a management and economic analysis committee with member-

ship fiom CNET, TAEGvand functionals to'develop analYsis procedures, review

proposal_;, And insure valid.economic assessment of all proposed CBI applicaL

Lions. This committee should be supportive of the CBI staff management group

yet independent -for purposei of agement and economic analysis.

3. Conduct an economic analysis to assess life-cycle cost-benefit4or

each of the four CBI alternatives proposed:

4. Deter lab the viable Computer network architectural designs for

distributed prodessing, distributed data base, communications protocol, and

networkloanagement for proposed systems.

5. Prepare an Operational Requirement (0s) to Aentify viable" strategies

Orcintegrating computtr basednstructional delivery systems.into existing

Navy training prOgrais during the 1985 to 1995'time frame.

. .

6. Prepare an, OR to determine the types of software development programs

needed to provide the necessary software support for Navy CBI applications

during the 1085 to 1595timo frame."_
i. ..

., .
e'

I .. ., ..

i ..
I . . a
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7; Determine life-cycle support requirements f& large scale CBI

applidations,duririg the.1985 to '1995. time frame.

1

. \

. 8. Prepari a master plan tgr the continued utilization and support 9f

the eicisting Navy olI system during developMek and integration of the 1985
. .

to 3995 time frame replacement syitem.

le '

6
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MAJOR CATEGORIES, SUBCATEGORIES AND FUNCTIONS OF CBf

COMPUTER BASED INSTRUCTIONAL MANAGEMENT (CBIM)

N

l' Student Scheduling/Sequencing. This' functional category provides

for the control and tracking of.all student activity beginning with registra-

tion
.

and ending with course completion or dprecompletibn termination. It.

utilizes information from student records, entry level test rests,.course,

Aarganizatiod and sequencing strategy,progresS and diagnostic test results,

. administrative inputs; student location control 4i6rts,,tirie to complete

estimates, and-time in process, measures as as Ant alternatives are con!.

tinuously assessed for optimal scheduling. Student assignment, scheduling,

and tracking functions'includei

a. Student tegistration provides for the initializatimof the

student into the training, system. It consists of entering student itiorma-

tion into the training systenfdita files'to allow forthe maintenance of
. -

student assignment, progress, and history records. It also provides student

peofile information for assessment of viable training track alternatives and

/for estimates of course completion.

b. Student assignment and scheduling includes the functions

required to analyze current student status amd,to generate student learning

guides. Student-progress'indices, course organization and mapping,. learning

.resource availability, and progress test response patterns are analyzed to

jprovtdea bases forgenerating.these guides which specify a training path.

This process relates student assignment options to student status and learn-.

ing resource availability and then selects a training path which,best satisfies

the training objectives. 4

c. Student tracking enters the scheduled. activity into the Student,

schedutiqg andtracking phgram as an in -piocess activity when a training, path

is selected.. This activity is then'tracked and is utilized as a basis for

measuring student Progress.

G

54 63



TAEG Report No. 89

e.

A.

2. Module-Lesson Data Bank. The training syitem module and lesson

data bank would consist of a dedicated storage areamithin the training

center computerized common data bale which w&ild.Contain descriptive and

identification information for learning modules andIeisont7within the train-
.

ing center course organization hierarchy-.7.-In addition, it would contain a

description and identification of the training materials, training objectives,

progress and.diagnostic test items and audit vectors for instructional

accountability. The functions within" his category include:

4

a. Training objectives files would fully describe and identify

the training 'objectives 'elated to course modules and'lessons. These train-
..

ing objectives would normally be developed during a front end analysis for

the Instructional Program Development,case. However, objectives could also

be developed for existing programs of instruction through the analysis of

'course content.

-used for student guide generation related to specific module and lesson

assignment. . .

