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ABSTRACT

This final report documents a research project that addresses the
impact of instructional technology (I.T.) on the technical training of
military personnel. The rescarch was directed toward (1) measuring
benefits that the Department of Detense might gain through increased
utilization of I.T. and (2) postulating new research objectives and
programs that would make possible the realization of these benefits,
Potential savings in cost and manpower from applied I,T, were estimated
using a large data base, consisting o!f actual military data on cost and
school throughput, A simple mathematical model was used to estimate
potential reductions in course time for samples drawn from the data base
of over 4000 courses. Exemplary calculations for over 100 formal tech-

nical courses were performed,

The results indicate that the DoD can anticipate substantially
reduced training costs by future utilization of innovations in I.T. The
most significant variables contributing to cost savings are instructional
strategies and methods. Courseware and equipment costs were determined
to have less impact on cost savings than previously considered. The
research results suggest that the DoD should expand its use of I.T. to

i both nontechnieal and on-the- job training.

Rescarch in five areas is recommended: (1) instructional strategies,
(2) curricula and courseware development, (3) course evaluation methods,
{4) cquipment, and (5) benefit and cost analyses. These exploratory
research findings indicate that a basic [.T. research center is desirable

for the bDob.
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PREFACE

This study was intended to provide data useful to the Defense
Advanced Rescarch Projects Agency in formulating its research program in

Advanced Training Technology.

Tne work focused on the estimation of cost savings resulting from
different assumptions about: the cost of delivering training per student
contract hour; the cost of developing training courses using advanced
training; and the amount of reduction in training time resulting from
usc of advanced training technology, variably paced and delivered in a

form individualized to meet the needs of individual trainces,

The report points out that the reader should not interpret the
cstimated savings literally. The figures can only be taken as indications

of trends in the field. The report qualifies the findings in a number of

ways, including:

1 The course sample is several years old and the nature of the
courses, number of studernts, and the course length have changed
in a number of cases resulting in changes in potential savings,

2, The procedure for estimating the reduction in course time was
applied consistently across the course sample and, therefore,
gives relative values on savings, however the procedure relices
heavily on the professional judgments of the project staff
rather than direct measurcement.,

8l The measurement of course cost is handled in different ways
by the Services of the Armed Forces,

1, Savings are dependent on shortening of course time which, in

turn, is dependent on individualization of instruciion resulting
in a spread over time of course completion by trainces. The
potential savings can only he achieved if post course assignment
procedures can effectively put students into productive activity
as they complete the coursece.

Xv




The report does identify important relationships between the key

parametesrs of reduction in coursce time, cost of delivery, and cost of

development, It is on these relationships that the report recommendations

are based,

Thomas C. 0'Sullivan
Project Director
Advanced Training Technology

Defense Advanced Reseurch Projects Agency
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I INTRODUCTION

Instructionaf technofogy {(I.T.) is beginning to af fect training
within the '.S. military establishment. In fact, no single organization
is fikely to push instructionaf technolopy forward on a broad front
faster than the U.S. mifitary., This report describes the findings ol a
rescarch program conducted by Stanford Research Institute (SRI) for Lhe
Advanced Research Frojects Agency (ARPA) of the Department ol Delense
(Dob). The year-long study focused on (1) the role of I.T. in the U.S.
mifitary training programs and (2) the necessary rescarch programs re-

quired for the DoD to benefit from I,T.

The analysis of this role required the cooperation of the three
major mifitary services. SRI wishes Lo thank the various offices within
the services for their invaluable cooperation and contributions to this

study.

This report is divided into six main sections and several appendices.
Following this introduction (Section I), Section II1 summarizes the tech-
nical problem, methodology used, resecarch results, and implications ol
these results. Section III identifies I.T. rescarch programs and rele-
vant data within the Dob. Section 1V presents numerical estimates of
potential savings from I.T. using a computational model based upon 1971
and {972 cost and manpower data. Section V discusses inferences from
the computational modef, implied trends, and deductions about future
research. Section VI suggests future research to enable the DoD to
reafize benefits from I.T, One of the important research afternatives
is the implementation of 1.1, rescarch centers, The .ppendices cover a
survey of reported I.T. applications, source documentation on training
costs and number of trainees, a summary of the cost cafcufations, and

representative experimental values of course time reductions used as

calibration data for the cafculations,




I1 SUMMARY

A, Technical Problem

This study focuses on the relationship of instructional technology
(1.7.) to military training and the research that must be conducted to

enable the military to realize the benefits inherent in this new tech-

nology.

1.T. has been defined as 'a systematic way of designing, carrying
out, and evaluating the total process of learning and teaching in terms
of specific objectives, based on resecarch in human learning and communi-
cation, and employing a combination of human and nonhuman resources to
bring about more effective instruction.”l* 1. T, thus involves the
combined use of modern technological devices and individual and group
motivating techniques to improve the instructional process. These tools
and techniques include individualized learning, peer instruction, group
dynamics, audio-visual aids, programmed instruction, teaching machines,

and the computer.

Experiments in both military and civilian educational institutions
have suggested that I,T. offers both tangible cost-effective benefits
and others less tangible, The measurement of these benefits is the fi.st
step toward proper identification of new channels for increased utiliza-

tion of 1.T, in the military,.

The research objectives of this study were to establish criteria for
measuring the tangible benefits of I.T., to study the development of
I.T. within the services, to assess the present and potential commonal-
ity of these efforts, and to make recommendations to exploit the further

benefits of I,T. 1n particular, the research program was specifically

*References are listed on page 83,

Preceding page blank ’
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intended to postulate new research objectives and programs that would

establish a foundation for obtaining these potent_al benefits [rom I,T,.

B. Methodology

To ackieve the rescarch objectives, efforts were directed toward
measuring potential cost and manpower savings from applied 1,T. This was
accomplishecd by:

® Establishing a data base consisting of training costs and

throughputs (graduates per yveur) for approximately 1000
formal technicel training courses, as actually recorded by

the military.
Identifying the meaningful parameters of I.T,

Developing a simple mathematical model that determined

potential cost and manpower savings.

Before the potential savings in dollars and manpower could be esti-
mated, the reductions in course length resulting from the application of
I,T. had to be estimated, Many socio-psychological variables can affect
the amount of coursc time a given student needs to complete any single
course successfully, Thirteen variables were identified as key contrib-
utors to the expected reductions in course time. Their individual effects
were integrated into a single parameter, the fractional reduction in
course time, S(CT), Calculations were performecd, based upon estimated
values of 6(CT), that would likely be realized if I,T, were introduced

into course curricula,

A sample comprised of about 120 courses [rom all three services was
selected Tor the colculations., The courses were chos i to represent a
diversity of curricula, subject to the constraint that complete data on
each course was available. Three parameters were varied: (1) 5(CT),

(2) 1.T. equipment costs, aud (3) courseware development costs. The
estimated cost reductions (if any) were quantified.

