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

“ - ©
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SECTION 1

s

s - INTROOWCTION

o

This report disclisses developments in computer based instruction (CBI)
and presents initiatives for the improvement of Navy instructiondl management ~
in the 1985 to 1995 time frame. Ouring the past decade computer based instruc~"

Instruction (CMI) System, which became operatidnal in 1973, provides a means
for gu1d1ng students through a curriculum of instruction. Iﬁ'presently serves
14 schools at f1ve geograph1c locat}ons The approximate studen+ average‘en
board (AOB) and throughput for CMIL/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

' _16 006 students at six locations. Conmtputer. managed instruction is the largest

comporent of CCI in the Naval Education and Training Command (Zaakowski, ; "
Heidt, Corey, Mew. and Micheli, 1979). ) LT e

- = -
S : 4
.15

The use of computers in the management of instruction also has been _
instrumental in enhanc1ng the Navy's capability for the delivery of individ~

-uvalized instructions. In fact, the extent fo which instruction has been

individualized "... would have been impossible for the number of students we
are dealing with were it not for the.qva1lab111ty of CMI.... It gives a partial
answer to the restraints the Congress is placing uﬁon us for reductions in the

-

" costs of tra1n1ng and the size of tra1n1ng staffs" {Scanland, 1975) '

i

A1l the military services intend .to increase their use of CMI. Table 1 )
shows the projections for'm1l1tary CMI systems planned “for the ear]y 1980s ¢
(van.Matre, 1979). : . . s -

”
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TABLE 1. MILITARY CMI SYSTEMS o e
. 4 .
e . NAVY AIR FORCE ' ARMY T g MARINE CORPS
, - . * CMI AIS C7s AIMS . CBE
Students Daily 16,000 2,400 . 35 - 1,600 2,000
Courses/Schools: . 25 4 . 4 AR AN 4-8 CAI
: - . 40 + CMI
.| Locations 6 T t1. ey 2 o
) Source: Van Matre (1979) e ‘
- .y e . - ’ L]
4 At the November 1979 meeting oft¢he Chief of Naval Education and Tra1ning

(CNET) Experimental Training Programs Pol1cy Board it was pointed out that
-.due 2o technological advances, the current Navy gﬂl system will becofne- outdated
in the 1985 to 1995 time frame. The CNET tasked the Trainj‘ng Analysis and
] Evaluation‘ﬁroup (TAEG) tb>cohduct a study of the current éxﬂ-projected
““state-of—the-art in the technology acoOC1ated with the management apd/or
del1very of 1nstruct1on as a basis for developing 1n1t1atives for the future.1

-]
L]
.

o L]

,"* PURPOSE OF THE STUDY L
Y The present study (1) assesses the state-of-the-art in instructional
management and instructiongl delivery, {2) estqblishés projections of the, .
capabilities for instruétional management and instructional delivery systems .
dur1ng the® 1985 to 1995 time frame, and (3) identifies viable a1ternat1ves to
the current Navy CMI system. . . AR

APPROAC_H ' ’ |
9 & .
- There were five mafﬁr components to the approach used in this study.
- First, an analysis was made of current Nawy CBI syste@s‘id terms o, capabili-
ties ‘and problems. Second, literature dealing with durrenf'aﬁd future trends.
of 1nstructiona1 management and delivery was reviewed. Third, visits were

u -

[N

“"TCNET 1tr Code N-5 of 19 Nov 1979 8 .
’ 4 . o _ Vs
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) ) ment of Navy needs and projected technologic capabilities in hardware,

////’ "7 tn order to arrrﬁE at the»funct1ons ‘of an ideal instructional management

: v * system. F1nally, alternat1ve systems capable of providing the functions were
- ident1fied and assessed for 1mplementat1on constra1nts which would impact on

operat1ona1 use during the-1985 to 1995 time frame. I .

' " .- . k]

" ORGANIZATION OF THIS REPORT

.2 ) - . ’ " . . F

w

L N

!

- C In addition to this introductor§ section, this repori contatns five . -

L]

<" gections and two appendfces Section II describes the major categories of

~

"“~~~~~H‘_£BI, discusses trends in €BI, and prov1des an economic projection of CBI

s_' : developﬁgg;g‘“‘Section IIL-prov1des a d1scu551on of instructional management

“systems. Section IV provides the state-of-tﬁe-art and-trends of 1nstructional

3el1very-systems Section V presents four CBI alternatives and contains an

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

. " Section VI provides recommendations for actions to be takgn in suppoft-df
1985 to 1995 @BI system developnent Appendix A lists the coilsultants con-

tacted during‘ihis study. Append1x B descr1bes~the major categor1es SUbr

categor1es, and functions of CBI. . o

n
LY .

o hd * .

.

o 1
13

. .
» - ’ . - -
8 LI , : &
. [ . . . . .
.

“made to acknowledged experts (listed 1n‘appﬁ;;j§bA) for discussion and assess~

fj ' fsoftwaré, and courseware to satisfy these needs. .Fourth, €functional comﬁonent*'
-e¥ , - of computer based instruct1onal manggement systgga were identified and amalyzed

*

-
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- “ . . CATEGORIES, TRENDS, AND 'ECONDMIC ASSESSMENT .
P ’ L DF CDMPUTER BASED INSTRUCTION -

This section (1) 1dentifies "and defines “the major categories of CBI to

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

T ' (3) proV1des economic progections of CBI developments. Computer based instrue-, ~
/ tion is a generic term used to describe ahy- instructional system in which .
[ B computer capabilities are utilized to manage, deliver or support instruction,b

or to maintain administrative information on instructichal processes. .This

definition does not provide sufficient specificity for detailed_comoarative

. analyses of various systems. However, a generat industry acceptance of two. *

S categories of CBI has evolved, computer assisted/aided instruction '(CAI} and

v , computer managed instruction (CMI) The former is involved 1n the deiivery

. :of instruction, while the latter, in general, simply manages a prOQram of
instruction without a delivery component® Even though these functions are
distinctly different, the fact that they can be employed together 1n.a single
system'has given rise to some cohfusion in terms. Therefore, an attempt is
made in this report to provide a framework for understanding and differentiating
between categories of CBI. - '

"
v . : e

+" - MAJOR CATEGORIES 05 CBI R *
. - , - . ' T .
) Ma jor categories of CBI to be addressed in this study are shoun in
' figure 1. Computer based instructionaﬁ management (CBIM) includes those
functions which maJage 0t -guide a student through an instructional sequence
A " such as testing, response analysis, nrescriptive guidance, and student mon-
) itoring Computer .based instructional administration (CBIA) includes all.of
. . the record- keeping and repofting required for effeetive program administration B
' Computer based instruction support (CBIS) includes igstructional[learning “a
resourcg management and allocation, prOQram.deuelopment coordination, config- ﬂ
. uration management, and computer support functions. The functions included
in each of these mojor CBI sugcategories are shown-in fidure 2. They are
also'described in greater detail in appendix B.

\)‘ ] ) . ! - 7 v
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. Computer based instructional delivery (L..0)} 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 1nstructi0nal

deliVEry 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’ recogn1zed that the adm1n-

istration and support categories of CBI (CBIA and CBIS) will be essential for '

the.orderly and.cost-effective impiementation of Targe scale.CBI systems.

-.‘:u‘.‘:.-. T . » 2

TRENDS

.During the next decade computer deveiopments which support, instructionai
processes are likely to evolve to the extent that all functions which can be
computerozed will be. Therefore, a key decision at this time involves the
choite between a system conf1gurat1on which would result from evolutionary
growth of ex1st1ng'systems and a large scale integrated system developed
unQer an RDT&E prog:zr) in terms of mq&1mum effect1veness/efficiency in the
1985-19%95 time frame. However, a general CONsensus’ seems to be that whatever
general system is selected the underlying genera] development strategy should

include the central management of system and network standards with autonomous .
decentral‘zed proeess1ng and data base control. This general strategqy permits '
- a wide range of local hardware[software options for CBI while requ1ring
strict adhereope to central management policy relating to network configuration,

data base management, comiunications Protocol, and configuration management.

