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. ABSTRACT -
* A SYSTEMATIC TIPLEMENTATION STRATEGY .
Ut FOR COMPUTER ASSISTED LEhRNING IN INDUSTRY )
Lucien Pierre Guillaume : -

.

A-systematlc implementation stratepy for computer assisted learning

in industrial training is outlined on the basis of the literatdre in

the field. The stratepy is then applied to the situation prevailing
. > o . .

. 7 - '
. in Air Canada in order to determine the crgpinl variables and the -
*» . - °

. LN .
limits within which profitable- implementation could take place. The

‘. H
analysis reveals that the most sensitive assumptions for the sclected
alternative are those connected with the Fate of implementation and -

: . ) : '
in particular the size.of the instructional development team and its

learning curve coefficient while the threshold of profitability depends

A ' : - -
largely ‘on the .cost of computer transactions. This could also probably

be the case in other corporate settings where the operaticen of thg CAL

unit requires a limited fraction of the capabilities of ah existing .
. ) ‘ ] : . . C
large coffputer network, glthough the magnitude of the henefitslwould

depend on the pattern of training, financial compensation of the work-

_force and internal criteria of evaluatiom. It 1s concluded ;hat-this

system modelling method provides a more than adequate basis for imple-

’ ] - ._.f-
mentation decision-maklng since it provides specific directions repat-
n

~

ding the optimum rate of implementation and the prioritization of pro-
duction, specifies the key areas Lo be monitored and delimits the ranpe

of profitability. TFurther research on the optimal composition of deve-

lopment teams and of their production output of preecisely defined typgs

AL materials would be of considerable value for tﬂis type of study.

-/
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CHAPTER 1

GENERAL ENVIRONMENT

In today's dynamie environment, survival depends as much as
ever on the faculty of adaptation. éocial séstems must -absorb
various forms of dissent and adjust to.pressures in order to retain
their fundamental integrity and avoid revolutionary upheavals‘which
could destroy or misshape them beyond recognition. In a similar'vein,
-the niabilgfy of economic entities depends in large part on their
ability to adapt to ¢hanging conditions and to adopt emerging tech-
nologies. Tney can thus keep on developing, although in a somewhat
modified form, instead of becoming fossilized and withering away.
In the business world, tPe early adoption of an inmnovation .
carries with it an implied gamble. In case of success the corpora-
tion is far ahead oE its conpetition and can reap unchallenged the
benefits of its decision, one of them being the rec‘gnition of its
jead in the field, while others must struggle to regain thelr posi-
tion and their share of the market. If, however, the undertaking
turns out to be a failure, the firm must absorb the losses and re-
gain lost ground..-it is theYeéore quite understandable that tho-
‘ rough objecfive research must be condncted prior to committing
resources 13 a new direction.
The selection of the optimal timing for the Ehangeover to a.
successful technology is a‘critical decision becanse'zhere is a’

penalty to be paid by those who let themselves'lag behind in the
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business field: They have to struggle to rejoiu the main group and
keep ‘up with their predecessors, "or they are left to perish behind

as the industry keeps forging ahead in great forw;rd surges. When
they succeed in rejoining the mainstream, they find that they have

to accept standards created by others ‘without their input.

Innovations must be adoptgd at the appropriate pace which. will

minimize the hazards to the organization. The degree of complexity

of the decisions required of 2 corporation to move at’ that pace

demands the use of the rational objective techniques of Operations

Research.<™ s s —

.
‘. .
v

A similar situation prevails in the educational domain. Monte~
merlo and Tennyscn (1976, p. 8 describe some of the probléms asso-
ciated with the predictable 1ife cycles af educational innovations

and refer in pqrticular .to the .bandwagon effect described by Milsum

. (1968, p. 43): As the number of researchers with a vested interest

increases, the resistance to critical examination and to_cons%?era—

2

tion of alternatives grows together with unreasonably optimistic
claims. The reputation of a panacea disappoints people with high
expectations; who attempt to use it,.and this, in turm, creates a

wave of criticism and, backlash leading to the downfall of the inno-

vation.

This pattern has occurred in comnection with the use of computers -

in education. It no¥ appears, however, that their application in the
t

instructional field has-been institurionalized and that the period of

extravagant claims and boundless enthusiasm is over. A stage of
3

s S §




maturity has been reached when experimentation is cdndﬁcéed syste-
maticélly and the variocus uses of computers in education are being
thoroughly documented. Some cf the most visible examples on a
‘major scale are the setting up of‘the National Deyelopmént frogramﬂe
in Computer Assisted Learning in 1973 in the U.K., the ;esearchf
conducted’ by tﬁe Canada National Research Cogncil'and the studies
undertaken by the Industrial College of the Armed Forces in the
United States. ‘ -
Compuper—&ﬁﬂsted'leérﬁing has been adopted in airline branchés
éni 9ivisiops where safety reasons and the high cost of -alternative

methods of training make it the obvious choice, such as in flight

simulators used for flight deck personnel training. Its use has

hd .

alsec been extended to applications affecting directly a steadily
increasing segmént of the population with the resulting effect that,
while it retains some of its initial glaﬁoq; and aura of mystery, it
is being readily accepted by potential users.

In the.business environmenF, the goal of corporate management
is to opcimizé the profitabilit§ Qf the firm, and instrucfion is ‘but
one of the ﬁéans available to achieve this; The value of a training
organization is based on its contribution to the aéeomplishmeng of

the firm's primary goals. Because it is responsible to’ ensure that

1

-~ 4
its methods are, and remain, the most efficilent under the prevailing \

circumstances, the training organization must periodically survey the

current situation and assess the potential effects of avallable



innévations on its operatioms. Current trends indicate that the
voluyme of training réquifémén;s, and their costs, are increasing,.
while, the cost of computer hardﬁa;e is decreasing. It Seems tﬁere—
fore reasonable to expect that, at some- point, thé curve;'will inter-

sect and the introduction of computer assisted learning will becéme

1 4 . .
.
cost-justified. /

" The effect og a new technology is generélly not limited to a

-
.

simple material or-procedur&i substitution; it also modifies to a
~certain degree the environment intp which it .is being incorporated.
Thus; it is misleading and sometimes pointless to attempt a straight

‘comparison of the "before" and "after" type without considering the'

i

peripheral modifications resulting from the;implementation.. For

-

example, the quality of fhe current tfaining activities can be

] "

improved by the introductigﬁ of automated methods;pecause cf the
strict discipline that they impose on the instructional designers.
Baprette 61976, p. 279) mentions, for instance, that the introduction

,. of CAI in the Canadian Armed Forces has clearly revealed that the

- - -

instructors on the conventional courses were not cgvering as mﬁch
detail as theé course description suggested. Although this may be
seen as an incidental side benefit, it makes it worthwhile to ensure

that ;ﬁgfnew technology is implemented as soon as possible after it

passes the cost-justifjcation point, and not just at a much later

-

g date when the advantages have become quite obvious to the casual
. .
observer. : . \\
o



' The- sub]ect of this thesis is to construct a methodology to

determine whether, ‘on the basis of the currently available knowledge,
the creation of\d Computer Assisted Le&?ning unit uith%n a ;pecif;c'

industrial environment could be economically juéfifiéd at the present
time. The environment selected is the Traﬁsbértation Service braéph

of Alr Canada, with its actual structure and tonstraints. Although

the intreduction of ceomputer technology would yndoubtedly result in

benefits in the areas of increased standardization and efficiency, it

is not possible to state without some research whether this innovation

is cost—}ustificd. The study will reveal whether the time is apprg-

B

priate, for this transition from an economic standpoint; if it is not,

a

it will indicate which conditions are to be met before it should be

.

considered in the future. Although the project centers cn the charac~

teristics of a particular segment of the airline industry, it is expectéd

‘that the main interest lies in its polential for generalization to

other similar situations. -

- : ‘Definition of the Wider System ==

. .
The envirenment within which the.Computer Assisted Learning unit

’ s
could be created can be seen as a hierarchical arrangemént of “open

’

systems, open in the sense that they exchange information, cmergy and

materials amonp themselves. Within the framework of the study, the

corporation may be seen as the encompassing suprasystem, operating

within a commercial, social and political context. As such , 1t

- .

.
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provides purpose, input, resources and constraints to its subordinate
elements. ' . ‘
At the next lower level, the supersystems are the various geogra-

phical ;egiéns and functional branches of the" corporation suych as

Tran5portati0n Services,lln—Flight Service, Maintenance, and Computer
. : ~ '

Services. These are parallel entities, each one with its autonomous

organization and specific’ purposes. Their, missions complement one

) ' I
another so that the goals of the corporation can be reached, and they

_compéte for a limited set of availlable resoQurces.

’

The Transportation Services ‘branch differs from the others in
that its personnel'is shgdivided into a greater variety of employee
classifications, spread over a wider number of locations than is the

case for the other branches. Furthermore, the scope of its activities,

'

reflecting its close association with the daily operation, manifests

itself in a fairly constant stream of relatively miﬁor procedural

changes between major modificaticns affecting the corporation as a

whole (such as the introduction of a new aircraft type or of a com

puterized support system, for instance}. -

.