4
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Cost and manpower reductions were chosen as measuves lor providing
quantitative indications ol the principal factors involved in optimizing
training effectiveness, To optimize in the short run, the savings poten-
tial was based on a 1971 "snapshot” ol the formal military training
schools and the potential (or improvement. Since the implementation of
that potential will likely veguire many vears, it is cexpected that new
requirenents, new instructional strategies, and new technology will have
to be consideved as they arise in the Inmture, Therefove, the recoumenda=
trons reportoed herein descrvibe programs that will Facilitate appropriate
evaluation of 1.7, and instiructional methods in this continuing evolution,
Istimates of potential savings are to be interprveted as guidelines to the
arcas of most effectaive applications ol new 1.T. 1n 1971 to 1975 and to
research opportunities. The estimates should not be coustdered as
predictions of actual savings at a spectilic time,

A

o Techni el Results

The calculations sugpest, that for samples ol 30 Air Vorcee, 39 Avmy,
and 50 Navy coursces, annual dollar savings of S milljon, $15.0 million,
and $13,3 million, vespectively, might accrue for the sampled coursces
through the applicatlion ol I,1, These savings were calculated based upon
assumed hardware costs ol $0,50 per terminal hour and total courseware
development costs of 82500 per conrseware hour tor cach hour ol the
course adapted to 1T, Tt 1s not certain that these projectod savings
can be convertoed i1uto actunl savings boecause questions remain concerning
reassignment practices, options lor increased training, and other factors,

llowever, the estimated savings will certainly contribute to inercased

elfectiveness within cach sevvice,

The corresponding annual mmpower savings for the sampled courses

underv the same assumptions would be 1150, 1280, and 2360 man-yvears,
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respectively, Iuterpreting these figures as general iadicators and not
as specific course-dependent data, these results suggest that implementa-
tion ol innovations in 1,T, in the military can reduce total training

costs,

By testing the sensitivity of the variables in the cost model, other
important results were observed, Considerable sensitivity to the varia-
tions in §(CT) is noted, The wost significant variables are training

sirategies and instructional methods, which impact directly on &(CT),

Common curricula indicate that the services already see the value
of shared tvaining activities. lowever, there are scveral advantages to
increased commonality., These are discussed in Section V of the report .
Although increased commonaliiy is not necessary to gain benelits from
1.T., the project team concluded that increasing commonality in applied
I.T. will result i+ larger cost and manpow r savings than would ot herwise

accerue,

D. Department of belense Implications

In the DoD training system about half ol the training occurs on the
Jjob, and the rest is formally organized as schooling. For all training,
however, I.T. which uses !raining aids where the trainee is normally
located, olfers important and worthwhile savings. The minor redirection
ol training philosophy toward increascd utilization ol I.T. thal is
needed to realize these benefits is already underway, Examples include
the basic clectricity and clectronics training at Keesler AFB, the Com-

puterized Training System (CTS) at Ft, Mommouth, and the new techniques

*The selection of courses for the Army and Air Force samples was made on
the basis of the available data, The Navy samples were biased toward
those courses where large manpower saviungs might be elfected, The
larger sample size and the bias toward manpower suavlngs were perfovmed
as part ol a related study for ONR,




for training in mathematics and engineering at the Air lorce Academy at
Colorado Springs, A strong trend exists toward training in the field

and on board ship or uircraft, and the idea is popular among field com-
manders., 1f the transition to greater use of 1,7, in military training
is made in a careful, continuous manner, time and experience will permit
new procedures, policies, and equipment to come into orderly use without
disrupting normal operations, Thus, SRI rccommends that the DoD continue
to improve allocations of training resources by utilizing I.T. throughout

its formal and informal training programs,

k. lmplications for Future Resecarch

The potential gains in dollar and manpower savings are large com-
pared to the small cost associated with the risk to the DoD of investing
addi tional funds in future resecarch in I,T, The potential gains to the
DoD of the rescarch sugpested below lie in its commonality to all military
services, in its fundamental naturc (not operational or developmental),
and in its casc of integration with projected I.T. systems, The recom-
mende 1 rescarch reflects the present cost study, wb... vesults demonstrate
that, of the many variables and parameters studiced, instructional strate-
gies and methods have the greatest impact on cost savings. The purpose ol
the proposed new research is to guide and to clarify an optimum futurve

development path for I.T, within the military,
Five domains of rescarch are suggested:

(1) Theory of instructional strategies
(2) Curricula and coursewarc development for applied 1.T.
(3) Course cevaluation methods
(1) Equipment and software aspects of applied I.T,
(5) 1.T. benefit and cost analysis.
Future funding should be applied to these catepgories on a priority basis

according to the ranking in the above list,




[.T, rescarch centers should be established by the DoD, or present
educational facilities should be improved to coordinate rescarch activi-
ties and to accelerate the application carch results from the I,T,
laboratories to the field, It is recommended that a basic I,T research
center be established and that it be accessible by cach military service,
Also, each military service should cnhance its present operational centers,
The basic I,T, resecarch center should not be operated by any specific

military service,

The basic research center should be organized with balanced partici-
pation of all three services in mind, Itg objectives should be:

® To provide a foundation for nourishing basic L.T. rescarch

® To monitor and validate the future benefit « o ST

® Te maintain an optimum path for the expwmsion of I.,T.

in the DoD,

The center shoul«l perform and support basic research and be cognizant
of the present and projected state of the art in I.T. It should also
make recommendations and facilitate research in "blue-sky" areas, While
it is difficult to program "bluc-sky" resecarch cffoctively, the center
snould be responsible for identifying new research opportunities and for

locating appropriate funding resources,

The center should be available as a breadboar facility for outside
rescarchers, and it should provide the focal point for other I.T. work-
shops., Each military service should augment its existing facilities or
functions in I,T, development, and cach should designate one of its
facilities as an I.T, workshop or communication center for interfacing

with the basic center,




III BACKGROUND

A, Instructional Technology

As discussed in Section II-A, I,T. combines modern technological
devices and student motivating techniques to improve the instructional
process, One of the key nonhuman resource elements of I,T. may be the

computer,

The role that the computer plays in I.T, is growing, Computer-based
instruction (CBI) can be ecither computer-assisted instruction (CAI) or

cemputer managed instruction (CMI), This report uses an cexpanded version of

of the Army's dofinition2 of CAI and CMI. CAI is a man-machine interac-

tion in which most of the teaching functions are accomplished by using
the computer in direct support of a training situation, Both training
and tutorial logic are stored by the teacher or curriculum developer in
the computer memory, The techniques used in CAI include individualized
instruction and group dynamics for simulation and gaming, logic problem
solving, computation, tutorial dialogue, drill and practice, and others,
CMI is an overall instructional management system in which detailed stu-
dent information, complete curriculum data, and information on available
resources are integrated to facilitate the development of individualized
programs, to revisec curriculum content, to provide the necessary counsel-
ing and guidance, and thus, to bring about optimum instructional resources

management,
1. Benefits

Benetits from I1.T. vary considerably, and no simple common
clement identifies all potential benefits. Therefore, for the purposcs
of this study, these benefits have been divided into two categories o)
variables: tangible and intangible benrrits, No value rankings are implied

by the order in which the two classes of variables arc listed below.




(1) Tangible benefit variables

® (Cosl reductions
® Reductions in training time
® Shortening of the time needed to revise curricula

® Manpower savings.

(2) Intangible benefit variables

® Increased comprehension and performance of the
student

® Better student and teacher motivation

® lore cffective use of the military services

as training inscitutions

More reenlistments due to increased training
effectiveness and student satisfaction

® More options for the training commands.

Tangible benefits can be translated directly to dollar savings.
Intangible benefits are more difficult to quantify, but both classes of

variables affect training requirements.