A number of initiatives will be required to implement this approach
among which will be the phasing out of the existing Ndoy CMI System and a

-

~

) phasing in of a new CBI system with greatly expanded capability. A major

contributing factor to this situation is an increasing trend toward the use
of unique.computer tra1n1ng applications ar151ng out of spec1a1 tra1n1ng
requirements such as elecrronic warfare training and nuclear power training.
Since it is relat1ve1y certain that this trend will continue, the instruc-
tional management’network of the fufure must allow for inclusion of these
un1que app11cations within a global nmnagement structure. This can only be

10 15

"

-
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accomplished through centrally controlled policy development and the ‘estab-
Tishment of explicit standards for computer based instruct1onal network

4

membership: -4 "

Computer technology has developed to such a polnt that computer hardware
cost has become a secondary consideration to computer software cost. The
following. paragraphs address. the underlying economic considerations wh1ch
have,bnought about this change. ‘

£
~

ECONOMIC ASSESSMENT OF CBI -

[

9‘

The feasibillty of adopting new improvements in computer technology for

) ~computer based training applications depends upon both technical effective-

ness-and economic. effic1ency The tekhn1cal effect1veness along with some

.lns1ghts into the future course of developments in instructional technology,'

is addressed elsewhere, in this repo?t New and improved computer technology

--. Which w1ll support effective tra1n1ng'1s a necessary but not sufficient

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

of any improved tachnology 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 tné Navy training system. Economic
anglysis-is an analytical procedute for oetermining the cost-effectiveness of
alternatives;for setisfying training‘objectives. . . -

e

As previously mentioned, this stody-focuses on the anticipated stqte of
computer technology as it will exist for the period 1985-1995 and is.designed .
to provide policy guidance as to the appropriate planping'oecisionslnﬁich
wil] enable the Navy to plan for tﬁé most cost-effective, long-range training
system. Since the study does not address any soecific training system alter-
natives, it is iﬁhppropriate to provide an economic analysis supporting or’

* recommending a specifig long-range plan for either accepting or rejecting

-

projected computer technology Spec1fic recommendations will depend on the

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

training requ1rements exist1ng resource configurations, and relative resource
prices*

f. v n 16

£ . : .o -
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TRENDS Ik COM&UTER PROCESSENG COSTS. One of the most important considerations
- in determining the economic desirability of adopting new and improved computer -
. technology is the re1opive productivity per dollar spent on both the old and -
new system. Any training task can be accomplished with an almost infinite
set of resource combinat1ons Which set is the most economically efficient
is determ1ned by both factor productivity and factor cost. Any disproportionate
change in either prcductivity or cost will ultimately.requ1re 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 been a substantial increase in productivity and .
both ‘total cost of hardware and"avefége processing costs have dropped o}e-
cipitously, These changes make it imperative that the training systém be

" reconfigured in the Tong run to more fully utilize and capture the efficien-
cies of the new computer technology

k- -

L

The trend in productivity for hardware has shown phenomenal improvement
over the last several years. Most experts believe that this rate of improve-
ment will continue through 1990. If such improvements:do continue, then

_ processing°speed_in 19§O‘is‘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 sigrificantly to more cost-effective .
computational fagilities. Trends in costs of microprocessor chips are illus~
trated’fn,figﬁre 4. It is expected that the cost of a 16 bit microprocessor
chip will cost Tess than $10 by 1990. The cost of a 4 bit micropfocesso?

" chip'will be less than $1.) . SR
v * ! 3

The cost of memory is also going dowo. ‘If prosont trends continue, as .’
they are expected to do, the 1990 memory costs per bit will be less than 1
percent of the, 1970 costs. This trend is illustrated in‘figure 5. The net.

-'result o? improvements in microprocessor.éosts; processing speed, and memory
costs has resulted in an extremely rapid decline in average storage and '
proceséing cost’s. ProJections through 1990 indicate that the average proces-

sing costs will be Tess than 1 percent of the 1970 processing costs as i1lus-
o trateddn figure 6.

ERIC e - 17 | -
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- _ During_the same oeriod {in which the productivity of computer technology
" was jncreasing and costs were dropping), the average labor cosis in_trafning
-have been increasing. This change in relative price ratios shifts the economic
~advantage to those alternative training systems which utilize computers to

" substitute for the relatively expensive labor. -

'SCALE ECONOMIES Scale economied occur when average training costs decrease
with increases in the number of students frained or size of the training
systems. These economies can be datiributed, in part, to_the opportunity to -~
use capital which is highly efficient. Until necentiy, it was necessary to
use large comput@r hardware systems in order to »btain the computational
capacity and speed ngcessary for training systems. It has simply not been
economleaily feasible to develop a computerlzed training system for many of
the smaller training systems. .Courses and/or training syftems with Targe
) throughput were the only ones which could obtain the necessary efficiencies
N L to justify a computerized trainihg system, The new deveioannts in computer
. - technology have changed the cost funciions in such a way that it will no  « .
N ", Tonger be necessary to have a iarge thfougﬁpﬁt in order to capture the scale
‘ economies. The importance of scale of operations or the size of the training
X systems is becoming Tess of an issue in the cost effective calculation.

e

SOFTNARE DEVELOPMENT The rapid 1ncrease in the techn1ca1<capab111ty of’the :

hatdware has provided the opportunity to yse the computer for more 9ophnst1cated

and w1despread appl1cat1ons However, these uses‘often require the development

“ of unique software packages Software development is extremely labor-intensive
o and, therefore, very costly. The increased use of hardware will require

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

# : software costs wlll be the dominant cost factor in the selection of a com- o :
puter1zed training system Thisf1ncreased cdst can be attr1buted to the
st -~volume -of software~wh1ch mdst be deve]oped and not to 1neff1c1enc1es 1n _the e

L — __—__‘..

development of software. - :

- , . . N i3 -
*  The total software development costs depend on the quantity.of software
- which must be dev91oped as well as the efficiency in developing software. -

The 1ncreased software costs pronected for the future result from the fact B

. 1722 . . ’ .
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) that with widespread use of hardware there will be a greater quantity of _ «
software required for the additional systems. Tending to offset this increase .
in the cost of providing more software will be a.decline in the average cost ‘
0f;developing the new software packages. 'This'decline in average“cost will . .

be due to the development of moré sophisticated high Jevel programming Tan-
guages. -These programming languages: wi]l be highly user-oriented and will
reduce labor requirements for develop1ng specialized app11cations programs.
: The total costs of developing and ma1nta1ning the high level programming
' languages will be h1gh, but®these costs gan "be amortized over a large number
of applications wh1ch will tend to drive down the average cost.
Almost every potential application of computer teéhnology within the
Navy will involve changes in training programs. The extent of changes which
are ecorom1ca11y eﬁf1c1ent is one fundamental question which an economic SRS
"~ analysis must answer. A rational ana1y31§ would involve a study of each com- -
ponent of the ex1sting training program to determine which component or module
, can be efficiently computerized. Since we seldom start from "ground zero," -
there is a need to evqluate the existing capital resource base én& determine
the most efficient means of integrating the new computer technology into the
exisping system. ~ The total replacement of sunk capital will seldom be econom- ;
‘ ically efficient, especially in the-short run. However, in the long,run_itf ¢
may very well be_more efficient to plan for total replacement. Each problem
requ1res a spec1f1c anaTyS1s, and that analysis must be based on an incremental
approach, _ - : ‘ v
SR The efficiency of each-candidate system in‘ﬂgeting'the various management
and de11very funct1ons will undoubfedly differ. It would be unusual to.findsa -
51ngle romputerized system which would be mpst efficient in carrying out all ‘Efl
»management and de11very functions. The computer system’ ultimately selected
wee. - for each application must be one which results from a melding of the various T
«performanée requirements with the most cost-effective computer system for
performing the composite of.those functions.

. .
N #
. L] ‘ . ' -

.
i
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-

INSTRUCTIONAL MANAGEMENT SYSTEMS

. &

INSTRUCTIONAL MANAGEMENT SYSTEM MODEL”

~ -

u

A general mode] js presented here relating general management functions o
et .t ‘instructional management functions. It shows that the instructional

“management process is pot unique, and it is suggested that established manage-

mént techniques, when properly appl1ed to 1nstruct1on, can result in greater
management efficiency.