4 b. Training material description and identification records would

be developed for the training material used in support of moduli or lesson

level instruction. This training material identifiCation system would be

c. Test item files would be grouped by module and lesson for

measuring student achievement. These testing materials would also include

pre, post, and diagnostic test, items. -7

t
. ,

.

d. Course audit and accountability includes all of the functions

required to assure the integrity of learning objectives as they relate to

leai4ling materials and test items.

.
.

3. Telling, The training system testing functional category would
.

include methods for access4ng ail test items to be presented during the

testing prixess Test items would relate to the learning material presented

and would follow predefined testing strategies. Item generation, response

Si 64
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scoring and storage, item analysis, diagnostic test item generation, random-

. ization of test item sequences, and test security would be included in this

category.

a. Test generation would be possible for-any module or lesson '

within á course of instruction. Selection and seqiencing of test items would

be generated in accordance with course 'hierarchy iapping,learning module-

-identification, student achievement, and diagnostic test results. Jests

would be generated in accordance with the applicable testing strategy.

Uniqueness resulting from .randomization and customization would also provide

a basis for developing the test security system.

b. Response scoring would.apply to the instructor scoring case or

the machine scoring case in-which a test key is used as a basis for-sooring.em-----

However, the computerized case would allow for a decode of test item random-

zation and would facilitate ab analysis of test response patterns. Conse-,

,quently, greater prescriptive guidance flexibility would be possible for the

cooputerized case.

f

c. Training path selection and prescriptive guidance should be

possible for any type of path selection strategy used by the instructional

designer. This function is difficult and time consuming to implement for the

instructor management case but it is relatively easy to implement for the

computerized case.

'tb

d. Test response storage should provide for short term machine

storage of-all student test-responses. This test response data bank

should be converted to7long term machine readable storage when students

complete training. This data can then serve as a basis for test item analysis

and course effectiveness evaluation.

65
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.COMPUTER BASED INSTRUCTLONAL ADMINISTRATION (CBIA)

,

1. Manarieht and Administration. This category includes all of the

organizational' functions required to adminis,ter instructional programs. it .

is intended-to be ihe'master management control, category for all other func-

tional Categories. The functions within this category include the following:

a. School' management function includes the planning,'drganization,

and administration functions which support'school Operations.

t

. \

$

b. Management policy and control includes all of the management

control mechanisms for assuring compliant 'with management policy. It relates

to the dissimination of management directives, to the communications of

management information for control'structire feedback,,andto the measurement

of management system-effectiveness:.

c. personnel-management-consists-of-the-dita-prooessing-support-

transactions for thd administrative control of staff and student personnel.

-

d. etpygmsinaenComutmaient includes all-of the organization ,

and management functions required for the acquisition, operation, and main'6:

nance of-computer hardware and,ioftiire. Although the Computer:operations

function -wound properly be located within a computer. group, all policy,

standards, and-management control procedures should be
\
under the.direction of

,a training oi-ectorate to assure compliance with training goals and objectives.

. Course organization includes descriptors and\Identifieri for

all modules and lessons within a course hierarchy.

f. Student record control includes all processes related to

student record entries, information access, and training transactions.

I

.

.....
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E.

g. Data control and communications supports policy making for
. information standards, integrity, and security.. Although the data management

systemand the report generation system components would be independently

operable, data control should remain within the training system management
organization. Administrative informatioh should be communicated frorn a single
data-conriinic.a.tions training center to any external ...

organization requiring the information. ,Student data, course data, predictive
,

data,- and effectiveness data could be. used as a basis for systems analysis,

.., , .
, , .

..
..

. . i'
* student assignment, and management control.

-
a

2. Report deneration. This functional category includes all of the
programs required to access, convert, _organize, afid3format data' and to. gener-a

ate data output for display or hard copy. It would also inClUde the. genbra-
, .

don Of unique symbols or graphic displays required for special' use apP1 ica: 4
.

Mon's. The following reports are examples of outputs from OW subsystem):-
.

4 a 1.%

.. .