This branch is subdivided into smaller elements, such as its
Erainipg organization and divisions corresponding:;o-Aircraft, Cargo,

Load and Passenger services, each one being a complex grouping of
man beings, machines and facilities, together with their interre-
ationships. Geographically, the training organization is spread”

over six semi-autonomous regions, with representation in headquarters

)
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for coordination and development. A

Functiénally its activities may be grouped inte ;he‘five clusterg
ifentifiEd by Warren (1969, p. 26): (2) Research, to keep abraést of
development in instructional areas, (b égalysis, to define the scope
of the training action required, (c) Developmént, to design and pro-
duce training plans And materials, (d) Operatioms, t; implement the
training action,'énd (g) Evaluation, to procduce thg strategies and
materials for judging the training action and the trainees' perfor-
mance. °

The training organization includes managers and supervisors,
training prograﬁ developers and instructors. %t also includes the
various categorigs of ;raiﬁees: The'majority are company employees,
most of them covered by collective agreements and fcllowing a set:
career path by promotion from én "attendant™ to an "agent" level.
The balanée is constituted by outsiders such as travel agents for whom

the corporation has training responsibilities. The resources of the

training organization include a financial budget approved at a higher

‘hierarchical level, which 1s translated into manpower levels, equipment

\
and'~facilities. . 1

1 i

I

,
-

Objectives of the Wider System

The objectives of a system cannot be disassociated from those cf

the higher level units.which provide the general goals and the speci-

e
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fic directions for all their subordinate elements. Thus, with its
?nspiration flowing from the top, the training organization is seen
by Warren (1969) as the clement of the corporation which has for

) .
mission "the attainmeht of a group of planned and predef%ned beha-

viour changes required b} the other systems in the organization to

* .

carry out their mission' (p. 26).

The output of the training organization of the Transportation
Serviceé Brancﬂ reflects the demands étated;by thé parallel systems
in the form of performance standards representing the désired attitu-

dinal, skill and knowledge cﬁanges‘required. The input’ of resources

*

is controlled in such a way as to eliminate or reduce the danger of

&

suboptimization at a higher level. Conflicts in the area of objecti-

ves are resolved by (a) weighting-of certain aspects and (b) .imposi~

tion of certain constraints.
/’ -

As a result the product of training reflects the concerns of the

corporation while its quality matches closely the level of actual

‘necds. Wh%le the analysis and evaluation of tr&ining prograins could

be carried to a more refined degree, and the details of their prepa-
ration measured and recorded with more precision, the resources
expended would not be recoverad over the life of that training pro-

gram. This situation is an application of a cardinal rule of accoun-
L

.ting systems design stated by Fremgen (1966): "The benefit derived .

from an accounting technique must always at least equal theﬁexpense

of that technique" (p. 20).
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As part of its'miséion the training organiza:ion is responsible
éo increase its productivity through internal efficiency. As
expresse? by Montemerlo and Tennyson (1976) '"the primary geal of
training designers 1s to ensure cost—effecti;eness, that is, the

‘meeting of all training ogjectives in the least costly manner" (p. 17).
It>makes better use of "1ts resources by'aiming at ; higher internal
return on investment. - -

- To meet thesé responsibilities the training organization is en—
gaged in a continuous scan of new possibilities which it can assess for
potential use. Thi? search task includes: the collectio;;and exami-
nation of relevant published materials and the interface with similar
organizations which may be applying effective new tralning approaches,

especially in the same context, such as British Afirways and United

Airlines. \

Formulation of the Training Organization's

.

Problem '

The sraining organi;ation of the Transportation Services branch .
has been instructed to reduce its expenditures, or more specifically '(/
-its unit costs. This implies a streamlining or rationalization of its

interna} operation in crder to increase its productivity. While the

level of its resources remains basically unchanged, it is expected

.

that the volume of demands placed on, the organization will increase



Ce ' -~ .
sigpificantly."‘ . : .

L

. s »
The growth of the training produétion level can be traced to

severai causes é?ch;as:' (af’avfaster rate of ;hange-in basic pro-—-
cedures, designed to enable the corporation te ;eact.mo:e readil; to
envi;onmental preésures such as competition, consumerism, and govern-—
mental rEkulat;ons, (b) progressivé installation of more sophistica-
téd, (e.g- computerized) systems in the areas of passenger reservations,
cargo handling, and aircraft weight and balance, and {c) increase

in trainiﬁg contacts with travel agencies as a result of expanding
industry-wide standardizétion~of progedures. .

An analysis of the expense budget of the training organization
reveals that its major cost itéms.are att?ibucable to on-going
jmplementation of the training action, that is the “"Operations™ ele-
ment of the Harren'(l969) classification. These costs, whié% are easily
determined because they are regulated by labour'relations contracts,
fall under.such areas as: {(a) salaries of trainees and instructors
during a course, or while prbceeding to a course locatiocm, (b) travel
exgénses of trainees and instructors.away from their home bases, and
(c) overtimé wages of trainées attending courses during theilr sche—
duled time off. . |

The an;lysis also reveals that otﬁef circumstances contribute
to the high cost of training, for instance: (a) new procedures re-
quige a lengthy implementacioﬁ time because the number of;instrﬁctors

ig insufficient to train the workforce rapidly, (b) training records

are time-consuming and cumbersome to maintain, and (c} in standard

PR
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courseswith a set duration, no provision is made for the individuali-
zation of training with respect to speed of learning and the course.

.
v

is géared to the épeed of the slowest learmers. .
' While several remgpial measures could .be implemented, it would
X , Lo

appear ;hat a computer based facility could improve thi’picture consi-
‘derably. . In 1971 McLean, Ragsdale énd Cﬁurchill of-the On;ario Insti-
tute for Studies in Education concluded their report on a’Foﬁ3uter
based training laboratory by mentioning that: “’

The continuing downward spiral in costs of computers and ter-—
minals ﬁow'mages it possible to move into the application of
' compute;.assisted vocational imstruction w;th a solid promise
of‘fghievihg results which are of real benefit to the students,
and céh.be obtalned at a cost which the educational system can
rationally support. ip. 46)

Some of the most obvious benefits resulting from the simulta-
'neOus and permanent availability in CAL form of a course lnclude

(a) a reduction in the lead time required for implementation of a new
procedure so that its benefits can be fteaped earlier, (b) the elimi-
natiéq of waiting tiﬁe so that a promoted individual can assuiie -his
higher position earlier, (c) the possibility of training duriﬁg-down—
time, thus eliminating the need for overtime pay; (d) ﬁhe reduction or
elimination of travel expenses, and (e) the overall reduqtion qf
training time as a rESulf_of self-~pacing. .

While the "operations" element of the training organization would

become less costly, the "development' element responsible for the
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degign'and production o? didactic mate;ialg would become more
expensive. A shifc of‘manpower from instructors (Operations) to
program developers (Development):can be anticipated. Because some of "
the respurces required are within another branch (Computer'Services),
it becomes necessagﬁ to assess the overall effect on the suprasystem
with precision and to determine.whether the final ouﬁcome benefité
the corporation, either because the training organization is able ;péf ' ’
contribute proportionaliy more, or because it can release some of its
previous resources.
Because the situation investigated is expected to_fall in a mar-
ginal area'ofAéconOmic p?ofitability, the §e1ect}0n of an off—the-shel?
system ﬁhich would meet the needs with wide margins allowing long
experimentation periods under conditions of dubious operating efficiency
is not appropriate. The manner. in which the problem is tackled may very
well mean the difference between success and failure: -Any decision, ’
from the seléction of pefsonnel to Qh?lrate of introduction of addi-
© tional programs,‘can affect the profitability of the ficility.. Under
"these circumstances it is wiser to agcept-iﬁitially a minimal system'
which can.be'expanded progressively to optimal- capabilities: This
approach involves the use of available manpower, equipmenf’and facili-
ties in successive steps of increasing sophistication.

- The thesis probleﬁ therefore consists in developing a good

prodédure to assess whether, under a specific set of circumstances,

the time is ripe for transition to this capital-intensive technology.

-

|
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Sufficient material of ‘suitable quality is available in the

research literature covering the state-of the-art ia Computer

" Assisted Instruction to allew Educational Technologists'faced with

the spepific combination of resources and .constraints of an actual
situatioﬁ to design a model which will provide a rational basis qu .
an implementation decision through the use of some simple Operation;
Research techniques without. the assistance qf a team of spécial%sts.
Desp}te the divergence of opinions publishei_in most areas
connected with this subject, a s#ffiéieht core of informed agreement

1s now available for the creation of a model fitting actual circum-

T
b

stances and which, while pinpointing how risk can be‘minimized, will
reduce the margin of uncertainty to a degree where:sensible decisions
concernihg the alloéation of resources can be made.

This is an investigation of the extent to whieh such a procgdure
i& viable as a method for reachingan appropriate aecision meeting
the appfﬁval of th&sé levels of management responsible for the final

results and accountable for the resources ‘expended. -

A 'Systems Approach', more precisely the version deseribed by

Jenkins (197&),.§ill be used as a framework for combining thez theo-~

retical elements of the contemporary research literature on Computer
Assisted Instruction with the specific resources and eonstraints

of an actualfsituation.

The search for the answer will lead to the factors which influence

a

the final decision and allow to determine which alternatives are open,

-



3

© prove coét-justifiéd.