. v o
.In spite of the fact that state-of-the-art instructional management
o systems are structured in a variety of ways, they nevertheless exhibit common
. management character1st1cs These characteristics dinclude planning, organiz1ng{
" command/executing, coord1nat1ng, and controlling (George, 1972). A.general
° management model with these functional elements is represented diagrammaticall}
’ with the addition of‘an evaluation function and-feedoack Toop in, figure 7 .
Without a feedback path, the system would operate “open laoop" and the output B
-product could deviate 51gn1f1cant1y from p]an
With this genera] model, it {s possible ‘to relate general management to .
R nnstruct1ona1 management. This relationship’is presented diagrammatically 1n’;w,,é—lf
f1gure 8. For the instructional management case, the task becomes- one of
manag1ng a training systei in which the Tearning process consists of develop1ng
- sk111s, knowledges, and attitudes. Entry test1ng prov1des a student input
b '"meas re; progress testing allows for progress evaluation and prescriptive
P gu1dance during the Tearning process; and output testing certifies that
‘ training objectives have been satisfied:” This model can be used td compare
-speciftc pes of 1nstruct1ona1 management systems descrtbed in subsequent
paragrapi, in terms of the degree and efficiency with which they are capable -
of acc Jishing the identified. function. It is, however, not meant to be a
comprehensige model of the instructional management process

: Q T \ . &]9.‘?4 ) ':-
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‘lMost'current instructional management systems can be categorized as
instructor-based instructional management or compgter-based instructional ' e
E— .smanagementr~—ihe-Tnsfructor based. case relates” ‘to traditional methods of
‘ 1nstructiona1 management without benefit of computer sufport. The computer-
based case relates to computer-supported 1nstructiona1 management and adminis-
-+ trative data handling processes. The disfinctions between these two generi¢
T éategories are blurred by many possible types of application of the computer . s
{ft the. instructional pracess. For example, an instructor-managed system'in .
which student training and administrative data are stored in and.processed by '
By a computer might be termed a form‘of computer-based management. However, in
" thfs study, the term computer-based instructional management is restricted to
‘ ‘ computer management of 1nstructiona1 processes and not to computerized '
e —~~admintstrative, support—‘or déiivery processes.. The primary yeason for this
C differentiation is that many existing CMI systems provide administrative -
‘ information processing and direct computer- -based delivery of {instruction. .
These systems would properly fall H1th1n the category of computer-based
"instructional systems but not totally within the subcategory of computer-
based instructional management systems. _ ’

§

4

. In-this study, the cancept of computer-based instructional management
will "apply to a range of computer supported functions. The winimal ‘case is
N the use at a computer for test scoring. This would be similar to the instructor-
. based nagement case with the s.agle exce ion of computerized test scoring.
¢ At the opposite end of the computer-based finstructional management spectrum_
would be the hypothetical "training factory" (Baker 1978} in which all training. N
management functions are computerized In assessing the dozen or more instruc-
tional management systems which are currently available, or any other alterna- Yo
tive which might be designed, several key issues must be addressed to insure '
successful implementation: (1) Are they applicable 1n all training situations?
"(2) Are they now or are they projected to be economically efficient/effective? .
(3) Are they operatfonaily and ]ogistically supportable over their Tife )
cycle? (4) To what extent are they subject to technological or functional
- obsolescence? (5) Do they have top management support? (6) Is the user
conmunity committed t6~the implementation and ma.atenance of the system? (7)
Is fonding support assured for the life cycle of the system? Technological

: O~ . W 22 29 . - | e
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‘ 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.

-

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

oBTH‘SYSTEM‘HHRDWERE_KNU—SU?TWHRE ARCHITECTURE ' ”

RS
T

Trad1t100611Y. computer based instructional systems have consisted of
one or morg central processors comunicating with a number of time-sharing
terminals. This arrangement provides an 1nteractive input-output capability

and administrative data° handling functions. For the typical case, this
arrangement is still considered to be .a relatively direct and effect1ve means
of satisfying computer-based instructional system. requ1rements ,However, as

't\e application of‘computer-based “instructional fecﬁnology beconies more

widespread and as computer network architecture technology and capabilities
evolve, additional Tonger range considerations become apparent. It ‘should
first be determined if the application of computer-baséd instructional tech~
nology in Navy training is Tikely to increase during the long-range planning
period and, if so, at. what rate. The results of this determination should
then be uséd to project the sequencing of integrating CBI functions into

) ekistimg training systems When this instructional technology need/capability/

1mp1ementation proJection has been completed. system architectural alternatives
can be developed For the case of Navy training, it -is envisioned that the
development and implementation of a Navy-wide computer-based instructional
management system would be more extensive than any computer-based training
application currently in dse. 8ased upon an analysis of state-of-the~art
systems, the following system characteristics have been identified as develop-
ment guidelines ‘ .

| . . . -

”

1. ‘ System hardware architecture should not reduce procurement options

'to a single supplier for processing, storage, or communicati ons’ compnnents.

2. | Software architectural design should follow state-of-the-art ' : L
thinkin= in relation to user oriented high Tevel Tanguage development, : .
structured programming, program modularization. ustom operating systems, ,
documentation relevancy, and system wide software compatibility

L4
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3. **pistributed retwork architecture should provide a data base design

which alTows global network data access only where required. Local data base

control”snould be the general rule wherever practicable. In-addition,——

*~ standards for communication_protocqlg_data_handlang_software,_message—ionmatsu——-

and data base management should be developed to preclude a dependence on
single supplier systems. It is. highly probable that computer based instruc-
tional management systems will eventually interface with large numbers of

~ unique processors (intelligent terminals, special training devices, CAl
systems, video graphic teyminals, and videodisc controllers). System: commun-

ications standards wﬂl be essential if 1nterface compat1bﬂ'lty is to be
achieved. , . ’

LY
-

- ——

‘4.  Computer software management systems together with effective con-
figurat1on,contro1 systems are essential for any large scale computer-based
_,development Department of Defense (POD) software management systems have >
been evolving for a number of years 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 s
16P0tta"t that control be exercised by training program management. -

.

-

In assess1ng current state-of-the-art systems it appears that the issue
‘ again becomes one of implementation consideratiqgs The hardware and soft-
ware are aya11ab1e today to mechanize/automate almost any.training function
envisioned. Computer cost 1s decreasing and manpower cost ' is increasing,
both at rates which are 11ke1y to bring about wide app11cation 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 frame.

A4
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STATE-OF~THE-ART CBIM SYSTEMS

IE

HES

L4

The-appTication of CBIN, often referred to as computer managed instruc-’

_m_ftibn_(CML)j—has grown—steadily during the past decade.- fen private and

public sector applications were jdentified and analyzed in 1974 (Middleton, -

Papetti, and Micheli, 1974). Although growth s the number of systems has.

not increased significantly since then, student Toading has continued to

‘increase and system characteristics have continued to evolve. The Navy -
training CMI system is an example of 3 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 of a decentralized (base Tevel autonomous operation)..system,-which-——— .
like the Versatile Training System (VTS), the Aviation Training Support '
System (ATSS), and the Army ﬁutu@atqd Instructional Management System. (AIMS),
appears to have many of the necessar& CBIM charé&teristics. However, training
center or school-based systems such as these require extensive instructional
p}ograﬁ Qevelopmént,'computer programﬁing. and Eonfigqration'hanagement
support: These. support requirements, combined with significant front-end .

' inve_stment.iéve‘ caused some extension in the implementation schedules of tha
above systems. The long-teﬁﬁ payoft still appears on the horizon, but short-
run éxpgpsion schedules are not expected to meet original goals.

j ! . e a . -
State-of—the-art'mf?iiary CMI sys;;As Hava,been.hetl described in a
‘humbgr of studies (Orlansky and String, 1979; Zajkowski, et al., 3979;

) Middleton, et aif. 1974) and therefore are not described in detail in this
- report. _ : . %
CBIM TRENDS . - - B -.