C

a.- training schedules:
b. administrative..reports .

c. -computer system status reports:
i. configuration management Ateports

e, course/module/lesson evaluation reports,
f. resource management reports',

g., Instructional Program Development status reports
h.. productivity /efficiency /cost reports

student learning guides
3. student progress reports

° I

COMPUTER ASED INSTRUCTIONAL SUPPORT (CBIS)

1. *Training Resource Management. This functional category relates

to the management of training system resources and s ould include all per-
.sonnel, facyties, equipment, software, and expenda les required during
_eiecutiort of..the training process. As a student transitions through a
course of instn. Mn, student station assignment, learningmaterials assign-

.
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.
ment, and instructor consultation will require scheduling and contro1.t

Although this is currently accomplished in most Navy settings the'

instructional staff, there are many cases in which computer based systems

. perform these functions.4

a. Training resource inventory control includes all of the functiont

required toiidentify, catalog, store,"assign or issue, record, and control

all:physica training resources. Although personnel resources can be eon-.

sidereetraining resources, they are not included within the resource inven- *

'tory control function. because their.control is included in the management and

administration functiOn. A similar situation' exists for facilities and

facilities support equipment. Although classrooms an student stations are
. ...

,scheduled by ;resource scheduling programs, facilities managment is not

intluded as a training management function.
k

;'

b. Training 'resource scheduling includes the. functional activity

related to_allocatinglearningrisources (such at studestations andlearn-

ing materials) in such a way as to maximize the efficiency-of resource utitil7

zation and minimize"the student waiting time for resource assignment. Sched=

`tiling strategies should vary in accordance with course 'loading, resource

availability, and student assignment options. Resource allocation records

Should be-amintaiped for analysis and accountability purposes.
a e

. , 0

c. Training resource accountability fuhctions.includeiall of the

activities to the monitoring of.the status; utilization,' and mainte-

nance of'resources. This function .al so includes record keeping and analysis.

of resource use to provide a basis for adjusting resource levels and modifying

resource - scheduling strategies.'

,:.

2. Instructional Oro ramcDev lo ment Coordination. This functional

category includes all of the activity required to maintain schedules for

learlig. material development activity. The training material to be devel-

oped a-wider development will normally add to or replace existing training

. resources and consequently will require planning for integration into existing.

0
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\

instructional systems. The instructional management/plan to be utiliied,:in

conjunction with the new and revised learning mai,erlals must also be incor:,

porated into the Ydanagement, administration, s heduling, and tracking systems.

a'. Instructional program"dd eloPment requirements relates to

needsAsessment and requirements development.. If' the changed, or new require-.

ment results in development which will affect a training program, a tracking

mechanism should be energized dUring the conceptual phases. In this way, the

research; development, and, implementation process will be coordinated-with

the integ:ation of 'the new or revit!d training .material into the existing \

training program and the necessary planning and progi.amming lead time will be

provided. 0,. 9

b. Projram development schedule functions include theplanning

and scheduling activity which precedei Oeveldpment. These functions mould.be

carried out in coordination with the development agent and should result in a

single development schedule Which is tracked by the developers, the *pie- ,

'4 menters, the user, and the evaluator.

\

c. Program development tracking and reporting relates to the

tracking.activitywhich tiket place during the devleopment and implementation

process., It should be accompanitd by information reporting to be used by

instructional program development management andby instructional process,

management.

3. PAfiguratiojimaarnt. Because training materials and computer

_programs are constantly in-a state of change for-the general case, a need

'ex4-ts to incorporate a cohfiguration management system to track changes

P s4uhtion status. It is evident that training objectives must relate

ling materials, while test items must relate to both. What is less

e.ident but equally important is that the course scheduling and tracking-_

programs and training resource allocation programs must also relate to train-

ing programobjectives. As the process of developing training systems becomes

more closely aligned with the development of the more complex weapons systems

to which they must'necessarily relate, a requirement to implement similar

. 60 69
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, . .