2, Training Lffectiveness

The military services have a continuing need to improve the
effectiveness of their training methods. Cost and manpower economies
are sought at every level in the Do, Although training is becoming
increasingly complex, savings are still imperative. While the
sophistication of equipment has dramatically incrcused,3 the abilities
of men coming into the service have remained constant. These problems

*
will intensify as the services shift to an all-volunteer force.

*The impact of this problem was accelerated by Secretary Laird's
announcement of the early termination of the draft (January 1973).
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The services are now beginning to shift the responsibility for train-
ing to smaller units, thus increasing the need for improved self-management
and 'earning motivation. At the level of the small training unit, this

means that training gkills and aids must have greater transferability.

Having recognized some of the potential benefits anid requirements

of 1.T., the services have revised their training programs and policies

1-6
to some extent. However, a unilied, internally consistent progranm

remains to be set forth to measure the benefits aud effectiveness of

operational programs t hat apply the results of 1.T. rescarch.

B, Rescarch Objectives

Military training is always in a state of revision and modernization,
Training requirements change; cost reductions are made. New training
objectives and nethods of evaluation are steadily being introduced, New
techniques for {raining evolve, It is widely assumed and already observed
in preliminary experiments that I.T. is an important factor in this dynamic
field, but a clear role has not emerged, This study was undertaken to

help place I.T, in a ‘ational perspective. The research objectives were:

(1) To establish the criteria for measuring the benefits and

effectiveness of I.T.

® To determine the parameters to be measured.
e To identify selected arcas of training subjects where

the application of I.T. would readily yield benefits.

To study the development of I1.T. t»aining efforts within

the services and to assess the commonaliity of these cfforts.,

To relate advantages and disadvantages of joint
training programs using IS
To determine the impact of increased and/or decreased

common efforts.




(3) To make recommendations to exploit the further bencfits of

1ol

® To postulate the basis for training policies and futurc
research programs,
® To provide new research objectives that will establish
a foundation for realizing further benefits from I.T.
The recommendations derived from this study ave given in Scetion VI,

pare 71,

(€15 Achieving the Ovicctives

To achieve the rescarch objectives, efforts were directed primarily
toward measuring potential cost and manpoewer savings from applied I.T,
This was accomplished by identifying the meaningful parameters of I.T.
and developing a mathematical model based upon payoff criteria. Present
military training programs were examined, and a considerable data base

was developed. The methodclogy used is discussed in Section 1V,

b. The Use of Instiructional Technology in Training

puring the last two decades, each service has explored the possible
contributions of I.T. in its training programs. In fact, the military
pioneered most ol the research in the use of film, videotape, television,
and computers as instructional aids. Each of the services has estab-
lished its own training objectives and pass/fail c¢riteria, and each has
also developed its own evaluation procedures lor determining the extent
to which training objectives have beon satisfied.

4
Army goals are based on the following objectives:

(1) ‘Training will be performance based.

(2) Techniques of training wvill focus less on subject

matter and more on functional context.

sl 2 s

R T e—




criteria will be used,

(3) Absolutle rather than normative

(1) T-esting will be performance oriented and measurement will be

on a go or no=go basis.
(5) Individualizing methods will be used to the greatest

extent possible.
at the training site to

(6) Immediate fecedback will be provided

the traince, the trainer, and the {raining management.

(7) A rigorous quality control system will be used.

The Army instituted this system because of a conviction,

baserd upon a good deal of evidence, that the lecture/

demonstration technique is not {he most effective met hod

to promote learning.

The Air Force, using concepts of system analysis, evolved its own
training proccdurc——instructional system development . As stated by an

Air Force training rcprcscntative:

which we [the Air Force]
cly over the last decade to increase the
and to reduce {raining time . . . -
of those audio-visual devices
This approach [rees the
address system
This

"it grew out of programmcd lecarning

nave applied extensiv
jub=relevancy of training
it calls for the creative use

that industry has been developing.
as an animated public

lving manager of instruction.
responsive to rapid changes

instructor from his role

and makes him a problem=so

also make training

approach will
)

. . +
in manpower 1‘equ11‘cmcnts.

These goals and objectives are gimilar to those of the Army., Courscs are
and criterion-based tests are

tailored to fit job pcrformqncc objectives,
used, It is implied that every student will learn the necessary job
in fact, training is aimed at matching the man and the job more
6

prcciscly than in the past.

skills.

The Navy has the following objectives which give special consider-

ation to shipboard requirements:




(1) To develop individualized training involving specific
learning objectives and stringent performance evaluation.

(2) To promote simplification of the learning process through
increasing hands-on experience, the involvement of the
learner, and the use ¢! _.ounselors. This intensifies the
need for well-integrated training aids, materials, and
devices,

(3) To develop valid performance measures of individual and
team proficiency to be used in training and in fleet
operation,

(4) To promote shipboard training where it can be clearly
demonstrated as the most productive site for a training
program,

(5) To develop effective ways to use simple synthetic training
devices and simulators to reduce training time and fleet
training cost, and to increase standardization of perfor-

mance throughout the Navy,

All three services emphasize the educational goals of individualized
instruction and performance testing. As a result, the large lectures
familiar in both military and nonmilitary classrooms are no longer so
pervasive. The instructional strategies most frequently employed in
realizing these revised training goals are self-paced instruction
(including programmed instruction), peer instruction,* on-t he=job train-

ing, and simulation.

Fach of these innovative instructional strategies may be used with

a variety ol media. Often, one or more strategies are used in conjunction

*
An example of pecr instruction was developed by the HumRRo (Human

Resources Rescarceh Organization), Division 3 and applied to the Army's
Basie Combat Troining,
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with one or more types of media or cquipment, Perhaps the most commott
combination used is the lecture and the programmed textbook, The lecturce
in combination with television is not uncommon, and CBI is used for sclf-

paced instruction and simulation,

Although these identifiable separate cfforts exist, there is no
explicit policy for extensive common use of technology within the
military establishment. However, statements of general training policies
often refer to technological advances and their implied uses to support

training.

Policies implicit in the studies initiated by the sorvices demon-
strate increased concern with I.T., particularly as {t applics to tech-

; ) 2,8=-10 .
nical training. Some interservice conferences, such as the CAI
fil=raan " N : s .

Shirtsleeve Conference at Fort Bliss, Texas, in 1971 amed the annual
NS1A Application of Computers to Training (ACT) Confercnces, arce examples
of cooperative efforts to achieve common instructional goals. All of the
services are interested in exploring the use of cowputers as training
devices. The increasing number of statements advocat ing the use of
computers for various instructional purposes suggest that military train-
ing administrators believe that the use of computers can upgrade training.
Financial support is evident from the backing that is being extended to

o . ., : 1. e
groups doing rescarch in CBI1, In these rescarch efforts, cmphasis is

often placed on reducing training costs.

*
Examples include statements made by the Board of Dynamic Training, CONARC

Task Group Report, "Shirtsleeve' Conference, amd the NSIA ACT Conferences.

1-

ARPA, the four military scrvices, and NSF have supported a broad range

of research in CBI, The studics extend Trom large=-scale delivery systems
such as TICC1T and PLATO, tlo CBI languages such as LOGO, to the usc of
the ARPANET for supporting CBl resecarch, to fundamental studics in
artificial intelligence, to the exploration of fundamental pedagogical

procedures such as confidence testing,




) 1%} Training Costs

Training costs vepresent o large expenditure in the DoD, and
they constitute an area in which I.T. benefits can be visibly demonstrated.
For example, the DoD's total national expenditure on military training
in 1975 is projected to range from $5 co $8 billion, or 8 to 9 percent of
the estimated 1975 military budget. If advances in I.T. were to realize
a 15 percent reduction in military training costs, the potential savings
would amount to $9.75 to $1.2 billion, or approximately 1.25 percent of

the total 1975 DoD budget.