P
L]

During the course of this study, many valuable concepts relating to
- future computer applications in‘instructionql management ywere offered by
experts in the field.' This expert opinion and the examination of related

Jsince the primary intent of this study was to forecast developments .in come:
puter based instruction, emphasis was Placed on discussions with experts in
this field.- 'They are named in appendix A. | '

! 25 . ’
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research led to the demelopment of two major conclus1ons These ecanclusions

are nresented_belowﬁwith—sueportTngsratTeﬁEle ' 5

- - 1. There is'a high probab111ty that the use of CBIM will increase
. sign1f1cant1y dur1ng the 1985 to 1995 time frame. The trends 1dent1fied
.+ which’ support th1s position are: , k

‘ b
’

decreasing computer system hardware costs e
.- 1ncreased software development efficiency

.1ncreased capabiTity of applications software

‘ w1der user acceptance of computer-based app11cat10ns

——n ¢

o 0 oo
. . -

o ———— -

R Dur1ng 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 a. -global computer inter-
communications capabitlity which appears to be a ‘necessary goal for system

management and control. The trends jdentified which supgort this conclusion
are:

- -
-

a. Small, powerful cemputer systems will be ava11able at Tow cost
for remote stand-aIOne operation. -,

LN

b. Re11ab111ty, ma1nta1nabil1ty, supportab111ty, and versatil1ty
f1gures of merit for stand-alone computer systems continue to improve.
c. New network architectures wh1ch allow for distributed data

base management, pemote process1ng, and central network control are continu-
ing to evolve. *

)

d. A strong trend toward stand-alone CBID, as evidenced by current
CAl and device based training applications, will bring about a requirement
for interfacing these delivery systems with instruct1ona1 management systems.
This can be accomplished most easily with a h1gh1y decentralized CBIM\capa-
bi]ity under control of a global network manager’.

r
: i LA, -
- F I . ~
’ - " - o 3
4 -
f
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, .+ INSTRUCTIONAL uELIVERY SYSTEMS . | Ca
” This section defines key terms in instructional delivery, supmarizes
major categories of instructional media, provides a brief analysis of selected
%t " media/delivery systems, and identifies trends in media development. In this
g report the term "media" will refer to the means for presenting instructional
= : material to learners; for example, books, audiotapes, and filmstrips~(see
CNET Instruction 1500.12}. The term "instructional delivery system’ will refer ~
*to all of the elements: with which the student must interact during the learn-
' ing process to achieve instructional goals The structure of this delivery
__— - system determines to a major extent the organization and presentation of
~ information pertinent to training. In other words, an instructional delivery
system is composed of a student, a method (or instructional strategy), and ° o
~'some form of media. One of theesimplest instructional delivery systems might _ -
consist of"a student. and printed instructional materials, while one of the

most. complex might combine the student with an interactive adaptive CAI
. system o w : )
Factors that must he considered in selecting media for the instructional
delivery system should include the nature of the tasks, learning strategies,
media types available, costs of alternative media mixes, state of development
of proposed media approaches, and resources required ‘for courseware develop-
" ment. TAEG's Training Effectiveness and Cost Effectiveness Prediction (TECEP)
technique (Braby, 1975) is a procedure for choo§ing instructional delivery

systems. It is useful in defining strategies for meeting training objectives,

-

. , choosing instructional delivery systems for carrying out these strategies,
P .and 1de"tify1ﬂ9 the relative cost of the alternatives. However, experience

- . with "the TECEP technique has shown that choosing an Optimum instructional ,
- . delivery system for military training objectives is a subtle and complex <’

decision making task that cannot be completely proceduralized. Furthermore,
users of ‘the TECEP technique must possess expert knowledge of media. The use
of TECEP, "however, should result in choosing the most cost-effective instruc-
tional delivery system )

R o 34
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CATEGORIES'OF'INSTRUCTIONAL MEDIA ' o . "

§
I

_ Braby {1975, table 16) lists a "Hedia Pool" of 89 types:of 1nstructiona1

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

audio-only systems, visual-only systems, audio-visual systems, CAI/CMI, simu-.
lated .and operational systems, and special or nonstandard items. They .are the

'maJor forms of 1nstructiona1 media being used or. being considered for use in
"gnilitary training systems. Examples from each category ar€ shown in table 2.

ﬂnother categorization of instrmctional media is shown in table 3.

~ I

o

- As a matter of interest table 4 is includedjto show how 42 Army instruc-

tional media were grouped into 12 “families" (Silber, Bennick, Butler, and
Beneschr,}978) - ' j

Videodisc and 2 -0 interactive. computer graphic display systems have a high -
potential for innovative application in training They also have a great deal "

~of power in 1nformation transfer technology as well as possessing the possi-
bility for 1ncreased achievement and transfer of training. These systems will
be discussed in more detail in Tater sections of thi's report:

A

 STATE 'F-THE-ART OF. INSTRUCTIONAL DELIVERY SYSTEMS

" The following paragraphs d?SCU§S availabie media in terms of their capa-
bility to 1mprove instructional efficiency )

Fl

. ’ v - P S ’,‘
To effectively design an instructional system, the training system a . t
designer Mmust know the capabilities and Timitations of various,media_and their
related costs. A voluminous and. detailed report by Rhode, Esseff, Pusin, . LA

Quirk and Shulik (1970) has assessed the available conventional media in

terms of their instructional flexibility, support requirements, and initial
and operational costs. The reader is referred to this report for detailed
information on specific conventional media. However, several new learning

4"

o media are-deserving .of some special attention because of their high potential

——

in various aspects .of the delivery of Instruction. .. ) .
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2 . TABLE 2; CATEGORIES OF IﬁSTRUGTIONAL MEOIA (Aftei Braby, 1975) .
. Print Materials: books,' self-scoring exercises, programmed
’ ) text, study card sets -~
: ; E Audio-Only Systems: audio tape‘system,'dialz access information
retrieval system, language laboratory
1% v o ) " .
e S . Visual-Only Systems: microfor'm, “panels, mockup, ste projector
¢ - . system, teaching machine oy
Auydio-Visual Systems: carrel, motion picture, teaching machines,
_ ) television (closed circuit, videodisc-and
- ’ _ /—-video tap’e systems)
< | cAremr: : PLATO 1V, . TICCIT
! Simulated and Opéra- . on-line and off-line computer s1mu1ations,
' tional Systems: lTogic trainers, Operational equipment - -
, : : synthetically stimulated, simulators
'Special and Non-": automatic rétérs, dry carrel, classroom . =~ -
standard Items: T - ' L by
‘ -
T TABL'E 3. CATEGORIES OF INSTRUCTIOBIAL MEOIA (After Logan, 1977)
Programmed ‘ . T
ETV . Radio - Text CAL/CMI Audio-Visual Lecture
television 2 computer- audit; - ' -
video ’ programmed based audio tape %,
video tape text . systems - audio recordings '
: . j ‘ — ) audio-visual
) ) '\\\ 1 ) fill’!‘ls -
+ . ! ' ,‘fﬂmstr"lp i
‘ . . ’ IR motion pictyres.
. multicolor ~
- . . ’! I N . yisual
o : . » sTide |-
. L. i - . . still pictures/ ' ”
. . : graphs X .
. v . o tape/slide ‘ .
- . . © transparencies
_ . .. - visual
29 3
- 6 N .
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TABLE 4:

CATEGDRIES OF ARMY INSTRUCTIONAL MEDIA
(After Silver, et al,, 1978)

= -

]

. r——

,»mJob-Mqtenigls' ot

Field Manuals - (FMs)
Technical Manuals (TMs)

*ITOT Technical Manuals ‘ .

Printed Materials

=k

N
i

TEC Print ) :
Cgrrespondencg Courses )

-

Training/Combat Literature '

Sofd1er s Manual/dobﬂﬁﬁoé )
Skill Qualification Tests (SQT)
Army Training and Evaluat10n Program (ARTEP)

Instructor with Standard Aids.

. Class Packets
Charts/Display - Board;
Overhead/T* ..sparencies
Models/Fuckups

Audio-Only

TEC Audio-Dnly
Language Labs (GEL)

Audio-Visual ‘ - o ¥

" TEC Audio/visual (BESELER CUE/SEE)
Slides/Sound Slides
Army Training Films

Television/Video Record1ng

Classroom Closed- 1rcu1f]Telev1s1on {ccTV)
Television Trainen (TVT)
“Video-Disc

Computer—Assisted)Manag d Instruction (CAL/CMI) °
. Remote-Access PLANIT ’

PLATO IV/TUTOR
ABASCUS Computerized Training System (CTS)

e SRR A Il
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CATEGORIES OF ARMY . INSTRUCTIONAL MEOIA (continued)
(After Silver, et al., 1978) ,

L

Embedded Tradiigg (ET)” ' T

-

Operat1ona} TACFIRE PLANIT
TACFIRE Training System (TTS) .
- TACFIRE-Subsystem Team Training (TSTT)

Training Dev1ces/$imulators

" Sand Table
Fire Control Simulator BT-33
Observed Fipe Trainer (OFT) ‘
Artillery Oiréct Fire Trainer (AOFT)
M-31 Field Artillery Trainer

- Tactical Engagemené Simulations (TES),.

SCOPES
R%ﬁLTRAIN (Exercise for Combined Aring Elements)
MILES - .