It will cla:ify which order of progression or which strategy should be

-édopted‘in order to obtain maximum benefits from the decision and to

minimize the hazards to the corporatiom. It will provide aﬁswars to
such questioms as: (a) in which succession of stages should the
dévelqpment prgceéd?, (b) should the designer rely on commercially
available systems or develop the internal capabilities of the cor—-
pqration?, (.¢c) what economies of scale can be realized by increasing
the number of trainees?, and (d)-what would be the cost of developing
— .
the same courses in two different languages? etc...

The result will indicate whether a change would prove bgneficiai
at this time. If it proves to-be the case, the decision to implémenc
will be complemented bi a set of specific steps to be taken in a
spécifiedlseqﬁence ﬁithin a knoﬁn margin of tolerance. If the out-
come’ is negative' the study w111 provide a blueprint for decision
which can be used again at a later date with an indication of the

conditions to be met before the implementatiOn of a CAL facility may



CHAPTER 2

REVIEW OF THE LITERATURE -

Thg subject ﬁatter of this st;dy may be seen as located at the intef;
secti;n of several speclalized areas of human activities. The bulk of the
relevant literature can therefore be found in fgur main eclusters: (a) |
Computer Assisted Learning, pa?tly'for its instructional, but mostly for
the technical aspects of i;s imgiementatioh, (b) Economics, fhr the ﬁrovi—
sion of key financiai concepts, (a) Operations Research, for the hevelopment

lof‘the methodology, and (d)';he Systgms Apbroach for the .provision of an
encoépassingafr;meyork. Although each of these fieids can be studied im -

L3

.abstract terms, they provide their most valuable contribution in the areas

-

oﬁ combination where they overldp into practical applications}

Computer Assisted Learning

The nquer of books and publications on computer assisted learning

(CAL) seems to be growing at an exponential rgﬁe. It is therefore necessary

to survey the field and sumﬁarizé.periodically the situation: - Zinn.(l978)
has conducted, for inséanqe, such -an evaluative review of uses of comptiters
in instruction which outlines the full spectrum of ;omputer uses, of me-
thods of iﬁplémentation, and of;suitaﬁle gquipment from which appropriate
combinations can'be‘selected for further investigation.

. Magazines and other periodiqals; whether addressed to the teaching

community, such as "Educational Technology', or to the data-processing pro-

fessionals, such as "Da&éﬁation", constitute another valuable source of

&

l
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information. Vendor documentation, such as that produced by Control Data
and Univac, specifies the availability and operating characteristics of.
actual sys:ems. These sources ensure that we are up Fo_daée with the
" current state-of-the-art in a field where the reee of change,is eeite
. rapid and information therefore becomes obselete within a yearn or two.

-~

Management Decislons in Business and Education.

®
’

In his article tracing the development ofldecieion systems In business
management , Hoeking (1976) concluded that "eurrent trends.indicate.that the _
need for qumtitative models to be incorporated withie these Systees is “
juet now arising" . (p.57), He rema}ked tﬁaf“in 1964 John Diebold already
saw the need for a new profession which could brldge the gap between opera~
tions researcher and manager. He related the implementation of complex
computerized decision systems to General Systems: theory and to the systems
approaég'while pointing out that management must reeognize that no machine .
can be better than‘its_daea'input, and ehat where hard aata are'net availa-
ble,_hhman judgement will have te be substituted.

McMillan and Gonzalez (12965) show that mathematical and stetisticax |
methods are available for this type of undertaking. After depicting eon—

-

cepts such as probability and queuelng, they cover areas such‘as mpdelling

and simulation and move into the areas of computerized models for complex

-

decision processes. Although they recognize that computef simulation is

no substitute fqr.fermai analytical procedures, they consider that it allows

- us to build and procebs systems models which produce operationally useful

i

informatien at an acceptable investment of time and .effort.
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In the business world a decision tool of this nature has been

y . designed by the McDounell Douglas Corporation(1976). The Air Freight

Decision Tool {AFDT) is a conputer based system providing a breakeven point

(in value per pqund) where it becomes advantégeous to switch from surface to

a;f'tianSportation. The various inputs can be manipulated to show their

T
influence on the final results. This industrial apbroach to selling, rational
and objective, replaces the traditional salesman's approach based on persua-

sive perscnal characteristics and interpersonal rapport. The final display

"is the result of logical decision processes built into the computer program.
These_pro&esses are represented by a set of Interrelated equations based on

well-defined assumptions. The computer merely calculates and presents the

results as a value figure or a graphic display; these results are purely

. logical and must be accepted if the underlying equations and input data are
' , \ : - .
undisputed. - N

The AFDT incorporates a sansitivity analysis which, being a usefqu\\

method for identifying the factors most likely to afge%é;the-outcoﬁe, is

a desirable Eirst'stcp in the appraisal of risk and uncertainty Risk has

been differen{iated from uncertainty by several authors, such as Pearce o
LA
' i (1971, p. 60) who defines a risk situation as one “wherg the value of 'a

~variable (the benefit flow, discount rate, costs) is not known but its

probability is known'", whereas "...uncertainty...pertains to a situation

e Ch i v ———a

-

in which th-e. probability distri‘n is not known at all''. ‘ Corti (1973,

©op. 75), who uses a 51mllar definition, find; the usefulness of the risk-
uncertalnty dlstinction to be open to qucstion in practice and considers
that the essdhtial point is the incorporatidn of the available information

- into the decision process through the use of: (a) analysis, involving the

.
i. _ . . .
.
.

Y
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estimation.of probabilities, and (b) decision critefia.

In conditions of great uncerﬁainty Corti(1973, p.79) considers that
the decision:rules developed frgm game theory, while avoiding the doubtful
stage of subjective probabilities, do not make full gse,of the knowledge
;vailéble. In risk situations where re;sonably objective probabilities can
be assigned, the expected monetary value, incorporating an allowance for
fisk, can be derived through the multiplication of the average of each
possible outcome by its probabiiity. This sﬁochastic approach is also’
considered and described by Pearce (1971, p.6l) and Dewhurst (1972, p.42).

Corti (1973, p.79)-;1§o mentions that a different apprqach to the
tre;tment of riss_is to adjust ghe.discount rate used to calculate the net
pfesent ;alue of an investment. Pearce (1971, p.60) presents’a ﬁormgla
sﬁowing the addition of a 'risk premium’ to ‘the discount rate. Both agrée
that this methed is mo;e appropriate wheﬁ risks are.a function of ;ime aﬁd
that its use shoulﬁ be‘restricteﬁ_to‘théée cases.

Since educati?n is-a form of management it must aéply the methods

which are successful in the business wgrld.- Mitchell, for- instance, who

has established and substantiated the connection between Operations Research

.

and Educaéional Technology in his.paperé on queueing theor; (f§76a) and
network flows (1976b), sees the educaéionanEechndlogist as bridging the
gap between educational needs and resources.

Silvern.(l972, p.47) found in his applications of syst?ms engineering
to tréining that the key to success is organization using the logical meti-~
culous design and implementation of an orderly structure which is provided

3 : . .
by syStems engineering where techniques such as flowchart modelling and

simulation have been responsible for much progress. For him, whétherﬁ}t is
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in business or in training areas, the use of the digital computer, once

a mathematized flowchart model has been produced, is a2 most natural step.

Cost Analysis

t

—

Kopstein and Seidel (1969) have produced a comprehensivf study of the .
economics of computer administered ingtruction which may be considered as
a classic example of the kind. Covéging categories such as: (a) elementﬁry
and secondary education, (b) higher education, and (c) military technical
‘training, 1t may be seen as an attempt to m;p out the territory of a medium
in its grswing stagesi

While recognizing the difficulties inherent in comparing two methods
with d}ffarent characteristics and areas of applicatién, especially when
one of them is in its. development'period they éére able to arrive at repre-
sentative cost figures by combining typical cost data and standard 1ndustry '
practices with conservative estimates based on ,a varilety of reasonable
assumptions ranging from the relative effectiveness of CAL and traditional
instruction, to the'compositioﬁ and duration- of ﬁbrmal classes, and to the

o

abilit§ and willingness of society to invest in means-toﬁ%rd educational

L3

goals. ' . e /

Finding the concept of a mean CAI cost to be obviously meaningless,

]
[
'

they concentrated their attention on the cost determingnts (hardware, main-

[}

tenance, software, instructional programming, and administration) and the
degree of their effect under various conditions. They were able to make

comparisons based on the cost per student hour for the -educational strata

considered. .,
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Because'gomputer facilities differ in practically every respect, the
cost of the stuaent—contact-hour (scy) is often used for comparative pur-—
poses. This convenient measure,'however,lcan be used only as 2 rough index ’
unless the facilities are quite similar because ""that calculated cost..-
is strongly affected by assumptions about factors in each cost- cate%ory x
(Kopsteiln, 1969, p-336).

. Because of the lack of some objective jnformation, the approach becomes
more meaningful when it turns away'from precarious comparisons and towards
an estimation of how much €AL cau be permitted to cost. The study becomes
an investigation of the conditions under which CAI can remain below the
expected cost_of traditional instruction projected into the future.