Figure 1 shows possible trends in the estimated GNP, estimated
DoD expenditures, and estimated DoD training expenditures. This figure
is hased upon a factual DoD cost history and an average annual growth
rate of 1.2 percent for the GNP. The data sources are given in Table 1,

which presents estimated DoD militory training expenditures.

Present rescarch results in I.T. in both the military and
nonmilitary indicate wide variations in potential cost savings. However,
most of the results imply significant cost reductions are possible.
Appendix A summarizes some examples of recent I.T. research and cites

author conclusions about changes in costs.

In measuring 1.T. costs, there is considerable disagreement
due to differing assumptions as to the appropriate components of such
costs. This problem occurred repeatedly during the rescarch program,
and it is discussed in some detail in Section IV. Due to these disagree~
ments, studies on the costs of [.T. usuelly yviceld large amounts of non-
comparable cost data. This is most noticeable in studies comparing
civilian and military costs, although similar problems exist in inter-
and intraservice studies, Cited cost reductions resulting from the use
of I.T. in civilian ecducational settings most often rely on the assumed

combination of a volume of users and efficient use of I.T. to produce

16
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Table 1
ESTIMATED DoD MILITARY TRAINING EXPENDITURES

1965-1975
(In Billions of Dollars)

boD
Dob Training, Dob
Jut lays Medical, and Military
Fiscal Dob o s as percent Other Gcnorgl Training »
Year Outlayﬁ GNP of GNP Personnel Activities®
1965 847 .1 $681.9 6.9% $5.9 54,0
1966 55.4 719.9 73 7.5 5.1
1967 68.3 793.9 8.6 8.5 5.8
1968 78,2 865.0 9.0 9.1 G.d
1969 78.41 931.41 8.1 9.8 6.7
1970 79.0 976.5 8.0
1971 1046.8
1972
1973 68-85 19 6.0-7.5 8.6-10.7"%  5.,0-7.3
19741
1975 62-86 1231 5.0-7.0 7.8-10.8"" 5.3-7.3

*Source for the 1965 to 1970 data, "The 1970 Budget and befense Program
FY 1970-74,” Clark Clifford's statement to the House Armed Services
Committee, p. 157 (15 Januarwy 1969). Data for 1973 and 1975 were esti=-
mated by assuming that Dol outlays in thesc vears, relative to t he
estimated levels of the GNP, will be in the range of the 1965 percentage
o1 less.

Source: "National Income aund Product Accounts, Survey of Current Business, "
Office of Business Leconomics, U. S, Department of Commerce. bata for 1973
and 1975 were estimated by assuming an average annual compound rate of
growth of 1.2 percent after 1971.

tSourcc: "The Fiscal Year 1969-1973 Defense Program,” McNamara's statement
before the House Armed Services Committee, p. 211 (22 January 1968),

hSourcc: Senate Hearings Before the Subcommittee of the Commi ttee on
ApprOprintions, FY 1972, p, 464, This is calculated by applying the
factor 68 percent to the preceding column, ‘The operation and mainten-
ance appropriation for the U.S, Army (actual 1970 fiscal year >xperience)
showed that 68 percent of the general personncel activities category was
spent on military training,

**The 1973 and 1975 training, medical, and other general personnel expendi-
ture data are estimated by applyiug a ftactor of 12.6 percent based on
five years of data (1965 to 19¢9).
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cost benefits. 1In the results for the military, shortening of training
. - : . . PR JU=ALSE o -
time usually accounts for the principal savings, since the trainee

receives a salary during his training period.

Even though there are wide cost disparities in experimental

»

! ) 16
systens in the civil sector, it is possible to arrayv cost ranges, as

shown in Figure 2. In this figure, cost data for 17 categories of

inst ructional media are ranked from highest to lowest cost per student
hour. (The direction of the arrows beneath each bar in Figure 2 indi-
‘ates SRI's projection of the trend in cost per student hour during the
1973 to 1975 period.) Six of the 17 instructional Ltechniques are expected
to show increases in the cost per student hour, and four are expected to
decrease. The left side of Figure 2 shows the cslimutcl7 for TV CAl in
1975. This system is expected to be cost competitive with all other

instructional technolopgies,

By the time a study of costs in the CBl area has been published,
cnough time has usually elapsed to make the published cost per student
Lour an overstatement because costs are decreasing. For example, it is
now possible to purchase or lease a CB1 system using a minicomputer and
32 Teletype terminals within an estinated cost range of $0.45 to $1,.81
per student hour.™ This example is for rates available in February 1973

in the San Francisco Bay Arca.

More detailed information on various svstems needs to be
established and the costing procedures analyzed for commonality before

such systems will likely enjoy successtul and wide implementation,

*Data trom Computer Curriculum Corporation of Palo Alto, California.
The costs depend on the assumptions made as to the number of yvears for
amortization and the amount of student use per vear, Costs include
hardware, maintenance, three CAI tutorial packages (wit hout audio),
on-line individual and class reports, workshops for instructors, one
teacher's manual per course, and mnlimited use of the facility.,
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The emphe-is on a set of agreed definitions for costs is continually

2,18,19
T put es yet no conmon

being stressed by all sectors using CBI,

, 20 ;
procedures, such as those outlined by Tickton, have been implemented.

2. Computer-Based Instruction

The extent of the development of CBI in the services is a
function of available facilities, their present cost effectiveness, and
the technical difiiculties associated with implementing CBI methods.
However, the use of CBI is growing nationwide in the areas of administra-
tive data processing (e.g., scheduling), and educational operations
depend upon the computer (CMI) in many school systems. CMI services are
also available from commercial sources. In contrast, CAI has only re-
cently emerged from experimental status. When the computer is not used
in an interactive CAI mode, it may still servc ‘o inform the student and
teacher by CMI techniques which kooklet, device, or equipment should be
used in an individualized course c¢f instruction. Thus, potential reduc-
tions in course time can be realized from either the CMI or CAI modes of

CBI.

Reductions of 30 percent in course time as a result of using
CBI are common. In the area of electronics, reductions of 87 percent

.

have been reported using the Lincoln terminal system. Other electronic
i . ; 11-15,22
courses experiments have reported reductions of 20 to 55 percent.
Significant reductions in instructor work loads and course overhead costs

are also implied.

CBI also offers some valuable intangible benefits. It makes
the transition from school training to field training possible on a large
scale. When sophisticated equipment (e.g., radar, sonar) is involved,

CBI offers several on-the-job training advantages, including the following:

® The trainee can learn in a realistic environment.