Command/Staff Battle Simulations

. Tactical Exercise Without Troops (TEHTS)

CPX Simulation Facility

~CAMMS (Computer Assisted Map Maneuver Syst%m
Combined Arms Taetical Training Simulator ATTS)
FIREFIGHT. N

DUNN KEMPF. - , C )

PEGASUS

First Battle’

'
r

h)
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- The current typical Navy delivery system is based primarily on print

. media moderated and managed by instructors (plus some use of conventional

audiovisual media). "This approach appears to ‘have reached its Timit of appli-
cations effectiveness. Not only are marginal efficiency improvements very
'small but usage is mismatched to the current training need (Bunderson, 1979a).

(3
&

Just as conventional audiovisual media have been integrated into the

] instructional system by:matching them and their specific advantages with the

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

" medfa; e.§. ,ecurrent CAI systems and the other more sophisticated audio=-visual

media siich as videodiscs. Their successful use requires analysis of their
strengths and Timitations through continuing research. For example, after‘20

_ years of CAIjsystem research it has been established that the primary benefit
. ’ X _ ) \
- 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, 1MI “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 § and 6, reproduced here to show the effectiveness
of CAI and the extent to which i eing used operationally in Navy trainingi

_'The roots of ‘computer applications for the 1980's exist now, and there is not

much Iikelihood that new design concepts will change how they are applied.
Chaﬂ!es will most Tikely be Timited to scale of use and in who will be using

 them (0ffice of Technology Assessment, 1979). .

Two relatively new forms'of.instroctional media have great potential for
future instructional delivery sxstens, namely, 2-D interactive computer
graphic display systems and videodisc. 2-D interactive cofmputer graphic
displays probably have more potential for wide application during the 1985 to
1995 time frame than any other CBID medium. This delivery mode can provide
visual 2-D simulations with keyboard, Tight pen, sonic pen, photo sensing or

. touch' panel student interactive capability This interactive feature can be
~ used in combination with direct input 3-D training compoﬁents and other '

peripheral equipment for a’'fully integrated training system capability.

T - ag
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TABLE 5. SUMMARY OF FINDINGS ON :..AI AND "CMI, COMPARED .
" 70 couvsmromt_ INSTRUCTION' . -
& . . . \
Measwre . ‘°°'“.'".'°"‘° Conventoral '“"“‘""’ Comments
CAl CMI s T
4 Student Achievement | Seme or miore )| Seme Porformance messursd only at schoel.
: - Relation between perfornance st schesl
*and on the job not dembastrated.
. Observed ditferences not of puinl
N 5.2, importence.
Course Completion | Mo, of 0 ' M Most e savings mainisind
Time Compatisons or incresssd with extonded e,
(Median) 2% % '
Ronge . | 31 1089% | 1240 88%
Comparisons 5 7 g saves
— thet of Mm )
Time saved °
fodividusl A% 51% N
ol - . &
, | swuction . P ’
T %% | CWISI% '
Subont Atiton | Abewttsame . | Sightincresse | CAL: very lmvted dew
R may occur CM; pos dectine in student quakity|
Smdont Atttodes | Favorsble ¢ Favorable . ‘
T wstructor Ayiudes . | Unfavorsbie Unfaverable |« Vory Sovited data.
’ '] ~Litde sttention given 10 instructers.
: “Less, due 1o Less, due to stu- .
Cost | sludent time savings . _dent lime savings Oata Smited and incomplete.
Cost-sffectivensss ) -1 Not known m cost dets are limited .
. - and incomplete.
q . o
. Source; Orlansky and String (1979) )
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e . TABLE 6. COMPUTER-ATDED INSTRUCTIONAL PROGRAMS PLANNT 'IN PLACE IN NAVY TRAINING
‘1;‘ a - "
N ) - Nusber of Students . '
CAL Identification Trainin) Use Stations . «Locations . Hemarks
. TICCIT {MITRE/Hazeltine)s $-3A L Undetermined Korth Island o tise "
¥, & : ) ; Ceel) Fleld . ; |l .
- - 3 . - i l
- EC~243 (Educational - ) AE ) 9 Memphis. - 14 systems under
v _Computer Corporation’s N . contract
! . 2- and I-dimenstonal - AS 103 Hemphis 8 systems
e . . panels with CRT), - Marine 106 Camp Pandleton 27 systems . -]
e . T Karine 60 . Twentyaine Palms <200 additional stations -4
5 . . v gﬁ\'ﬁlll Undetermined | Undetermined ¢ o
" SETS (cenersl Electric, " TRIDENT (strateglc . ) : -3
P computerized, selfs Weapons Training) lf Bangor -
T o e ooryctive TRIDENT {Enggncering T2 ‘ S
réining console ngineering - Bangar .
4 . : Operltions Training) * * ot
' - . hd £} =
Device 20517 05 *A* School 60 Undetermined NTOS Training . ._°
. ) . . . FY 84 Implementation
' “doey ' ' v 9.
L -G {0} ¢ System CT “A* School 15~ . Undetermined Basic Cownlcltinns/l 0
) . . T . . CT message handiing -
uc'n_ Designated . Fe10 . Undeterwined Undetermined Planned for Future
} Davice 10H) €W Operations 60-70 Corty Fleld 300 tearning Carrels |
R " : and Haietenance N -will be under CH1 . |
;- ' ¢ . * . '
: Source: Zajkowski et al. (1979) ‘ :
i:‘ - - 0t ) l ’ - 42
. Lo ; i.
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. ¢an be used to deliver information. in a small fraction of the space required

. .and’ Campbell, 1979}, : e N
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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
accompliished very effectively on such systems as TICCIT, PLATO, -and GETS, but
the cost is still ‘too high to justify wide scale application However, the
success of these systems along with projections of decreasing costs, makes

this type of delivery very promising for future applications Perfo;mance-

based training and testing appears to be a major des1gn goal for future
training systems ;

Videodisc is considered a revolutionary development Jh treaining tech- .
nology because of its mass informotion storage capaoilities and the flexibil~
ity 1" media‘materials which can be- storéd. It can store all displays that
are nou delivered on any audiovisual medium, such as’ color sTides, super 8 mm
film, videotape, or motion picture. . The l08 000 video pages-of a single disc

by print documentation It integrates. the features of Several different
media into one simple storage and retrieval system. However, the authoring
and production of one single master videotape of such materials prnor to
making master videodiscs also combines the problems of these média (Bunderson

<
L

Bunderson, Juivis, and Mendenhall (1979) studied the implications for
the videodisc authoring process of the following eight areas: the delivery
system used (manually controlled,r microprocessor controlled computer con-

,.ﬂ_nmf_ﬁ____,_tro]]ed_nith ‘either_a CAI or v display}; media selection during ISD; instruc-.

~ tional strategies, author mock-up and simulation prior to premastering, pre-

mastering; mastering and replication, composition of videodisc authoring

- . team; and eva]uation These researchers conciuded that although optical

e -'—mnm‘-ls"i‘w sl g er SR SRR,

H

1
h

videodisc technology and its associated authoring technologies can be expected ‘

te be undergoing change during the next few years, videodisc has signif1cant
potential as a new media delivery system alternative for the Navy. Howover.‘
they recommend that the Navy should not plan te use videodiscs in* the jmme-

.ate future but that the Naval Education and Traiwing Command (NAVEDTRACOM)

«uld track the development of the_field They further recommended that the
; 35 "
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Navy should conduct R&D involving the development and mastering of a series
of videodisc strategies on promising dalivery system alternatives.

L
w " 9

lt is interesting to note that Fox .(1980) believesﬁtbat only Timited
research -is rieeded. He believes it is possible to demonstrate new approaches
for instructional management and.delivery systems by applying state-of-the-
art instructional technology in existing classroom settings Fox {19
developed a microprocessor-driven Visual Image Controlled'fvisﬂ’l Con) pro--
Jector. His stand-alone instruction. delivery system presents instructional
N 'naterials}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
nncroprocessor This microprOcessor can then function as a master controller
' for both instructional management and instructional delivery. Fox has seen
no serious problems associated with current v1deod1séFapplications and
- -heTieves it is now ready for use 2s an operational component of new instruc-
tional ‘systems. ‘

TRENDS

"Anything in the market place in 7988 is alreédy in the laboratory in
: l978“ (Fields, 1979). ‘The "building blocks" are believed to be known. - What
will be done in the future is a combining of the "blooks into systems and
applications . : : K

According to the Office of Technology Assessment (1;59). "the.roots of
most new computer applications in the 1980's exist now, and there is not nuch
"~ Tikelihved that a new concept of computer design will change the way we use
. them. ﬁhanges will be in scale of use and in who will be using them."
Bunderson (1979b) states that it is not possible for DOD to maintain
.conventional methods orfented around stand-up instructors and printed materials
"since training budge*s are being cut every year. MNew courseware forms and
new delivery systems must emerge. These new systems will be dependent on the
' ﬁ&despread distribution of Eomputer based delivery systems"

36 . ‘dfi
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In.the early 1980's ‘small personal computers nitﬁﬂljjﬂie : 5y will be "

available to provide answer analysis and feedback, prompting help, and diag:
nostits. The videodis " used increasingly as a medium for distribution
of inst It winl become competitive with other delivery Systems Such
as audiocassettes, deeOcassettes, floppy discs, .and printed pages. Print and
audiovisual media-will be transferred onto videodiscs and microcomputer-based §
' systems It will be cost effective to transfer existing courseware products

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

system such as a videodisc player.