Because the study is restricted to facilities designed for training
very large numbers of users and because the hypothetical situations Qes—
cribed are-not expected to match actual facilities, 1ts value resides mOTE
in its comprehensive-description of what the ‘fi{eld of computer assisted
iostruction entails, rather than in the cost figures derived.

A different approach was " taken by Fitzgerald (1973) to calculate CAl
costs by means of an oversimplified cost-benefit model embodying the speci—
'fications of: (a) personnel, and. (b) delivery costs in a series of steps
involving givens, postulates, examples and conclusions. Although he pointed
out that an exhaustive analysis can bedome obsolete before its completion
as a result of the announcement of a new technological development with a
different price tag, this treatment appears superficial because‘it mentions
"hours of consumable é?ﬁ" without regard to their effectiveness and because,

it considers average ratios throughout the model (number of 'job units' for

each SCH, and production by each category of personnell without making
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provision for variatioms in the types’of lessons or in tne yearly SCH
requirements of students. As‘a result the value of the study is to be
found more in his ocutline of the problem and of the need for quantification
in instruction, and CAI in particular, than in the mddel which only illus-
trates.points made in the_paper.:

Kopstein and Seidel consider that "the rate at which any technological

innovationeis allowed to develcop and the acceptable level of risk accompany-

’ing the development are primarily functlons of its economic utility" (p.328).

Since cost analyses are affected by the assumptions underlying’the raw data
as well as those made in the course of calculating comparison indices, these
assumptions must be stated clearly so that the readers can be in a positien
to recalculate with thelr own set of assumptions. '

This point is also made by Mishan (1971, o.175) who covers useful invest-
ment criteria suéh as present discounted value. He points out that, in
order to come up with firm ouantitative results, the economist must ignore
the lgss—easily neasured spillovers:. When their effects are adrerse, they
impart a ‘bias towards favouring commerclally-viable projects, irrespective

.,

of their ability to withstand more searching criteria. The economist should
A
resist this temptation-by, at least, clearly revealing the area of ignorance.
Kopstein and Seidel point ocut that Computer Assisted Instruction de-
9

mands a caceful total systems approach and that even moderately effective CAL

demandg\systematicintegration of hardware, saftware, instructional strategy

and instructiomal content. Such a systematic approach 1s described by

. - .
Rosenthal (1976) who proposes a model for implementation encompasing hard-

ware, software, curriculum materials, training and physical installation.

The four phases (definition, design, installation, and cperational support)

1
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are subdivided hierarchically into segments, activit?es and tasks for
scheduling into a work program This model implies but does pot reveal the
dynamic interrelations existing between its elements. A more comprehensive
approach is given by Jenkins (1972)_who delves into the various stages of
Systems Analysis, Systems Design, Implementation anddgperation and who shoﬁs
how to deciee on the compromises which have to be achieved between .the con-

flicting objectives of a Ssystem to formulate an economic criterion.

Cost Effectiveness in Education and Training

Current concerns for cost effectiveness are reflected b;lthe numerous
Papers dealing with the subject of relative values of instructional alterna-
tives, in which the common trends of an underlying rationale can be found.

Chuang (1972a, l97£b) in two separate papers Presented to the same
meeting of the Operations Research Society of America outlined the basic
theory of 'Cost Analysis which he defines as "the process of examining
various alternatives in order to ensure an efficlent and effective alloca-
tion of resources” (1972a, abstract). He finds that the effectiveness
considerations of Systems Analysis have already been applied to Education,
but that cost considerations have lagged behind in the educational decision-
making process. To Temedy the situation he PTroposes a cost effectiveness
planning system made up of thirteen subsystems corresponding to wvarious

tasks (1972b). Although the description of the Procedure is rather sketchy

in more depth by other researchers, it has the merit of emphasizing the

need for assessment of the results (Task 12) and recycling of the activities

]
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(Task 13), two activities_which are often neglected after a project has
been iﬁplemented and the-responsib}lity for its operation handed over to
the users. ]

Fo}lowing gilvern's lead in applying systems engineering to training
situations, numerous researchers have developed coét models of instructional
systems. For lnstance, Nance (1973) supplied techniques fotr making media
decisions within a systems context ig his Operations Research Analysis of
Audio Tutorial Systems where he jdentifies costs (or efficiency) glements
as opposed te the benefits (or effectiveness) elements.

Tﬁe‘constructign of-a model incorporating all elements which contribute
costs to the systeﬁ precedes the analysis of each function and the detérmi—.
nation, fer each of them, of a general formula?fcr the computation of costs.
The selection of specific equipment is then explained and its corresponding
cost inserted into tﬁe model, the final result being a cost per student-hour,
the standard required to obtain the cost projections needed for compariscn
of alternative systems. The method; easy to follow, is appropriate for the
subject. Its description is particularly detailed for equipment and facili-
ties, but too éketchy‘éhen it comes to manpower: Although it recognizes‘in
the 'Originate' function such factors as the experlence level of the pro-
grammer, the average gaim score expected and the style of ‘programming chosen,
it does mot relate them into an equation, but merely provides a Fotal
figure for this subsystem.

Bramble‘(19%5) developed a cost estimation model for the objective
selection of alternative formats and delivery modes. He investigated the
cost to develop, produée, transmit and handle each of the learning activities,

such as taped televised programs and audio reviews, and the effect on course

costs of adding or deleting activities. The number of variables in his

—_——
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equations can be altered to-estimate the costs for courses under different
conditions such as audience size and number of programs. o
Althojigh the-model aims at determining the point’ where education by

]
satell®fte is efficient in relation to alternative methods of instruction,

. it is restricted to the learning activity format actually used by the

Appalachian Educationnsatellitc Project courses in 1974 and its value could

have been increased by the costing of’ alternative activity formats and deli-
very systems. - ' N ' "-u ¢

- The Training Analysis and Evaluation Group (TAEG) of the U.S. Navy has

beén modt prolific in the instructional research area. .Thus Miller and

*

Duffy (1975) have developed,-under the . name of EducatiOnal Technology Assess-

ment Model a proqedure for evaluating innovations ox changes proposed for

M 1

Instruction: Its objective is to formalize the dimensions and elements of

. . r
potential applicability and to structure the relevant cost and benefit
vVariables. For them: i~

The decision to adept, reject, poghponc‘q§ further study a proposed

innovation should be a rational choice_based-upon the relationship of

r

the costs to introduce ‘and maintain the innovation balanced against

the range and magnitude of the benefits to be derived. (p.13)

' K [t -

They propose an eight-task procedure, starting with the fo&palization ]

of the innovation (Task 1), to guide the researcher throughout the required

4
~

data collection and analysis steps léading"zo a decision to accept, reject,
or continue to study the innovation (Task 8). Each task s made of sub-
tasks, such as the assembly of data and the sensitivity analysis which are

two of the eight elements of Task 6. Although Miller and Duffy identify

.the . poxtions which are amenable to computerization,‘they recognize that
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"the large number of loose interactions...demands informed judgemental

pr0cesses.and outcome‘monitbring" (p.I-2). '
This assessment model, when used as a totally manual procedure, requi-
res an gpparently excessive amount of timé and éffort.to explore a wide
spectrum of multiple alternatives. Its value to the general rese;rcher
seems to derive mainly from the fact that it represents a comprehensive
review of ;elevant elements and may be used as a check list for similar types
of research. )
Within the same organization and ithhe same spirit, Braby and al.

(1975) proposed a 'Training Effectiveness, Cost Effectiveness Prediction’

(TECEP) technique for facilitatiug the economic analysis and selection of

-

the most appropriate instructional ‘delivery system for v;rious types of
military training. The approach piovides a systematic procedure for the
identification of training systems and associgﬁed resource requirements..
After the training objectives ha&e’feen organiéed into groups and the appro-—
priate learning strategies identified by means of delivery system selection
charts, the icost of alternative forms of training is projected .
fhe cost model, embodied in a Fortran IV program, 1is simply a compu-
tational algorithm for determining both’ the cost of the componemts and of

the total instructional delivery system. The inmput variables fall into

seven classes: facilities, equipment, instructional material development,

personnel, supplies, students,-and miscellaneous. They include, for ins- .,

tance, the average cost of developing the master coOpy for one hbur of instruc-—

tion, the number of unique hours of new instructional material to be devel-

oped each year, and the percentage of the origisal development of instruc-—

tional material expended each year to maintain the courseware. While the

¢
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basic output'is the present value of .each alternative; the model also
provides aumerical values for 31 factors such as the total and average
cost per student position, the average cost pet_graduate, and the distribu-
tion of the incidencetof costs over the jife of the alternative being stu-
died. i '
Because of the computerization of its cost: model this comprehensive
apptoach exhipits_a still higher degree of complexity than the Miller assess—
ment nodel. This approach necessitates a considerable amount of work by an
' expert team to ensure that‘the proper information is fed in since it leaves
to the. training specialists the responsibility to develop the values'assigned
to each of the input variables dictated by the problem under analysis.
gince’ the time spent on an evaluation should be proportional to the magni- .
tude of the financial inplications, this approach seems particularly sui-
table for very large organizations, which must conduct a high volume of
evaluation on recurring combinationsof adequately substantiated data.

.