T

® ile can learn on a. 'ual field equipment, which can be
simulated by CBI  or rare situations, as well as
common ones .,
® CBI exercises the field equipment in important modes
and thus contributes to its continuing readiness.
Operational CBI programs (primarily CAI) can be found in 12
*3
Army schools and colleges. Al the Army Logistics Management Center
at Fort Iee, Virginia, a Univac computer is used tor both simulat ions and
tutorial courses. Practical CAl courses are available through the
Medical Field Service School. The Army War College supports a course
involving such areas as individual research, a gross nutional product
projection, a joint force budget model, and quantitative applications to
international relations. The Army Sccurity Agency Training Center and
School offers a large, successful CBI course in Morse code. Since 1966
basic electronics courses have been offered via CBI at Fort Monmouth,
Comput er-supported instruction in an automated environment is used to
train supply personnel at the U.S. Army Quartermaster School. Fmphasis
is placed on CAI drill and practice at the U.S. Army Infantry School.
The Engineer School and Air befense School mainly use CBI for problem
solving.
The Navy supports CBI projects conducted by several civilian
b 23-25

groups, as well as CBI in-service development, Dr., Richard Atkinson
of Stanford University has developed a tutorial course to teach computer
programming that focuses on the basics of learning techniques. The late
Dr. Jaime Carbonnell of Bolt Beranek and Newman was performing rescearch

with a system enabling both the learner and the computer to take the

*Sources include conversations with Army personnel listed in Table 2 in
Section IV,

tSources include conversations with Naval personnel listed in Table 2
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initiative in a dialogue. Dr. Sevmour Papert of MIT is supported by ARPA
(work monitored by ONR) ifor the development oi LOGO, a high-level program-
ming language useful in teaching a variety oi mathematical concepts.

Dr. Joseph Rigney of the University of Southern Caliiornia is iocusing

attention on performance in training programs involving the trouble-
shooting of operating equipment. His research has found significant
applications in CAI tutorial programs involving simulation in courses
such as Radar Repeater (AN/SPA-G6) or Radio Transceiver (AN/URC-32). A
Florida State University contract involves on-line intelligence testing
and evaluation and several studies oi the interaction of CAl with various
psychological states. Much of the CBI pioneering eifort in the Navy has
stemmed from the work of Dr. John Ford at the Naval Personnel and Train-
ing Research Laboratory in San Diego.

*26
The Air Force has directed its CBI funding to iour main projects.

The main operational system is the Computer-Directed Training System,

which provides worldwide on-the-job training in a variety of management

functions related to the operation and use of computers. The Lincoln
Terminal System developed in prototype form at MIT provides both audio

and complex pictorial capability; the prototlype system is now undergoing
developmental tests at Keesler AFB., This system is used in training for
basic electricity and electronics, In addition, special provisions have
been made for the preparation of training materials, The Advanced Instruc-
tional System, presently undergoing specification and bid reviews at

Lowry AFB, involves computer control of a wide variety of media to allow
for sophisticated individualized instruction, Initially, the system is

intended to support research on computer-based training, as well as to

offer three technical training courses for up to 2400 students. The
undergraduate Pilot Training System, now being developed incrementally,
will use CAI in the teaching of pilot skills. Advanced simulators and

simulation techniques will be used in this program,

*Sources include conversations with Air Force persomnel listed in Table 2,
23




IV COST ANALYSIS

This section identifies the data base used in the research,
develops a mathematical model, and calculates the estimated dollar and

manpower savings to be gained from the application of I,T, to military

training.
A, Data Base
The data base consists of three principal segments:

(1) The estimated instructional cost per hour in both public
and military instructional sectors. These per hour costs

are based upon actual experimental implementation of various

forms of 1,T,

(2) The expected hardware, software, and courseware cost tionds

for I,T, systems,

(3) Actual annual data on the number of trainees graduated and the

training costs in the three military services.

These three segments of data are the smallest set of inputs necessary
to permit the calculation of dollar and manpower savings estimates

from the mathematical model,

Together, these three segments constitute an extensive data
base that can be used as a foundation for subsequent interpretations,
although for this study it has not been tapped in depth, Tie military
manpower and training cost data has been collected and codec

; some of

it is now stored in computerized form on disk files.

i3 Data Survez

Literature searches and on-site interviews were conducted
to initiate the data collection for Segment 1 of the data base,

The I.T. group at SRI utilized its contacts with the civil I,T,

Preceding page blank 25




comnunity and expanded these sources through direct contacts with mili-
tary and other civilian officials to identify and gain access to cur-
rent information, The survey identified in a very broad scope (not
clained as exhaustive) pertinent civilian and military cost elements

associated with I.T. Table 2 lists some of the individuals contacted

during the study.

Segment 2, cuuipment and courseware costs, 1is discussed in
Section IV-B. This segment of data was used to develop parameters
for the cost analysis and for testing the sensitivity of the cost

model to changes in these parameters,

25, Data Collection

To obtain the Segment 3 information for representative
costs on a course-by-course basis emphasis was placed on finding the
original data as actually recorded by each of the military organizations,
The level of detail sought was the individual technical military course
with all of its associated cost, curriculum, and student loading
characteristics, as actually pursued in a given time frame. The time
period selected was the most recent for which both training costs and
student throughput were available from the services. In all cases,
the sources of data sought were the most recently available (i.e.,
latest publications) course descriptions and cost compilations. For

examples, see Appendix B,

Sources of data included the formal school catalogs, the
staffing data, and school throughput data (trainees graduated) as
well as direct interviews with personnel involved in the training
activities of each of the three military services. Data were sought at
the headquarters and staff levels, and interviews were conducted with
both training management and training clerical personnel responsible for

preparing accounting data describing technical courses, For example,
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supervisory instructors were queried by SRI professional staff on ques-
tions of curricula, student motivation, reasons for and frequency of
changes in the curricula, and the mechanics and system for generating the
raw data on school throughput (uttondunco, attrition, and trainees grad-
uated) at the classroom level. The cost-per-trainee information was
sought and found in the financial and controllers' offices of the three

military services,

Pertinent special studies on costs that cover the presently
used definitions and methods f(or estimating the total cost to train
an inductee or volunteer to achieve a given skill level were identified,
and in some cases, the raw data from these studies were used in the

analysis,

Examples of the types of general cost information on training
that are currently available are the "Military Occupational Specialty
Training Cost Handbooks,' Volumes I and IT, published by the U,S, Army
Field Operating Cost Agency in November and December 1972, respectively,
"Annual Training Time and Costs for Navy Ratings and NECs,'" (fiscal
1972 edition), published by the Burecau of Naval Personnel, Department
of the Navy, and "U,S, Air Force Program Technical Training," Volume
I, published by the Headquarters of the Air Training Command, Randolph

AFB, Texas, in March 1972,

Professional military and civilian personnel of the three
service organizations who are concerned with the common curricula and
Joint cost problems were interviewed to ascertain their perceptions of

trends toward commonalities in both arecas.

3. Summary of the Data Basc

The established data base was placed in machine readable
form by keypunching directly from the source documents to cards, The
data base includes the following approximite number of technical

courses:
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No. of

Service Courses
Army 2000
Navy 1200
! Air Force 1000

This data base is now in a form amenable to computation using various

mathematical models. Alternative assumptions from those discussed below

may be postulated by various experts in the specialty fields of civil

and military instructioral methods, The data base is both open=cnded

and susceptible to rapid refinements and further iterations because of

its computerized form,

1. Sufficiency and Comparability of Data

The following anomalies exist in the present data base:

L] Cost accounting differences
L Catalog inconsistencies
(]

Variations in training methods among the three services

(vhich need further examination)

L A lack of complete, detailed course curricula descriptions.