LL . - = e
] . .

‘ The cost of microprocessor and memory module components which provide the
' cOnputer 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 systens will be 1imi ted primarily by
’ sof tware development cost. Even in this relatively high cost area, many
software advances are being made for entering and storing graphic information
with Jow cost direct 1nput 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 infovmation. _ .

'y ] L)

. ‘\. .
~ CAI will become more common as computer-based delivery systems becone
‘ ‘more widely used. The trend will be away from linear or fixed variety media'
.which just present information. The trend will be to provide interactions .

between the trainee and media. .. — R

. In addition, intelligent courseware, or intelligent CAI (ICAI) win
fincrease rapidly. Strategies such as the following will be used: siaulation ‘
of a -performance environment (e.g., troubleshooting a circuit), diagnostic ..
,  Model of the trainee s status (e.g., diScrepancies in prOcedural knowledge),
1nrescriptive model for tutoring a trainee {(e.g., giving hints for trouble-
‘ shooting) (Bunderson, l979b)

In the late 1980's and beyond,'total distributed instructional delivery
systems will be avaiTable. The System will be stand-alone with‘intelligent‘
i terminals. The learning station will have the storage and display character-

45
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_

- _  istics of uideodiscs s0 4kl audiovisual courseware ﬁilf be dispiayed 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.vatcording to .Scanland
- {1978}, will increase‘due to the severe reductions in EDTRACOM resources.
., At some duty stations, instructors may not be available whereas in
l-'_schoolhouses they will still be essential, though their rotes will change.
They will function in ways computerized systems cannot; e.g., providing models
of the.kind of sailor desired, stimulating enthusiasm and motivation, diqgf
-, nosing problems not included in the computerized system, and coordinating |
tasks that integrate skills learned with the computer. : -~

N
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SECTIGN V, .

_ INSTRUCTIONAL ‘MANAGEMERT ALTERNATIVES

. A : . s
~ This section describes instructional management alternatives which are
.deémed to. be viable in the 1985-l995-time frame and provides an initial assess-
ment of key management and economic’ characteristics for each. Two general -
categories of instructional management have been identified’ namely, Instructor
Based Instructional Management (IBIM) and- Computer Based Instructicnal Manage-
ment (CBIMJ. Each of these major categories can be further refined: into. sub- -
categories by the inclusion of various combinatidns of the features of (1)
centralized processing and data base control vs. decentralized processing and
data base contvol and (2), the use of existing technology vs. nen technology
(state-of-the-art hardware and softiare). The eight possible combinations of. .
these features are shown 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 ifBIMYh-descriptive of

traditional Navy instroction. -

2. Centralized CBIM using existing technology—-descriptive of the
existing Navy CMI system. )

-
-

-3, Decentralized CBIM u51ng existing technolody--descriptive of the
Navy S VTS and ATSS and the Air Force' s AIS. oo

2
'

L]
*

8, Decentralized CBIM using new technology Jhis_is a reasonable
description for a' 1985 to 1995 system which would most likely be developed
under an RDTSE .program.

Each 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. It-is the latter completely seecified system that will

provide the basis for economic comparisons of various Systems. Until such
' .39
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- TABLE 7. INSTRUCTIONAL MANAGEMENT ALTERNATIVES ’ A

"1 INSTRUCTIONAL - ‘ S ' et
v MANAGEMENT - .EXISTING TECHNOLOGY - NEW TECHNOLOGY - ‘ \
' ME THOD CENTRALIZED _ DECENTRALIZED CENTRALIZED DECENTRALIZED |
IBIM X . .| CURRENT X .X -
L , o IMI. - b :
. ¢
, ‘ o
. o
* - . ) A L B
CBIM o atss | R R T % 4
- CURRENT TYPE X DEVELOPMENT . 3 g
P CMI SYSTEM . (RDT&E) &
) - : . . ' .=
] = =~ . .O
- L) %
NOTES: - S |
IBIM - Instructor Based Iﬁstruct‘iona] Management - ~
CBIM - Computer Based Instructional Management _ - :
_-,V‘iab'le Alternative
- X - Nonviable Alternative ‘ . ' . 49 *
1 . 48 . : -
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_complete specifications are developed only the most rudimentary assessment of

the four major classes of alternatives 1s possible.

Table 8 serves to .identify system features and to sumnarize the oatcomeo
of an initial assessment of each of the four classes of alternatives based on
tﬁese features. Each of. the~evaluative entries in the cells of the tabile -
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 aiternatives 3 and 4 constitute predictions of
the system capabilities

" ’ -
-

Note that the major characteristics are divided into two major categories-2

o
-~

_nmnagement and economic In the former category all management characteristics
" are considered to be essential .in the 1985 to 1995 framework and therefore

shotld serve as the basis for a comparative anaiysis. . In the economic charac-'
teristics, investment and operating costs, which form the basis for life cycle
cost. combined with training effectiveress provide an estimate of 1ife cycle

efficiency .These are the primary-economic characteristics which form a basis

# for a comparative analysis. Expansion cost and efficiency refer‘to 1ncre1sing

the system capability beyond preSent-or ‘des igned capabilities

-~

r
-
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: TABLE 8.  CHARACTERISTICS OF ALTERMATIVES ) .
! ’ * AY [ . g“-\ - ' I
ke a : R — : - o . e s
' e - . - . 2"
. K
- . CHARACTERISTICS - i
. MANAGERENT . ‘ . ECONOHIC ~
) RN Objec- Resource ’ Traine .
. v Global tives’ Hanage- Student . Hanage~ . in Life «~ §F Expan-
: ALTERNATIVE Info and Test ment ., Sched- Report- | ment Invest- | Opera- | Effec- Cycle | Expan- |. sion
: Accessi-i Item Data | Control uling ing, Control ment ting .-fotive- Effi- | slon Effi-
- . bitity Bank System Sys_tgn System Systh@ Cost Cost - | ness - clency | Cost ciency
S n pry T N r
. ; : L . ’
\ ?@S?J},;‘}‘ed 'lBlH_ 1 1 2 2 2 -2 3° Il Tow | medium | “Tow medive | medium | medium
. * ‘ ’ ' ) ~ -
A& 7 Y centialized caiM * > i ’ .
T {existing 3 4 z Y 4 <3 3 Tow medioea § medfium high § high low
AN technoloy) ¢ '
+ . | becintralizes coin : ; , ¢ . ; . 1.
1Lt .. (existing A ; 4 4 4 1 { 4 ] mediom | -medim | medium | “thigh { medium . high
; ., technology) -
1 [ \\l . " "‘—"‘.
+ L toecentralized CBIM: ’ -
. Im,'&cmmm 5 5 5 5 s ] s Woh | medium | high | medim | mediua high
F 1
I " . . '
5 - Righ . .
4 - Above Average & "
3 - Average '
» 2 - Pelow Average ’ i
1-Ltow ‘
N N 5
51 \ “ 4 ) . ) n
Iy ) . ~
1 5 1
¥ \\H . .
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v . SECTIOH VI

: ° _ RECOMMENDATIONS IN SUPPORT OF 1985 TO 1995 -
L - CBI_ SYSTEM DEVELOPHENT Do

1

el

T o
Recommendations for support of CBI system development 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

,fappl ications. . :