) of the Literature

: umeary

The introduction of Computer Assisted Learning in school settings and
military institutions has already been well documented particularly in the

*

* y.s. and U.K. This probably is so because. (a) education’}i the main pur-—
pose of these organizations, (b) subjects are€ availabie in large numbers
and controllable, (¢) development of improved methods forms part of their

mission, (d)-research and validation are conducted systematically, and {(e)

funds are available for that purpose..
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On the other hand, information regarding implementation in an indus-
trial setting 1s scarcer. When available, the information concérns the
successful introduction of a large system which is nearing its cutover phase,
or operating in the dynamic equilibriumjof its planned 'steady state".”

Methods to design instructional systems‘are described in numerous
pfescriptive papers, where the emphasis reflects the author's main concern:
They are valuable as building block53 which must be combined and inte;rg}ated
within a specific context. Each facility designed is different from the
others in some of its aspects, especially when it is nét meant for‘a new
entity; but must be superimposed on an existing organization and adjusted to
its peculiarities. This explains the growth of the profession of system
analysts who must combine 2 variety of products available "off the shelf"
into a composite product which will meet'theig client's need.

A survey of the literature is most useful in that it provide§ a wealth
of potential avenues which can be comﬁined in various manners to fit che
problem being consideredfiﬁ a‘éreative manner.. The introduction of a par-—
ticular facility must alﬁéys be considered in the context of its specifié
environment.' The value of studies which attempt to define the cost of
computer assisted learning lges in their approach, rather than in Eheir
reghlts, because the latter are sodn outdated in a changing soclety. A
sophisticated system such-as Braby's TECEP is well thought-out and precilse:
It can provide the‘information required for a widé variety of situations.
For the preseﬂtafion of a feasibility étudy to an organizétion,-however,
it is necessary to outline ;he underlying assumptions, meaning that the
equations 6f the cost model must be explicated. In cases where the

complexity of the situation is 1iﬁited, the design of a Tiimpler model

bl



lored to the specific cirtumstanées and restricted

factors may piove more appropriate.
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CHAPTER 3 ’ -

Al

HETHOD AND SCOPE OF THE PRQJECT | R
_To. solve the thesis problem as defined at the end of tue first chap-
ter, an eclectic approach combining the findings of previous researchers
outlined in the literature‘is used, focusing on the Computer Assisted, lear-
ning unit" After promoting this to the rank of system and ascertaining
its objectives, it lists the financial criteria used by the sponsoring orga-

nization to assess the efficiency of any project submitted for approval.

-

Organization of the Analysis

Tﬁe scope of this management-science project has been uefined in the
formulation of the thesis problem: to develop a good procedure to deter—
'mine under an actual set of circumstances, the appropriate time to design
‘and to introduce Computer Assisted Learning facilities. This will be the‘
case if the creation of the CAL element within the training organization
contributes to, an overall increase of its net productlvity. it is a pro—-.
blem of the optimal allocation cf resources subject to time and cost cpns¢
traints and in the presence of uncertaiuty, for the achievement of speci-
fied outcomes. It is appropriate at this point to describe the strategy to

" be used for formulating and solving this problem of Ellocation of resources.
\ )

Within the general'frameﬁorgrof a 'SYstems.Approach', the economic as-—
pects of the project will be evaluated by means of a cost-benefit analysis.

First a qualitatlve analysis of the environment will define the pur-

poses, identify the constraints and establish the criteria by which the



organization assesses the value of its investments.-

&

Next a quantitative analysis of the present curriculum and target po-

pulation, with their expected trends, will translate them into terms sui-

—_— L]

table fer incorporatipn into. the study. The existing courses will be exami-
ned for potential convertibility to CAL methodolegy. Those which qualify

- will be analyzed further qn;the-basis of their actual docufentation and
broken down into learning activities, for classification into ccrresponding
instructional modes of computer uses, such as "tutorial or "drill and
practice . Each of those divisions will be accompanied by its duration, to

provide an - estimate of the number of 'hours' of didactic materials to be

produced. .

A by-product of the examination of the instructional characteristics

‘

of the curriculum will be 2 1ist of minimum requirements to be found in the
new computer-based facility.

~ The target population wiil be similarly analyzed: The potential trainee
groups will he ideatified by employee classifications and geographical loca-

tions. They will be-cross-referenced with the planned courses into a matrix

which will indicate the expected use of each of the courSe units and permit - l

their ranking in terms of relative usefulness. The statistical data concer— )

ning the target population are based on . current flgures and average rates

of turqover among thils segment of the corporation.

The next step'will be the design of a graphic analog or 'LOGOS' model -

‘of the kind used by Silvern (1972) in his system engineering approach to

training. This model will highlight the system under consideration so that

its fuﬁctioqs-can be interrelated adequately. It will permit the identifi-

cation of the relationships between the functions, ensuring that there are

-



neilther gaps nor duplications, and will enable the insertion of the necessary
paths for cybernetic adjustments where required. It will pinpoint the areas

where decisions goncerning alternatives mu st be made and, finally, it will

T

.
constitute a check, list for a comprehensive enumeration of sources of costs -—-.

and tangible economic benefits.

. The benefits will be identified in,terms of current expenses expected
. - 5

to be eliminated as a result of the continual availability through the CAL

facility of training courses at all locatioms. A format will be designed .

for the grouping of costs and benefits in a consistent manner for compa(%é{ﬂ\

tive purposes.

After these tools, flowchart model and cost benefit format., have been

a

designed the simulation of the introduction of alternative CAL facilities

will provide figures to be pigeonholed in line with the pattern selected.’
- Once a particular combination has been chosed, the development of a produc-
tiori schedule becomes the key element It is based on a prioritized 1ist
of courses to be produced and. is affected by.the characteristics of the
facility selected and the rate of improvement of the development team The
' production of additional courses is to be s&opped when it results in an
excess of costs over benefits during the economic 1ife of the project.
The production schedule, Qonce established is translated simultaneously
into parallel patterns of costs, resulting from the course productio: and
the use -of lessons by the trainees via the computeT facility, and.of benefits
identified earlier and attributable to the availability of this new methodo— r
logy. The differential resulting,from these variable. course—related cOoSts
- and benefits offsets the fixed, system—related costs. The total economic

picture is reflected in cash flows over the experimental period
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Becau§e‘of the-long time span over which this project fg/zianned;i
discounted cash flow methods, which introduce the 'time-va ue-of-money’,
will be used to indicate its financial advantages. They will include both: .
{a) the Net Present Value to show if the inveétment has sufficient recurring
benefits to satisfy the minimum profitability'ievel in use within the organ—'
ization, and (b) the Internal Rate of Return for comparison with the minimum
acceptable rate. Thése in@icesAwill be used to dgtermine whether a parti-
Culér alternative meets the criteria of evaluatisn and to compare these
alternatives.

A sensiﬁivity analysis. to test the effects of deviatio#s from the aver-

ages used, and to establish margins of confidence will be conducted on the

preferred alternative before the results.are summarized and the comclusions

drawn.
) Throughout the process, -actual data and figures when-avai;able are used.
In their abéence, the clasest and most feliable informatjon available is
applied with a mention of the underlying assumptions, these being defined

as the best application of ‘judgement and experience to the determination of
critical conditdons or factors. 1If, at a later date, additional data be-

come available they can be inserted into, the model for more accurate results.

]
E

The summary indicates where quality control devices must be set up along
the pathé of the model for use during the operation of the facility, so
thégfgk{‘deviation from the assumptions used in the simulation may trigger

the appropriate action to return it to its planned state.

‘y
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Definition of the System and its Boundaries

The corporation has been described a; a hierarchical'arrangement of
systems with the tra;ning organization of the Transportation Services
branch as a jundor element. At this point a switch'ta the next level of
magnification reveals the details of the subsystems constitutiqg that train- ‘ >
ing organizati;n with particular emphasis on thé CAL unit to be created.

For the sake of clarity it is, appropfiate to promote all elements to a
higher level. The training organization becomes the supersystem while its

CAL component will be considered the system in its own right. the one to

be studied in detail here. Co- R

-

At this aqalytical stage the CAL system is still in the realm of ideation
_anq can therefore’ be visualized only as an imprecise and malleable conceptual-
1zation which will materialize later during the synthesis staéé: By then it
will have gone through a'proceéézof:pqrposa formalizatidn.and defiqition of
objectives. This is the sequéﬁdé:méﬁtiongd:by B{Pathy (1968, p.lZ}.who sees
.purpose as gi?ing directiog to.;hefﬁholerystem and determining the pro-
cesses to be generated in order-to acébmplish“tﬁe purpose. The nature of

. LIS
the processes in turn suggests the kind of components to be employed in

making up the content of the system. :
.+ The CAL component of training may be considered a system in 1ts own
right because it will have the properties spelled out by Jenkins (1972,

-

p.60), to wit: a complex grouping of human beings and machines, divisible
into subsystems, forming part of a hierarchy, héving an overall objective .
and designed in such a way that it is capéble of achiewéng its overall

objective in the best way possible. i

S PR
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At its inception the CAL.system is embedded.within the Transﬁortation
Services training organization from which it receives its_direction, re-
soﬁrces and constraints. It is conceivable that the CAL system may need
resources which are allocéted to a supersystem of which it is not a part,
such as the Computer Services|branch. In that case the transfer would take
place through its own parent supersystem, the Transportation Services branch. .
It is also conceivable that the CAL system may provide services to a super-
system of which it is not part, such as the In-Flight Service branch. The
basic assumgtions would however reﬁain the same until the CAL element becomes
hierarchically parallel to thesg supersystems through a structural modifi-

cation of the total environment. This change of boundaries is not deemed

to take place within the time span considered;

Objectives of the CAL System

The objectives of the CAL system -are derived from‘tho;e of the next
higher echelon in its environment: the training organization, whose mission
it is to upgr;de and maintaiﬁ the competency ievel of the workforce, and
which has, .as one of .its objectives the optimization of its use of availabie
resources. To play its role in that scheme, the CAL system has the goal of
improving or, at leasﬁ,jof'maintaining the current quantitative and quali-
tative jevel of the training product by means of a switch to computer based .
technology. |

Computer assisted leqrning has been shown to be advantageous under

certain conditions. When these conditions are met, the training'ofganiza—



zation, or more specifically its program development unit may, after
thorough analysis of the methods available, elect to use Computer Assisted
Instruction as the most appropriate méﬁns of presentation. Whenever this
is fhe case, the CAL unit will start processing the material in thg most
efficient manmer.