Where the anomalies were apparent, they were excluded f{rom the data

sample used in the calculations. For the purposes of this macroanalysis,

it was concluded that the fine structure and detail in the complete

course curricula would not significantly change the results,

Cost accounting varies f{rom service to service, and, to some

extent, within a given service. No adjustments were made in the data

base to the total cost per graduate, and the definitions of the cost

per trainee are those given by each military service. Thus, costs of

cquipment used in a given training course may or may not be reflected
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in the cost per graduate, depending on the specific service's accounting

since the overall inferences from this study are not intended to have a

specific course orientation,

Dilfferences in military training catalogs constitute the
second cluss of anomialies. Because of variations in interpretations of
MOS (milltary occupational speclalty), AFSC (Air Force specialty
classification), and NEC (Naval enlisted classification), it is often
difficult to determine when courses with similar descript tons
designed to train an indlvidual for a given specialty have enough
commonality to permit their application service-wide with the aid of
new I,T. This anomaly is of no concern to the cost results reported
herein because all samples were specific to each service. Thus, thls

anomaly also impacts only the commonality aspect.

In some cases, courses may already be revised for programmed

instructions, or they may include other aspects of I,T, without such
cffects being reflected in the catalog or in the cost and throughput
data provided by the services. This implies that cost diffierentials
projected in subsequent sections based upon 1971 data reflect,

in some cases, savings estimated by the model that may have already
been effected., Again, this anomaly is of little concern to the overall
project, slnce the results are not intended to be dependent on single

courses,

The third class of anomalies is due to variations in training
nethods. For example, in teaching mathematics, the Navy uses classical
mathematical educational procedures, the Army prefers handbook
techniques, and the Air Force uses a combination of both methods.

These differences are not reflected in the military catalogs, and

readers should be aware of this type of inconsistency in the data,

Other variations in tralning--e.g., im-the-job training--also tmpact the
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net training budget and I,T. savings, but they are not reflected in

this study, which is based only on formal technical training, These

effects are discussed in Section V.,

In cases where data for a given course were incomplete, the

course was excluded from the data sample used in the calculation.
*
Nontechnical courses were not included in the data base, but evidence

suggests that the yield from newly applied 1.T, for these courses can

also be substantial,

St Sample Data l'or Calculations

The logistic problems associated with analvzing data on ovel
4,000 military courses are substantial, ‘The method used in this project
was to select sample courses from cach of three training commands, 'The
courses are representative of the peneral field of military training,
as described in the formal school catalog. Courses sclected represented

a diversity of curricula.

Restrictive requirements affecting these selections were that
the cost and manpower data buse be complete for the chosen course and
that a description of the course content be available. The latter
requirement, though not directly related to cost, is necessary to the
assessment of whether the appliecation of I.T, will be appropriate for
the given course. It allows the determination of present levels of
I,T. (in some cases) and provides for determinlng which I,T, media
would be most appropriate., With this knowledge, an estimate of the
form of instructional strategies, technical cquipment, and other ) O U
parameters can be compared with known conclusions [rom experimental

or prototype coursces,

Reports by Rlchard Atkinson, Donald Bitzer, Duncan lanson, Seymcur
Papert, Patrlck Suppes, and others, CONARC's Task Group Report on

CAI recommends ¢xten=ion ol I,T. application to nontechnical courses, as
does the "Shirtsleove” Conference. Also soe "Instructional Technology
in the Armed Forces,™ by Lt, Col, H. B. Hitchens (Ref. 23),
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Courses with zere throughput were rejected from the sample
used in the calculations, Courses that had an estimate lFor S(CT)=-the
fractional reduction in course time=--equal to zero were also excluded

since there would be no rationale for introducing I,T, in such courses.

The total number ol courses actually used in the calculations

was 119, drawn from cach of the services as follows:

No., of

Service Coursces
Alr lorce 30
Army 39
Navy 50
Total 119

The Navy data sample is somewhat larger than that of the Army and Air
lForce because the data sample from a separate manpower study (spounsored

by ONR) was also used as an input to the analysis for this report,

B, Mathematical Model and Payolf Criteria

The mathematical model used considers estimatoed costs for developing
[.T, programs; for obtaining, maintaining, and operating equipment; and
for creating and distributing training waterials, A single payoff cri-
terion, a reduction in course time that yields cost and manpower savings,
is the payolf Tunction that integrates the effeets ol 13 critical I,T,

variables,
156 Overvicw
The project team was concerned with developing useful models
and identifying significant parameters. Of particular concern was the

identification of a value function that would be quantifiable and

scelf-converging, so that cach iteration of the model would tend to
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improve the resolution of the benefit evaluation. From a qualitative
point of view, the study team searched for models that would generate
ranges of values for the given parameters and that would establish cost

levels above which the application of I,T, would yield benefits.

The data analysis is not rigorous in a mathematical or
statistical sense. Random samples were not seclected, and the size of
the sample was small compared to the total population. Course
selection for the sample calculations was based instead upon completeness
of data. Relevant I,T, variobles were identified, and attempts were
made to integrate their individual effects in a single payoff function,
Given the selected payoff value (fractional reduction in course time),
exemplary calculations for cost and manpower savings were performed.
The benefit was quantified in terms of annual military cost and

manpower savings,

The size of the sample courses selected is a minor restriction
on the results of the analysis; it simply means that the data base
has not been exhausted. The sample is of sufficient size to recognize
trends, to identify cost differentials, to relate the effects of
different types of cost factors on net cost, and to compare the resualts
of different types of I,T, innovations as reflected by the significant

variables,

Although the present study does not extend the quantitative
implications of these results to the entire field of training in the
military services, it provides the model and the mechanism for a more
comprechensive analysis that would provide estimates of the dollar
and manpower savings expected for each of the three military services.
The results make it possible to determine quantitative differences
in the adaptability of military training courses to I,T. and to determine
where further analysis and innovation are justified and where they are

not. The calculations were primarily intended to serve as background
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for identifying future research goals in addition to demonstrating a
method to quantify potential cost and manpower savings from appliced

I,

The Payoff Criterion

A single parameter, defined as the fractional reduction
in course time, and expressed symbolically as 5(CT), was sclected
as the basic criterion upon which to base cost and manpower savings.
The cost calculations were based upon values of 5(CT) that could be
achieved by the introduction of I,T, while maintaining the stated
course objectives and pass/fail criteria. The calculations were
based upon estimated values of 5(CT) for cach course sampled, These
estimated values were, in turn, detemmined by relating a set of 13
significant I,T, variables to each course studied. For each course
studied, an optimal mixture of the I,T, variables was postulated,
The model assumes a maximum value of 5(CT) of 0.5, The procedurcs

used for cstimating 5(CT) are discussed in subsequent sections,

3. Significant Variables

The 13 variables identificd that contribute to savings
in training time achieved by the application of I,T, emerged from a
study of a wide range of courses to which I,T, has been applied, as
well as technical training courses presently offered in the services.

The list was continually modified andd refined as new data were examined.

Additional refinements or modified interpretations may be needed in

the future to cover such situations as a second application of I,T,

to a given course.
The 13 variables were divided into four general categories:
[ Instructional strategics

Course content




L Course structure
[ ] Course ccnrditions,
a. Instructional Strategies

The four variables related to instructional strategies

are individunalization, ineificiencies, immediate feedback, and

cvaluation., They are briefly described below,

L]

Individualization--Many courses are written to

allow the individual student to proceed through
the material at his own pace. Some courses

also individualize the content of a course, ec.g.,
additional background material may be provided for
sciocted stwdents, students may be given varying
amounts of practice when learning a new skill, and
advanced material may be provided for certain

students,

Incfficiencies--Each time a course is revised, it

is likely to produce savings in course time by
culling out repetitive material, by clarifying
explanations that proved difficult for students,
and by removing outright errors., Application of
certain forms of I,T, (e.g., CBI) is exceptionally
valuable when removing such irefficiencies. For
example, the nature of CBI forces the curriculum
designer to be explicit about the poals of the

course and any performance measures involved.