-3, Establish a CNET staff management group with single-point authority
- and responsibility for all computer based instructional programs.
© "2, Establish a management and economic anafysis comnittee with member-
ship from CNET, TAES,. and functionals to develop analysis procedures, review
proposals, and insuré valid economic assessment of ali proposed CBI applicas
tions. This committee shouid be supportive of the CBI staff management group
«  yet independent_for purposes of“ agement and econpmic analysis. \

b
. . - A . ) . i
L

*
4 . - . - - -

, 3. Conduct an economic analysis to assess Tife-cycle cost-benefit\tor
L L each of the four CBI alternatives proposed’
_ 4. " Deter ine the viable computer network architectural designs for
- . _ distributed processing,’ d1stributed data base, communications protocol and
' -.network ‘maniagement for proposed systems SRR
© B Prepare an Operational Requirement (OR) to ‘dentify viable strategies
for integrating computer based instructional deiivery systems into existing
_Navy training programs dur}ng the 1985 to 1995 time frame. :

Ty

;
6. Prepare an OR to determine the types of software development pr0grams
needed to provide the necessary software support for Navy CBI applications

during the 1985 to 1995 time frame._

e ’ - _ 5523
«:-: »' - - - . L}
- O . . : CoL
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7 Determine er-cycle support requirements for large scale GBI
appﬁcations during the. 1985 to 1995 time frame ]
_,‘?; ‘. \ . . .; X T ‘:—

" 8. Prepare a master pian fgr the cont‘inued utﬂization and support of
the ex1sting Navy CMI system during development and integratwn of the 1985 ‘
to 3995 time frame rep'tacement syStem. : '

’ .. \ SRS
. 2 % " 'Q‘ .
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HAJOR CATEGORIES, SUBCATEGORIES AND FUNCTIONS OF CBF ~

[ ",,‘

PN
.o . -

COMPUTER BAstn INSTRUCTIUNAt MANAGEMENT (CBIN)

.
L
l
- H
£

) 1. Student Scheduling/Sequencing _This functional category provides ‘
.for the control and tracking of . all student activity beginning with registra-
tion and end1ng with course completion or precompletibn termination It
utilizes information from student records, entry Tevel test results, course

- .nganization and sequencing strategy, progress and diagnostic test results,
’ administrative inputs, student location control reports,,time to complete

estimates, and-time in process measures as as . .ent alternatives are con-:
tinuously assessed for optimal scheduling. . Student assignment, scheduling,
and tracking functions include: ' ‘

s

. a. Student registration provides for the initialization of the

——-—~___ﬁ_student into the training. system. It consists of entering student informa- °

tion into the training system data files 'to allow for-the maintenance of =
student assignment, progress, and history records. It also provides student ‘ '
profile 1nformat10n for assessment -of viable training track alternatives and
fior estimates of course completion. X

’ b.  Student assigmment and scheduling includes the functions' ’

requ1red to analyze current student status and to generate student learning

guides Student -progress indices, course organization and mapping,. Tearning
.resource.availability, and progressgtest response patterns are analyzed to

‘provide’ a basis for generating_these'guides which specify a training'path._

This prodess relates student assignment options to student status and Tearn-

ing resource avaijability and then selects a training path which best satisfies

the training ObJectheS e . .C

-

-

. c. Student tracking enters the scheduled act1V1ty into the student
-Scheduliqg and tracking program as an 1n-pr0cess activity when a training path
is sélected Th1s activity is then tracked and is utilized’ as a basis for
measuring student progress. )
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2. Module-Lesson Data Bank. The- training system modute and Tesson
data bank would consist of a dedicated storage area Within the training <
center computerized common data base which uould contain descriptive and
1dentification information for learning modules and lessons Within the train-
ing center course organization hierarchy:—*ln addition, it would contain a
description and identification of the training materials, training objectives,
progress and diagnostic test items and audit vectors for instructional N
accountaoility The functions within this categbry include° '

-

4

a. Traini_g_objectives files would fully descrioe and- identify
the training objectives ;elated to course modules and ‘Tessons. These train-
ing objectives would normally be developed during a front enhd analysis for.
the Instructional Program Development case However, objectives could also
be developed for existing programs of 1nstruct1on through the analysis of

~ ‘course content. ‘

1N

¢ b. Training material description and identification records uould .
be developed for the training material used in support of module or lesson
Tevel 1nstruction This training material identification system woilld be

~used for student guide generation related to specific module and lesson : o

e

assignment

‘e

c. Test item files would be grouped by module and lesson for ' _ s
measuring student achievement. These testing materials would also include

pre, post, and diagnostic test. items. = . . "

<

d. Course audit and accountability includes'all of the functions
required to assure the integrity of learning objectives as they relate to
learning materials and test items

-

-

3. Tes ing The training system testing functional category would
1nclude methods for accessing a¥l test items to be presented during the
testing processé Test items would relate to the Tearning material presented
and would follow predefined testing strategies. Item generation, response
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scoring and storEge: item analysis, diagnostic test item generation, random~ v o
D . jzation of test item sequences, and test security would be included in this -~
category. ‘ ‘

. 5 . »
.

‘a. Test generatiOn would be possible for-any module or lesson
within 4 course of instruction. Selection and sequencing of test items would
be generated in accordance with course hierarchy mepping, Tearning module - .
“identification, student achievement, and diagnostic test results. Tests . S
would be generated in accordance with the applicable testing strategy o
- . 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 macpine scoring case in which a test key is used as a basis for-scoring.o———rvo
‘However, the computerized case would allow for a decode of test item random-
zation and would facilitate ah analysis of test response patterns. Conse-,
.quently, greater prescriptive guidance flexibiiity would be passible for the
computerized case. )

-

¢! iraining 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 impiement for the ~ &
- instructor management case but it is relatively easy to 1mp1ement for the
computerized case. . . : *
__-.a‘ L . \
d, Test response storage should provide for short term machine
readable storage of all student test- responseS. This test response data bank
~should be converted to’long term machine readable storage when students _ ) N\
complete training. This data can then serve as a basis for test item analysis 5
"and course effectiveness evaluation, - ’ . : _ - R

. Y + 400
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COMPUTER BASED INSTRUCTIONAL ADMINISTRATION (bam) -

LA
]

. "1,  Mana gQHEnt}and Administration. This c?tegory includes all of the
organization functions required to administer instructional programs. it .
“is intended to be the master management control category for all other func-_:
_ tional categories The functions within this category include the following.

——— e e A L r———— - e 41. [PPSR N

: ) ? ! .
a. - School management function includes the planning,\“rganization, \
and administration functions which support' school operations. N

& Lo : ‘ ' S
b. Management po]icy and control includes all of the management |
control mechanisms for assuring compliance with management policy "It relates _
to the dissemination of management diregfgves, to the communications of
management information for control structure feedback and to the measurement

of management system effectiveness - _f' - R

—

Personnel-management—consmsts—of_the-data—peoeessing—suppont———————~*

' transactions for thé administrative control of staff and student personnel.

. J S N
d. Computer systems manag__gnt includes all” of the organization ,

and management functions required for the acquisition, operation, and mainté-

nance of computer haydware and sof*ware Although the computer ‘operations

function. would properly bz located ‘within a computer group, all policy,

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

.2 training oiectorate to assure comp]iance with training goals and objectives.

. . — ) \ . '

‘e« Course org_nization includes descriptors and\{dentifiers for {

all modules and Tessons within a course hierarchy )

f. - Student racord control includes all prOcesses related to
student record entries, information acceSs, and training transactions.




. data- communicat1ons locat*on_unth1n a _school_or tra1n1ng center to any external .
~ organization requiring the information. Student data, course data, pred1Ctive

" ate data output for d1splay or hard copy. It would also include the. genera-

s t": A TAEG Report No:"89‘ ‘ '
] @ " ' . o
- & - 7 o i :
g. Data control and communications subports policy making for
information standards, integrity, and security. . Although the data management
system'and the report generation system"components would be independently
operable, data control should remain with1n the training system management —

organizat1on Adm1n1strat1ve informat1on should be communicated from a single

a0y -

data, and effectiveness data could be.used as a has1s for systems analys1s,
student assignment, and management control. .