The objectives of the CAL system are: (a) to handle instructionally
suitable training activities fgr the target population, whenever this cam
be achieved efficiently and~effectively, (b) to provide assistance in the
'management of activities such és testing and record-keeping, and (c) to
provide analysis and evaluatian data for increasing the internal efficiency
of the traini&g organization. Furthermore, the CAL system must be suitable
for later expansion to other locations and employee classifications, and
it should have built-in quality controls so that a change of pace, speeding-
up or termination of implementation can be planned and carried out.

The criteria of applicability of a CAL facility within the corperation
should be the same as those listed by Davis (1969, p.463) for computer data
processing in.any business enterprise: the reduction of operating costs
or the significant improvement of the ability to provide service; The

factors for decisions covering both reduced costs and better service must

therefore be identified in an accurate definition of flnancial criteria.

Definition of Financial Criteria

In order to measure the efficiency with which the system can achieve
its objective, it is necessary to define, at the outset, a criterion in

economic terms, to be used as a performance assessment instrument.
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The computer #ssisted training faciliéy will constitute an addition
to the various ﬁéthodologies available to the training organization. As
such it will use up some of its resources and contribute to igs effective-
ness. These two eleﬁents ﬁust be'expresseé in economic terms for a mganing-
ful comparison leédiqg to adequate decisions.

Whereas it is possible in some cases to inject a new eiement into a
particular environment and to obgerve the results to determine its effect,
this method is not suitable here because of the anticipated length of time
necessary for implementation. The actual effect of the progressive intro-
duction of CAL on the overall efficiency of the training organization
cannot be measured with precision, because that efficiency is the result of
many factors operating simulateously. It is, therefore. necessary to
isolate as much as possible both the costs and the benefits which can be
attributed unambiguously to ‘the ﬁeu method.

The economic factors involved in the costs will be the additional expen-
ses resulting from the decision to implement CAL, such as neces;ary equip-
ment, conversion of instructors to CAL lesson-writers and consultants,
coéts of computer transactions, etc... They do not include elements which
exist or are performed in the current situation, éuch as the preparation of
training materials up to the development of a courseware outline to the
teaching point (COTP) or the periodic 4n-service development of instructors.

The costs considered may therefore be seen as the differential between the

" expenses occurring under the present and the proposed situations.

In a similar vein, the benefits will include items which can be attri;

buted to the existence eof the CAL facility, and can be positively identified

and measured. They will include in particular the amounts which will no
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longer need te be spent, because the training will now be available to the -

trainee

related

By

tified,
trainee

will be

4

at his-home base. The requirements for travei and therefore;, the
expenses will be sharply reduced for inst?ﬁctors and trainees alike.
restricting the benefits to the items which can be positively iden-
the study underestimates tﬁem to some extent. For instance, a
currently travelling to attend a five-day course at a remote location

. /
considered as spending the same five days studying at his home base,

- even though a portiod of this time will now be part of his regular work

pericds, resulting in additional savings for the corporatibg. Also left out

are benefits which are not easily quantifiable; or which are often evalua-

ted subjectively, such as those resulting from the timely aﬁailability of

training materials or the higher quality of objectively validated materials.

Thus, through the use of conservative estimates in the areas of poten-

tial benefits, the credibility of the results 1s increased: A more detailed

study taking into consideration additional items Such as the release of

classroom space, for instance, will show results even more favourable. It

is, therefore, necessary to demonstrate only a minimal margin of contribu-

tion to bring about the next step: the undertaking by the Compyter Service

branch of the formal implementation to study the introduction of CAL.

Although the benefit-cost ratio of a project is a popular criterion

for selection, it can turn to be deceptive because it disguises the pro-

blem of

scale. Projects are sometimes selected because their benefits

~

exceed their costs but, when it comes to comparison of alternatives, two -

projects with the same net benefits may vary widely in their costs. For

this reason

a sound

...1t 1is rare that any one criterion will suffice for making

decision. Several criteria...must be examined by the analysis"

(Bordman, 1973, p.74).
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Because training is a means of reaching objectives as opposed te

being one of the primary goals of the corp
projects such as the introducfion of CAL £
load of the Computer Service branch is sub
p;ofitdbility criteria established for thi
figures, amended once a year, ensure a rea

workload and capabilities of that branch.

economic criteria to measurée the efficiency of a computer based facility

within the training organization for the s
1. This project must show a Net Pres
when the cash flows are discounted at the

accordance with the established practices

‘takings of this nature. The Net Present V

expected economic 1ife of five years. The
a United Nations document (1972, p-18) out

evaluation, a fairly good measure of profi

entire stream of profits into one number T
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oration, the consideration of

or prioritization into the work-
ject to their mee{ing pinimum

s category of projects. These
sﬁnable match between the expected

Under these circumstances the

ample case study are that:

ent Value of no less than $200,000
predetermined rate of 157 in

of the cogporagﬁon for under-

ajue will be calculated over an
present value is, according to
iining guidelines for project
tability because "it converts the

epresenting the total amount of

profit today that would be equivalent to the entire stream of profits.”

To arrive at the present value of the proj

ect, .the cash flows for each con-

secutive year are multiplied by the appropriate values extracted from a

table of discount factors, which have been

end of each year.

-

2. Furthermore, to be considered for
the Internal Rate of Return must exceed th

This restriction is placed on new projects

compiled by compounding at the

implementation in the current year,
e minimum acceptable rate of 40%.

because of the backlog of poten-

tial developméht proposals. This evaluation method examines the cash flows
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for the entire economic life of the investment and segregates them into

the one—time cost portion and the recurring benefit portion. The intermal :
Rate of Return is that rate of discount, extradtéd from a table cf discount
factors, which is found to equate the recurring benefits to the one-time
costs. The figure of 40% is ‘'used in all projects £ﬁvolving computer appli-
cations because they are considered more'volatile' than other undertakings

. in the sense that they are subject to more changes dd}ing their development
and implementagion'étages{ Historical records show that the rescurces

initially planned can easily be overexpended. Corti (1973, p.79) has sta-

"ted that "adoption of a higher discount rate will cause a fall in the net

-
4

present value of a project and hence buiid into the calculation an allow-
ance for risk". When a post—audit is made, the project will still be
_shown to be viable despite substantial increéses in costs.

3. The Payback Period, an index of the iiﬁuidity of the project de-
fined as the number cf years of cash flow benefits required toc re-compensate
the one-time cgsts of the investment, must not eﬁceed three years.

4. Finally, at no time during the five year experimental period can’
the cumulativé figuré of expenses over benefiis for any year exceed $200,000.
This is a feature of risk minimization in case it becomes necessary to abort
the project at.any point 1f it does not meet the minimum expé;tations.

It is expected that as many courses and locations as possible w}ll be
included in the project as long as they contribute to the optimization of
the financial aspects of the projeét. When the point 1s reached Qhere the

addition of courses for a particular functional branch results in higher

overall costs, consideration should be given to the participation of another
L J
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.

branch for which courses with a higher ratio of benefits to costs gan

be developed.

7

Evaluation of the ﬁethodology

The method‘cﬁosen makes use of a LOGOS model to provide a comprehen-
sive description of a CAL facility which outlines the technical specifica-~
tions, determines the cash flow pattern, and permits the assessment of the
measures of profitability against the Ebrporate criteria. This is only
one of the numerous decision tools available to the researcher and bossible
alternatives include: (a) methoas based on the use of PERT/CPM or of Gantt
charts which translate the processes into chronologically related sequen- | ~
ces, of activities (b) the use of g specigghged computer-based model such . -
as Braby s TECEP, or (c) the formalized sequence of conceptual, feasibility
and implementation studies used by the Coméutep Services branch for the
assessment of innovativerprojects.

At this early stage the LOGOS model seems more appropriate thaﬁ the

« , . time-based charts because the System to be created could develop into a

v

{variety of designs. Its iterative process lends itself well Eo the-inéeé—
tigation of alternative possibilities and to the identification of economic
data. Because it indicates how the various solution sy;tems would resuit
in different mixes of costs and benefits, it is superior to a method which
ﬁay not have the same flexibility tec take into account perturbations in im-
plementation. 1Its gimplicity of presentation and visual impact permits the _
participation of various personnel from the training organization, which is
responsible, to a certain extent, for its own development, and has time
budgetéd for research activities. This involvement of the users in the . }

! .