Immediate Feedback--This is defined as a prompt

response Lo the student that gives him an assess-

ment and cvaluation of his input, When course




curricula can exploit immediate feedback to benefit
the student, the amount of time saved by implementing
I.T. (CB1, in particular) can be significant. For
most courses, immediate feedback to the student

is extremely important. Its major benefit to the
student is that it provides the basis for on-the-
spotl, ongoing self-evaluation. The choice of the
type of [,T, to be used is affected by the perceived

desirability of immediate feedback.

Evaluation--Ongoing evaluation saves testing time,
helps pinpoint and clarity misunderstandings that
could lead to the need for remc. -1 instruction,

and shortens course time by cnabling a trainee to

finish the course as soon as he vemonstrates the

desired performance. Evaluation results can also

aid the curriculum designer in course revisions,

b, Course Content

The four variables most closely associated with course
content are commonality, nonverbal representation, teaching algorithm,

and stability. They are described below,

e Commonality--Tinme savings in the preparation and
——— e ———

revision of curricula exist if commonality can bhe
found in one or more courses. The degrees of
commonality vary greatly, For example, courses
may be identical, at least in part; they may use
the same teaching or instructional logic; or they

may use the same equipment, such as, visual displays,

Nonverbal Representation--Potential savings are

found in the application of I,T, to largely nonverbal
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courses that deal with motor, graphic, or symbol
manipulation rather than linguistic manipulation,

It is difficult to adapt nonverbal technical

training to the traditional lecture, and much on-
the=-job training retains a high verbal component,
Applying selected forus of I,T, to nonverbal training
reinforces the desired visual/nonverbal component
while allowing student participation and interaction

with the teaching strategies.

® Teaching Algorithm--Some courses lhave sufficient

logical structure and content to enable them to be
expressed in algorithmic form. Such courses will
facilitate the use of certain forms of I,T,, such

as CBI,

L] Stability--A course is defined as stable if it is
relatively immune to changes in its basic curriculum
and structure, Courses with low stability are usually
more easily changed in an I,T, than a traditional
setting., Well-designed, modular CBI courses can be
ecasily revised to reflect modified goals or a change
in the instructor's viewpoint, and such revisions
are less costly than those for traditional coursces,
The distribution of revisions can be facilitated
by mailing cassette tapes or by using a computer

ne twork.

ch Course Structures

Three types of training course structures are simulation,

problem solving, and on=the-job training:
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Simulation--Simulation approaches may involve a

wide variety of media, and they may be designed

for use by an individual or a group or both., For
cxample, the trainee pilot can practice landing in

a safe situation, without the possible loss of
valuable equiment., Strategies can be examined
through the use of simulated war games, Weapons

can be tested in a variety of hypothetical situations
before field use, Computers are being used to "stim-
ulate” equipment to perform in an unlikely fashion

so that trainees can practice troubleshooting using
simulated malfunctions, Computers are well adapted
to simulation techniques because programmed situations

can be easily duplicated, updated, and calibrated.

Problem Solving--Certain courses deal with the

acquisition of problem-solving skills rather than
the acquisition of factual information, I,T, in
the form of CBI offers several advantages over
traditional approaches to problem solving. The
computer's problem-solving capabilities can serve
the student on an ongoing basis, and the computer
can be used to generate problems suitable for
cach student, Most CBI courses involving problem
solving show significant time savings over courses
using a traditional classroom approach, primarily
because of the ability of CBI to analyze portions

of the problem-solving processes.

On-the-Job Training--The amount of on-the-job

training (OJT) that is desirable in a coursce

affects possible savings in course time., OJT is
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d. Cours

closely related to simulation, insofar as
simulation may be viewed as an attempt to replicate
an OJT situation, Some OJT procedures strongly
interact with a number of other variables, such as

individualization.

e Conditions

The final two variables--proximity and heterogeneity--

are best described in relation to course conditions,

Proximity--Proximity is defined as the proportion

of a course that meets in the classroom rather

than on the training field. Proximity influences
(1) the amount of time saved through the application
of I.T. and (2) what type of 1.T., if any, would be

most useful,

Heterogeneity--In a traditional classroom, an

instructor usually finds it extremely difficult

to provide relevant instruction for a class whose
preparation and abilities vary widely. In most well-
developed I,T, courses, the trainee has the total
attention of the "instructor” in a course geared

to his individual needs.

e, Interrelationships Among the Variables

Table 3 indicates some perceived areas of interaction

among the variables.

Most such interrelationships are highly complex

and course-dependent. For example, individualization will usually

save course time, but if a course already uses extensive methods of

self-paced instruction, further possible savings through the use of

CAI may be marginal,

However, if the self-paced course yields immediate
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On-the=job training \\\ X
Course conditions \\\
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=

feedback, adding both individualization and feedback may create

additional time savings.

The interaction between OJT and simulation is similarly
complex, and the decision to use one or the other depends on the specific
goals of a given course, Stability and commonality also interact;
suppose two courses have identical content, but one is highly stable
and one is unstable., The stability factor strongly influences any
interpretation of commonality.

4, Estimation of 5(CT)

During this research, the 13 variables served as a checklist

in the judgmental assignment of adaptability of a given course to further

applications of I,T,

Ranges for 8(CT) from actual experimental results demonstrate
course time savings of 20 to 70 percent. The average 1s approximately
40 percent, Examples of 8(CT) from the literature served to relate
the course under study to a set of calibration data.* In each case,

a best mix of I,T, strategies was postulated for estimating the reduced
time in training expected for a trainee to reach a level of achievement

identical to that before the new technology was applied.

Fifty percent or more of advanced technical training in the
military services is OJT, for which no curricula descriptions are avail-
able, Therefore, savings derived from estimates of 5(CT) (based only on
existing written curricula) are lower than the total savings expected if
the proposed applications of I.T. were implemented both for formal school-

ing and OJT courses,

%*
Representative experimental values of 6(CT) used as calibration

data in this study are described in Appendix D,




Ranges of values were established for b(CT) , They are
commens.arate with the resolution of the input data. They permit the
classification of a known cecurse description into a category of
adaptability to I,T, Although the use of wide ranges for 8(CT) at the
microlevel or course level could benefit from greater quantitative
precision, at macrolevel (estimating total savings in dollars and man-
power for the DoD), it was not found necessary, Table 4 lists each
category for 6(CT) in Roman numerals, the corresponding range of values,

and the actual values used in the calculations,

Categories of 5(CT) for each course analyzed were determined
by first estimating an appropriate value of 5(CT). If, for a specific
course, a value of 0.32 was selected, the I.T. Adaptability Category

would be III and the actual value used in the calculation would bhe 0.3,

Table 4

CATEGORIES OF 5(CT)

I.T, Adaptability Value Used
Range of Values
Category in Calculation
I 0.00 - 0,15 0.1
I1 0.15 - 0.25 0.2
III 0.25 - 0,35 0.3
v 0.35 - 0,45 0.4
\' 0.145 - 1.0 0.5
(maximum)

Analytic formulation of the 13 variables relating to 5 (CT)
is premature now, However, the thought behind cach estimation of
85(CT) as it relates to ecach of the 13 variables can be exemplified in

some detail, as shown in the two examples discussed below,
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a. Examglc 1

Perhaps one of the best-known series of military CAI
experiments is the one conducted in the late 1960s and early 1970s by
the Naval Personnel and Training Research Laboratory at the Basic

. .Y 11,12,22
Electricity/Electronics P School in San Diego. As an example
of the SRI approach used to estimate Y(CT), consider the tnductance

module of the curriculum, discussed by Hurlock.