L
-

2. Report Generat1on This® funct1onal category 1ncludes all of the
programs required to access, convert, organ1ze, and, format data and tor genei*-

tion of unique symbols or graphic displays requ1red for special use app11ca- . 4‘ ‘

B e S —

. __tions The follow1ng reports are examples of outputs from this subsystem . . ',”..
a.. .training schedules: ‘ S ’ B
) "b.  administrative veports Ny |
. . c. ~computer system status reports’ =~ . ° - ' ;
S d. . configuration management ¥eports '

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

gf, Instructional Program Development status reports &,‘
~h.. product1V1ty/efficiency/cost reports /
i. ” student 1earn-ng gu1des ‘
, * j.  student progress reports . / ,
. : T . . . ‘ {
 COMPUTER BASED INSTRUCTIONAL SUPPORT (CBIS)
. - ' ' ©om N
T : . o P ' ~

1. «Training Resource Management. This functdiopal category relates

to the management of training system resgurces and should include all per-

_sonnel, faci ties; eouipment, software, and expendaples required during'
.._execution of the training process. As @ student transitions through a
" course of 1nstrL .fon, student stat1on ass1gnment, 1earning materials assign-

' . f f;,f”’/ )
] “ . ' . 58 67 ’ ’{“,' _' ~
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A . ment, and instructor consultation will require scheduling and control'%

N ’ Al though this is currently accomplished ir most Navy training settings by the*
; ", instructiopal staff, there are many cases, in which computer.based systems
e . perform these functions., - . : v

‘- , .
- "a. Training resolrce inventory control includes all of the functions
cee required to: identify, catalog, store, assign or issue, record, and control -

;‘ ) all physical_training resources. Although personnel resources can be con- ..

' ' sidered training resources, they are not incTuded 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 and student. stations are
_scheduled by resource scheduling programs, facilities managment is not.

included as a training management function '

Tt - 1
1,
. T L . A

Pl .. b Training'resource'scheduling includes the, functional activity
_;h_ﬂ;_ related to.allocating learning resources (such as student. stations and Tearn-
i i ing materials) in such a way as to maximize the efficiency of resource utiti-
e (' zation and minimiZe the student waiting time for resource assignment Sched-

‘ ; uling strategies shou]d vary in accordance with course Toading, resource .
availability, and student assignment options Resource aliocation records
should be-maintaiped for analysis and accountability pugposes. . T

. e . . @
¢ - . L

c. Training resource accountability fuhctions .include all of the
. activitie$ relating to the monitoring of the status;\utilization,;and mainte-

; ’ nance of resources. This function -also includes record keeping and analysis
of resource use to provide a.basis for adjusting resource levels and modifying

Al

‘ ' _ resource-scheduling strategies.’
S 2. Instructional ﬁrﬂgram ‘Devel opment Coordination This functional
/// category includes all of the actiVity requiréd to maintain schedules for :
: ' learniig material development activity The training material to be’ devel-
'(/’ oped or ‘urider development will nornnlly add to or replace existing training

. resources and consequently will require planning for integration into eXisting

L]

ARIC . -0 T d 68 -~ -
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o \
instructional systems.' The instructional management plan to be ut1l12ed in

conjunct1on with the new and revised learning ma/p jals myst also be incor-
porated into the manaqement adm1n1stra:1on;/schedul1ng, and track1ng cystems

~

- N - - a. Instruct1onal program_de el_gmgnt requ1rements relates to

iQ , ment results in development which will affect a traiming program, a tracking
mechanism should be energized during the conceptual phases In this way, the
_research, development, and 1mplementat1on process will be coord1nated~w1th
the integ: ation of the new or revised. train1ng mater1al into the ex1st1ng

training program and the necessary planning and programming lead time will be
provided. . N " . ?

e e s s

Y

e

b. Program develgpment srhedule functions include the® planning
and schedul1ng activity which precedes develdpment These functions would be
carried out in coordination with the development ageat and should result in a
single development schedule which is trackéd by the developers, the 1mnle- ,

" menters, the user, and the evaluator._ :

-

&

c. Program development tracking and reporting relates to the
track1ng act1v1ty which takes place during the devieopment and 1mplementat1on
process. ., It shou¥d be accompaniéd by information report1ng to be used by
instructional program development management and-by instructional process‘

_ management. o ) '

3. Conf1gurat1on Managfment Because training materials and computer
e programs are constantly in—a state of change for the general case, a need
) lex3~+¢ to incorporate a configuration management system to track changes
N # £ Juration status. It is evident that tra1n1ng objectives must relate
- ving mater1als, while test items must relate to both. What i€ less

B e. 1dent but equally important 1s that the course schedul1ng and frack1ng _____

+— programs and fraining” Fesource allocation programs ‘must also relate to train-

ing program objectives. As the process of developing training systems becomes
more closely al1gned w1th the development of the more. complex weapons systems
to which they must necessarily relate, a requirement to implement similar

U!‘ roL . ' . " 80 69 .

\

) : needs assessment and requirements develOpment. If the changed or new require-‘

]
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”con’igpration control systems wiii ‘become evidént.
_implement some: of today s’ more sophisticated computer based training systems

. applicatoons

) constantlchange, a, characteristi€ which appears essentiai in today’ s dynamic
. environm%nt . - P i

-'operating ystem descriptions appls

'n-requiremen‘s and specifications

J o .. TAEG Report No 89 | . }h
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L

To. design, develop, and

without 1ncorporating a configuration management sys tem uould be to assure
future degradation and potential system failure. Configur tion management
techniqués have been used effectively for many years on all types of computer

NN, N
1

: based systems and it is not envisioned that the applicat on of these tech-
- niques to computer based training systems would cause any significant problems.

Some of he functions which should be subject to configuration control inglyde

\
] |

1 course organiz?tion
1

|

| b.. facilities ‘and training staticns
"
d

!

e

'training equipment and, devices /
. . module/iesso obaectives ‘and test items
er - learning materials
LR computer hardware

g. - computer software.

configuration manageient would provide the needed change control, status

accountipg, and> system audit capabilities for continuously evolving training
It would allow for operational efficiency under conditions of

v

E———

i _
4. ; Eomputer Support. \ For those functional caxagories within the:
instructional management system which are partiaiiy or fully computerized
there will be a need to manag the computerization process. . Both hardwave
and software systems require d agnostic programs for preventative and correc-
tive maintenance. A full range\cf maintenanFe cnd operatjon support docunren-
tatiop - *~.:d be available for lijfe cycie support This documentation should
include such typical information 3 logic diagrams system block diagrams,
cation programs design and interface
specificau ons, data base management organization, and data communications
AJ1 of this support documentation should be
controlleo ithin the configuration anagement functional category. An audit .

_'capability hould also exist for val dating the performance of any hardware
or software sujfystem

0
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b &'.‘ . .
\é Comﬁ;ter hardware and sof tware organ1zation shouﬂd include
block”diagrams and funct1ona1 descr1pt1ons for all hardware 1nput, process-

" ing, storage and output subsystems. and the operdting system and app11cat10ns )

programs. Data base organization. data base access, ard ccmmunications
protocol specifications should also be provided together with operating

; procedures for system user

- b. Data base organization and management documentation should
describe file organization, data formats, data types data conversion requ1re-
ments, common data pool use, data access, data protect1on. and report genera-.
tion interface. Memory ma: Ming for local and shared data should also be
provided for ease of inteyrating Jiew programs or modifying ex1sting programs
Although much of this 1nformat1on can only be displayed in formats requiring
interpretation by computer specialists, ‘an attempt should be made to describe
all data organization ip user‘language and functidnal block diagrams.

- -

c. Program_performance functidnal spec1f1cat10ns include all
documentat1on describing the funct1ona1 capab111t1es of app11cat1ons programs.
These functional descriptions prOV1de the bas1s for validating program per-
formance and serve as the primary descr1pt1ve 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 avajlable in the form of CRT ¢ »play or
hard copy.output and"woild be maintained in accordance with configuration
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managgmsﬁt standards. 4 o .
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nostic programs would also be inciuded for initialization and monitoring of
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e. Data communications protocol would maintain current files on all |
~ data communications standards. Communications test programs and network diag-
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o f. Sistem__perating procedures would provide CRT display, hard
L . copy printout or operating manual description and identification of all system
) : operating procedures Prompting and menu selection in user terminoldgy would

be provided for ease of use by an operatioos personne]

g ] g. System majntenance support programs'aﬁd docomentation includes
" prograrming for all maintenance suppert activity. Maintenance procedures,
diagnostics, references to maintenance "documentation, tools and equipment
Tistings, maintenance action record keeping, maintenance analysis reports,

" and other sottware and hardware maintenance related programs would provide a

semi-automated maintenance support capability .

- " COMPUTER BASED INSTRUCTIONAL DELIVERY (CBID)

Conventional CAl . -
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l 2.  Computer Simulation . . .
3.  Computer Controlled Video o "
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Computer Graphics.