T Y T
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design stage will facilitate the acceptance and introduction of Jhe system.
After the features of the system have been defined, tﬁe proposal nust
be presented for the approval of management, net oanly in ter&s of indices
of profitability, but with a full explanation of the underlying :;tionale
and 5 cbmplete display of the features incorporated in the facility. It
would not be éuff%ﬁ}ent to quote flgures obtained from a model which is
not perfectly known and recognlzed. as fully applicable by the judging autho-
rity. Thus, the amount of efforﬁ put into a TECEP-type of model would not
be justified despite its compreﬁensiveness because the study should be con-—
fined to, and include all the elements which are relevant to the organiza-
tidn authorizing the project. |

The normal sequence of studies by .the Computer Services branch ;s a

‘time-consuming process undertaken only when the propects of profitdﬁility

are fairly certain. While the final implementation study remains the

responsibility of that branch, its duration is now expected to be, reduced

to ;hrée man-months, once the LOGOS model has permitted completicn of the

' pﬁases normally covered by the conceptual and feasibility studies: The

training organization.invéstigates the potentlal introduction of CAL on a
routine basis and can determine when its implementation would pass the

cost justificatiom point. Its involvement, besides reducing the workload
of the Computer Serviées branch, can result in the earlier availability of
CAL within the corporation. This shift of functional tasks is in line with
;; eﬁergipg corporate philosophy whicﬂ favors more initiative and pértici—

pation on the part of the users in the development stages of any computer-

based project. T
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CHAPTER 4
INFORMATION AND DATA COLLECTION

(TRAINING NEEDS AND TRAINING POPULATION)

Prior to the design of an adequate system, one more activity. in the
analysis phése must be performed: the preeise determination of the scope
and charactéristics of the curriculum, of the size and location of the
target 'population and of their {nterrelationships. The analysis of the
courses will then be translated into,profiles suitable'for assessing the

amount of development work to be done, while the dimensions of the trainee

$

population will allow the calculation of the potential benefips.- fhe
" accurate delimitation of the scope of the task will permit the compilation
of a list of minimum requirement specifications which, combined with the
1list, of fipancial criteria already establishéﬂ: will be.used in the design

phase of’ the study.

The Curriculum

The course comstituting the four main training programmes of the
Transportation Services branch (Passenger Service, Cargo Serpice, Adrcraft
Service and Load Service) are analyzed for their suitabildty to a computer-
based-methodology. The first stage screens out those which are obviously
unsuitable because: (a) they depénd on iqterpersonaI interaction, (b) they
aim mostly at the acquisitdon of manual skills and other psychomotor
aqtivities, (c) they affect only a small number of individgals, or are

aimed at trainees who have neither access to, nor the ability to operate
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5 . -4
keyboards, or finally because (d) they are short duration courses for
trainees who are not scheduled to take other CAL courses since a high

percentage of the time would be consumed by the explanation required to

* i

operate the facility. ' ' 2

The remaining courses. aim principally at the acquléition of cognitive

"abilities for personnel at the "agent' level (see Table 1). . These. indivi-

duals, although heterogeneous in terms of aptitudes, meet & specified mini-
mum entry requirement with regard to arithmetic, geography and tyéing.

The duration of each course 1s entered on the basis of the information
indicated on existing training documents. Whenever this inéormation is
missing, the course duration is converted into actual classroom time: A
40-hour or 5-day course is'equivalent to 32.5 hours of productive elassroom

time since a training day is made up of 6.5 hours of training activities.

The'claésfoom activities of the current traditional method are then

studied, either through examination of the training documents or through

observation of actual Instruction, and slotted into five main classifica-

tions: - v

1. Familiarization visits, hands-on training on specific office

4

equlipment, and activities requiring the presence of an instructor.

2. Acquisition of theoretical knowledge contained in source manuals.
Th% objectiﬁe generally consists in locating procedural.materials and /
applying algorithmic sequences of actions. There is a finite number of key f
points explained by the instructor, and they run parallel to the COTP of: ;

the lesson plan.

3. Practical applications of the theoretical materials described
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. v e ’
PROSPECTIVE CAI- CONVERTIBLE

L
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COURSES AND THEIR DURATION

Course Duration
identification ’ Courses (hours)
’ number
1. Passenger Service
1.1 Reservationé - Basic 65F‘
~ 1.2 Reservations - Advanced 32.5
1.3 Domestic Ticketing 32.5
1.4 interﬁation Tiéketing .58:5
) 1.5 Reservec - Off Premise 32.5
2. Aircraft‘Ser;ice
RN
2.1; Comissary Service 19.5
i 2.2 Baggage Segviée 4 26
G Léad Service
3.1 Basic Lo;d'bisﬁq;ch 65
3.2 Boeing‘727‘ o 13
3.3 Douglas pC-8 6
) 3.4 wiﬁe~bodi§d Aircrafe 39 ¢
4. Cargo Service ‘
4.1 Cargo Proéedures 52
) 4.2 Cargo Rating ;'Basic 71.5
58.5

4.3 Cargo Rating - Advancdd

NP 3
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.and remedial action by the instTuctor. , .
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atove. This involves exgrciseélon the part of the trainee, monitoring

[} -

-

A.. Testing ﬁo check éhe level "of understanding:or of competence of
the_t;a;nee._'Thi; may include both pre- and post-tests. -

5. Simulation b& means of an existing éraining mode of computefized
dirline, pglicétionsfsuch as the oﬁ—line reservations s}stem. Since it;._;
incepti§i>%he Reservec system used for bperaiional_purposés has been equipped
wiéh a ‘gﬂosﬁ' mode, which ﬁakes'ﬁse of the actual data bank (flight sche-
duleg, passenger records) to pfesent to trainées reproductions of realistic
displays. “kigsf sighing_iﬂﬁg that mode, the tra{;ées,'following the.instruc- .

tions of a training guide, can modify these displays by using the proper

. !
input transactions. Throughout the process the actual records in the 'live’
modé remain unaffected. This facility, mirroring the actual system, provi-

des opportynities: for practice but is not considered @bmputet—based-training

- because tﬁe didactic content is'in the training guide, a document which

‘could conceivably be transpoéed into CAL. This fifth classification of

classroom activities does nOt include the high actuality devices, such as’

- _the flight simulators used for pilot training, which duplicaae as closely

as possible_tﬁﬁ ‘structuralsand dynamic features of the flight decks of modérn

aircraft. Such a simulator, whose replacement by any other mdthod of train-

-ing is hard to conceive would be included-as specific equipment under the

first classification above. Any other type of simulation falling between

these .extremes would have to be judged on its own merits since some simula—

tion can be dcne cheaper and just as well on a CAL system as on 2 special

simulator.
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The course units are then sub&ivided into éategories corresponding
to this breakdown of classroom activities and labelled:

1. Conventional: Thesé activities do not lend themselves well to
computerized instruction, and should not be contemplated for conversion. :
They re&uire the preseucé of an instructor, or presence at a specific loca-
ﬁion, e.g. familiarizatign visits or on-the-job training, or hiéh actuality
simulators.

| 2. Tutorial: This instructional mode of computer use presents expo-
N
sition in which thefaut%or maintains the conversacional initiative through-
out by defining thé cbjectives and describiﬁg the subject material in con-
siderable detail. it aims at the acquisiticn of theoretical knowledge but
may include ;ome practice by the trainee. - |

3. Drill and Pracglce: An £nstructional mode making use of sets of
test items which ha%e been designed for graduated levels of complexity.
Each set may be seen as a template with variables randomly generated to
,provide variety. The trainee receives straightforward exercisesalllustra—
ting key points of the lesson and is guided throughout alcng the prop
path until he masters the particular skill or technique.

4. Test;ng: The trainee is tested on his undérstanding qr-performancé.
Unless the tegting is part of a qualifying examination; some interpretation
of the results may be given for diagnostic purposes.

5. Simulation: These existing activities are isgmorphic with the
actual work situation and currently produce sati#factory results. Although
no change is contemplatéd in their use, they are considered here because

CAI activities should, teo the largest extent possible, be desigﬁéd for com-

patibility with them.
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For each course unit, the‘time used in current classroom instruction

1s broken -down into the fﬁre columns corresponding to these categories
_(see Table 2). This will provzaz a rough estimate of the amount of work
to be performed by the Instructional Programmer for the instructional modes
of lomputer use: (a) Testing, (b) Drill and Prﬁctice, and (c) Tutorial,.
which may héve differing ratios of preparation to presentation.

| Next, the portions of the course units selected as suitable for con-
version to computer assisted.instruction (that is excluding the elements
cl§séificd aslhconventionalT or "simulation™) are analyzed to determine
Specific_requiremcnts.of the support and delivery.system in the éreas of
graphic and computational capabilities, which may be identified as either
(a) necessary: meaning that the unit cannot be used in CAI form unless
this facility-is available, or (b) recommended: meaning that the overall
efficiency would be enhanced by the presence of this feature. Its absence
would not jeopardizg the unit because of the possibility of using other
adjunct materials. . ’

The same portions of course units are studied with‘respect to specific’
requiremcnts.of Ehe display system. It is assumed that either Video Display
Uhits or Hardcopy terminals are equally suitable unless they are shown as:
{a) neccessary, meaning that the lesson cannot be translated to CAT form
unless this type of terminal is available, or (b) recommended, mean{ﬁg that
tBe operation.would be greatly enhanced by thé use of that feature.