Prior to applying CAI to the course, the module on
inductance comprised 17 hours of instruction, consisting "primarily
of lectures, question and answer discussion periods, drill and practice
sessions, assignment sheets, demonstrations, and short laboratory
cxcrciscs."12 Presentation of the course content was appropriate
for introducing the student with little background to standard concepts
involved in inductance. The following evaluation relates the module

to the 13 variables:
] Teaching strategies

= Individualization is seen as very important

in such a course, where there is likely to

be a great diversity of ability and interests.

= Inefficiencies in such a course are likely to

be high, since lectures and verbal discussions
are relied upon to teach many concepts having

a high nonverbal component.,

= Immediate feedback is applicable in several

important areas in this course, mainly recognition

and definition of terms and problem solving.




Evaluation is particularly useful in such a

course, when detailed information can further

individualize the course and prevent the need

for remediation.

Course content

Commonality of a topic, such as inductance, is

high., It is found in a number of specialities

in all three services.

Nonverbal Representation is common in this

subject area, since much of the content is

casily presented in diagrams or symbolic form,

Teaching algorithms are standard conventions

for teaching basic electronics theory.

Stability of such a course is high, since few

changes in content, goals, or equipment occur,

Course structure

Simulation is easily and usefully done using
"real" laboratory equipment that is both

inexpensive and easily managed.

Problem solving is a very important part of

the course, since it is a major route to a good

grasp of the subject.

0JT is low for such an introductory course in

electronics, However, the use of "real"

equipment in a sense partially simulates OJT.




L Coursce conditions

= Proximitx to the classroom is high for such a
course, No field experience is needed at

such an elementary level.

- lleterogeneity is probably high, Students can

be expected to vary widely in background,

ability, and interests,

The above considerations lead to the conclusion that the
application of I,T, to this course--in a form that promotes individualization,
immediate feedback, simulation, problem solving, and ongoing evaluation--
would result in significant savings in course time. Thus, the estimated
value of 5(CT) is 0.5 (Category V), This value of 5(CT) corresponds well
with the experimental results of 48.5% reduction in course time as

12
reported by Hurlock in 1971,

b. Examglc 2

The second example is the Navy's current Basic Electricity
and Electronics Course, identified as Course A-100-0010, This course
was developed as a result of such I,T, experiments as Hurlock12 applied
to the inductance module, This course already incorporates an individ-
ualized learning system., It is assumed that a second application of I.T,

to the course will result in lower time savings than the original appli-

cation,

The inductance module discussed in Example 1 is a sub-
set of Course A-100-0010, and the majority of considerations regarding

the relationship between the course and the 8§(CT) variables remain

the same, However, those relating to individualization, inefficiencies,




and immediate feedback are somewhat different, In particular, the

individualization variable contributes less to time savings, since the

course has already been adapted to meet an individual's nceds. Sowe

additional individualization is assumed to be possible, however, because
of new technology and/or research results on instructional strategies,
Similarly, since I,T., has been applied to the course, it is assumed

that inefficiencies have been greatly reduced in the course. Immediate

feedback remains an important factor in the course to enhance the
student's control over his rate of progress in this highly individualized

course.

These considerations led to an estimate of 2(CT) as
0.1 (Category I) for this individualized basic clectricity and

electronics course,

© Cost and Manpower Savings Calculations

) Variables and Parameters

Cost and manpower savings for the sample courses were calcu-
lated using the estimated &(CT)s as independent variables, Other
significant variables, their mathematical representation, and their

source, are indicated in Table 5.
Table 5

VARIABLES USED IN THE CALCULATIONS

Variable Description [ Symbol Units Source

Fractional reduction S(CT) None Estimated
in course time

Throughput ) Graduates per ycar Data base

Course time t Weeks Data base

Cost per graduate G Dollars per graduate Data basc




L

The model also assumed two additional parameters: (1) equipment

costs, represented symbolically as CE and expressed in terms of dollars

per terminal hour, and (2) coursewarc costs, represented as CC and ex-
pressed in dollars per courseware hour. Both CC and CF are represented
in the mathematical model in terms of amortized annual costs, This is

; however, it may be

A

consistent with common practice with respect to C

)

confusing with respect to courseware costs. The following example should

clarify the terms.

Assume, for example, that the total cost incurred in preparing

one hour of I.T, coursewarc material is $2000. Assume further that this
material mnst be completely replaced in five vears and that it has no
residnal value, Amortizing this cost over five years yields an annual
courseware cost of $400 ($2000/5) per hour, The mathematical model uses

the amortized annual cost, $100 per hour, rather than the total cost of

32000 per hour, and the results are calculated on an annual basis,

In estimating total I,T, costs for cach course, it was ncces-
sary to e¢stimate the on-line factor, OT’ the proportion of course time
during which equipment and courseware would be in use. For courses with
a large involvement of I,T, and a large estimated 6(CT), there is a rela-
tively heavy use of equipment and courseware, and 0T would be large, On
the other hand, where I,T, is of little use, both §(CT) and 0T would be
low. For this study, 0T and 5(CT) were assumed to be linearly related:

0. = 5(CT) + 0,25 ,

0T is a fractional, dimensicnless term, This formula allows O to range
from a minimum of 0,25 when the addition of I.T. has very little benefit,
to 0.75 which corresponds to the upper Himit of I.7. that is considered

to be desirable. Refer to Table 4 and its associated discussion, where

the range of f(CT) is presented.




0T has a major impact on the calculation of the cost of imple-

menting I.T, in a course because it determines both the number of class

hours that are devoted to equipment and the required number of lecture

hours that must be converted to courseware hours, This is discussed in

greater detail below,
2. Equations

The four principal cquations are those for:

. Total cost,

. Cost of implementing I.T., as measured in equipment
and courseware,

. Cost savings,

. Manpower savings,

The annual total cost, CT’ is determined by multiplying the

throughput TP (number of graduates) by the cost per graduate CG’ i.e,,

(G g~ al ] 5 (1)

The annual cost of implementing 84 16 is a function

IMP’
of equipment costs, course time, courseware costs, on-line factor, and

throughput:

= - % 0_(C e (C . .
CIMP Ll Sl [1 (CT)] x T(I«: 3 p c) (2)

’

In Eq. (2) the first three factors represent total hours per

year devoted to I,T, training, and the expression in parenthesecs represents

the annual cost per hour of I.T, equipment and courseware, A machine load-

itng of one trainee per terminal is assumed, A dimensional analysis may

help clarify the equation:




hours

@ equipment cost
IMP ~ week

v weeks . - ¥ annual terminal loading
terminal-hour

annual courseware cost
7 (2a)
hour
This recduces to:
annual equipment cost
C = total classroom hours X
IMP hour
antual courseware cost) (21)
3 2b
hour

, are determined by applying the

The annual cost savings, SC
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