configuration control systems will 'become evident. To design, develop; and
/

tmpliMent some.of tbday'smore_sophisticaUd computer based training systems

without incorporating a configuration management system would be to assure
/

future degradation and potential system failure. Configuration management
1

tichniqu4s have been used effectively for many years on all types of computer .._

based syitems and it is not envisioned that the application of these tech-
.

niques to computer based training systems would cause apysignificant problems.
, --,-

Some of he functions which sq,uld be subject to configuration
1

control include:

i

.,..., ..-.

a.' course

b.... facilities'andtraining stations

a.' training equipment and, devices /

1

d,: module/lessO;tobjeatives 'and test items
. >

-el:- learning, materials .

f.-' computer hatidware
. ,

/

... -

g. - computer t4tWare.

Corifiguration manag ntwould provide the needed change contiOl, status
1..

, accounting, and system au it capabilities for continuously- evolving training

applications. It would al ow for operational e ficiency under conditions of
...

constant dingi, a charact ristit which appears/essential in today's dynamic

-
,.

, environm nt.

, i . -
4. ..

4. i Computer Support. For dose functional ca%agories within the.

instructionalonal managemnt sys m which are partially or fully computerized
I

there will be a need to manag the computerization process. Both hardwafe
.

and softw re systems require diagnostic programs for preventative and correc-

tive main enance. A full range*ef maintenance end operation support documen-
,

tatior ."'.id be available for l'fe cycle support. This documentation should

include su h typical information s logic'dagrams, system block diagrams,

operating. ystelm descriptions, ap lication prograips design and interface

specificat ons, data base manageme t organization, and data communications

-.----requiremen s and specifications. All of thit support doc-umentition should be

--\

controlled ithin the configuration management functional category. An audit

.capability hould,also exist for vardatirip the performance of any hardware

or software sub ystem.
q)
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pmputer hardware and software organization shoul.dinclude

bloc diagrams and functional descriptions for all hardware input, process-

-1 g, storage and output subsystems, and the 'operating system and applications .

programs. Data base organization, data base access, art communications

protocol specifications should also be provided together with operating

proCedures for systeM use:

b. Data base organization and management dodumentation should

describe file organization, data formats,

meats, common data pool use, data access,

tion interface. Memory marring for local

data types, data conversion require-
..

data protection, and report genera-.

and shared data should alto be
o

provided for ease of intevating new programs or modifying existing programs.
f

Although much of this information can only be displayed in formats requiring

interpretation by computer specialists, 'an attempt should be made to describe

all data organization 'gip user language and functidnal block diagrams, .

A

c. Program performance functional specifications include all

documentation describing the functional capabilities of applications programs.
4

These functional descriptions provide the Oasis for validating program per-

formance and serve as the primary descriptive documents for establishing

system design goals.

d. Interface specifications would maintain a current file for all

intra-computer and inter-computer hardware and software interface specifica-

tions. This information would be available in theo form of CRT ,play or

hard copy output ancrwo.ild be maintained in accordance with configuration

management standards.

e. Data communications protocol would maintain current files on all

data communications standards. Communications test programs and network diag-

. . nostiC programs would also be included for initialization and monitoring of .

netw6ik-operations.

A
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-ystem operating procedures would provide CRT display,-hard

copy printout or operating manual description and identificatiOn of all system

-operating procedures. Prompting and menu selection in user- terminol.dgy would,
be provided for ease of use by all operations personnel.

g. 'System maintenance support programs 'arid documentation includes

prOgramming for all maintenance support activity. Maintenance procedures,

diagnostics, references to maintenance-doctimentationotools and equipment

listings, maintenance action record ketpind, maintenance analysis reports,

and other software and hardwar* maintenance related programs would providea

semi-automated maintenance support capability.'

COMPUTER BASED INSTRUCTIONAL 6ELIVERY (CBID)

1. ConVentional CAI

2. Computer Simulation

3. Computer Controlled Video

4. Computer Graphics.

1)