Table 2 indicates that tﬁe current courses contain 271.5, 129.5 and
33.0 hours of tutorial,—drill and practice, anq testing respectively, repre-

senting a total of 434 unduplicated hours of instruction suitable for con-

version to CAI methodology.

. v
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" TABLE 2

ANALYTIC PROFILE OF COURSE AC&IVITIES

Course
identification ACTIVITIES (in hours) -
number Convent'k Tutorial D& P Testing Simulation  Notes
1. Passenger Service
1:1 - 0 4 26 .
1.2 - 20 4 2 6.5
1.3 : - 16 8 2 6.5 a,d
1.4 - 32 16 4 6.5 a,d
1.5 - (6.5) - - - (26) a,b
2. Aircraft Service .
L.1 6.5 13 - - - i
2.2 - 6.5 18.5 - 1 _ 1
3. Load Service
3.1( 5 37 7 4 12 a,c
3.2 1.5 3 2.5 z A a,d
3.3 4.5 7 7.5 2 a,d
3.4 3 14 : 5.5 4.5 12 a,d
4. Cargo Service )
4.1 - . 41.5 8 2.5 - = d
4.2 - 21 29 2 19.5 a,d
4.3 - 18.5 37 3. ’ -
TOTALS 24.0 271.5 129.5 33.0 101.0
NOTE: a. Graphic capability is recommended.
b. 'Made up.entirely of modules used in 1.1 through l.4.
‘e. Made up of 19.5 hours of self-study and 45.5 of classroom training.

Hardcopy and computation capability necessary.
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The Target Population

Size and Distribution

The target population for the courses of the TranSportatign-Se:vices
kranch of Air Canada in North America is made up of 5,247 individuals,
broken down into nine employee classificatioms and spfead OVer.Al different
locations. These locations fall into four categories based on their rela-
tive importance reflected‘by the number of potential trainees. These
stations may ﬁe classified as major (more than 500 traipees), large (over
100 trainees), medium (over 40), or small. This breakdown is meaningful”
becabse: (a)‘instructors are based only at certain types of stations, and
(b) the scope of training activities varies in accordaﬁce with the opera-
tional requirements of the types of stations. |

The trainee population is considered stable with no major fluctuation
expected, except for the travel agents where a yearly increase of 107 is
anticipated for the next five years. While the detailed geographical dis-

'tribu:;on of the target‘population is displayed in the appendix, Table 3

summarizes this information by type of station.

Pattern of Training

Eﬁployees receive the initialrcraining‘corresponding to their tasié
at the time of hiring or of promotion‘to a higher classification., This
training is conducted by iﬁstrﬁctors aﬁ major.locations.- The number of
classes held depends on the demand which reflects the rate of employee
turnover (hiring and promotion).

There is no one-to-one correspondence between the courses offered and
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TABLE 3

DISTRIBUTION CF TRAINEES BY TYPES OF STATIONS
Employee Stations:
Class;fications Maior -~ Large Medium. “Small Totals"
A - Passenger Agent 944 488 214 121 1767
B - ﬁeservations Agent 774 372 152 33 1331
C - Off Premise Travel Agent 890 160 50 16 1116
D - Cargo Agent 188 107 44 13 352
E - Load Agent 128 38 4 3 173
F - Baggage Agent 103 45 4 3 155
G - Commissary Agent 63 22 - - 85
H - Station Agent I - 39 * 93 44 176
I - Station Agent II - - - 92 92

Totals 3090 1271 561 325 5247
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the employee classifications. - Thus,'a Station'Agent I1 attends courses
intended for several other, more Specialized; c1assifications. On the
other hand, the scope and frequency of his follow-up training is tailored
to the specific requi;ements of his-work.
Table 4 relates the courses, identified by thé pumbers already used

{in Tables 1 and 2, to the various employee classifications, identified by
the code letter used in Table 3: ‘Course.l.l (Reservations—Basic) is meant
for classifications A (Passenger Agents), B(Reservations Agent) and I
(Station. Agents 11)}. The total aumber of employees in a classificétion is
shown under the appropriate code latter: There are 1,767 Passenger Agents
_in the trainee population. Where only a fraction of the employees in a
clasgification is to attend a specific course, their number is indicated "
in the bedy of the table: Only 339 Cargo Agents (D) out of 352 may

attend Course 4.3 (Cargo Rating - Advanced) . The totals in the right-
hand coumn are obtained by addjng horizontally the trainees, in any classi-

fication, who are part of the\target population for the courses.

Processes of the Training Organization

The deVglo;;ent of training materials is centralized under a Training
Program Development Manager, é;ile the resgonsibility for the.training
operation and the performance level of fhe workiorce is‘dglegated to the
regional level. The reg;cnal training managers contribute manpower resour-
ces to the development unit which produces training materials for lectures,

self study packages, sound-slide presentation oT other methods in the form |

- %
of publications. Regional instructors conduct training elther at their
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TABLE 4
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Course
ident. Employee Classifications

A B - C G I Totals

1767 1331 1116 85 92

1.1 x x x _ 3190
1.2 X X 3098
1.3 B4 X 1859
1.4 x 1767
1.5 X 1196'
2.1 X 85

D E F 2!

352 173 . 155 = 176
2.2 x X X 423
3.1 x x X :Ahl
3.2 X x x &4l
3.3 (170) - (132) 302
3.4 (166) (395 205
4.1 x x X 620
4,2 x x X 620
4.3 (339) q 339
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home base or at remote locations while some minor programs (short duration
or structured self-study) are monitored by local supervisors.

Regular éourses are scheduled at intervals based on historical data
and.anticipated requirements to take care of the requirements of promotion

and classification changes; their content and terminal performance standards

-are precisely étated. Additional training sessions are designed and given

whenever a major change ~ procedure or equipment - is introduced. These
events require optimal use of instructor resourceé to reduce implementatién
delays.. After the workforce has been trained,‘training materials designed
to cover the changes are incorporatgd'into the regular courses. Periodic
refresher 'follow-up’ courses are given on a yearly basis to maintain per-
formance levels and to ensure that the employees are aware of the minor proce-
dural changes implemented over the previous yéar.

Individual training records are prepared and forwarded at weekly in;
tervals to the regional level to be compiled into statistical reports,
such a; the utilization of instructors, for local use and transmission tb
the corporate level. On the other hand information relative to the use and
validation of training materials is forwarded rapidly, particularly:in the
case.of new training grogrgms, to the development unit for actiom.

To ensure the continuing smcoth ppgyation of ghe training organization
it ig necessary to maintain or improve the integrity of these processes and

to consider them in any list of specifications of the minimum requirements

of the CAL ficility.
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CHAPTER 5

( DESIGN OF A GENERAL MODEL OF THE SYSTEM
Up to this point the analysis of the project has been conducted
within the framework of the systems approach advocated by Jenkins (1972).
Indeed, the -headings of Chapter.a and the subheadingé in Chapters 1 and 3

represent the stages of the Systems Analysis which he spells out, althodgh

they have been resequenced here to facilitate the presentation of theilr

interrelationships.

In hig systems engineering appfoach to training, Silvern {(197.)
develops the concept of anasynthesis,an iterative process of analysis,
synthesis, modelling and simulation permitting the solution of complex
problems with many alternatives and interrelationships. -

In this context the.conceptualization of a system was begun by means
of an initial analysis performed on existing information dealing with the
general environment in terms of its existing elements and organizational

neéds: the challenge facing the training organization.

A first incursion into the synthesis stage combined some currently
unrelated elements into a general direction: the consideration of Comp@—
ter Assisted Learning as a potentially viable solution. A return to.the.
analytical aspects led to a more detailed study of the curriculum, of th;
target populaticn, and of their interrelationships; in ‘order to asqeftain
their impact on the lmplementation Qf such a, system prior te the third
stage of anasynthesis: thé 90n§truction of a graphic aﬁalog or management
planning and process modeﬂ wﬂich allows the decision maker t6 pred%c; tﬁé

~ .
. -
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effectiveness of a project prior to its‘implementation and, therefore,
to minimize the risks inherent in its introduction. |

This general model enables the reseaicher to ccndﬁct a series of
"parration simulations'  —that is, to "talk through'" this analog, function
by function, in order to emnsure that no necessary element is left out and
to list alternative selutions which will be exemined to determine the -
consequences of their adoption.

The narration simulation described by Silvern (1972 p.154) as a
Tgilant step' towards quantification, can substitute for actual experience
at lesser costs and risks. As a tool for refining the model it pinpoints,
for plannieg p?rpdses, where feedback paths should be inserted for cyber=
netic adjustments and, for monitoring purposes, where quality control
devices should be installed;

. The model will show a series of sequential but interrelated decisions
concerning the selection of hardware; sof tware, courseware development and
delivery, curriculum prioritization and rate of introductilon. The decision
process involves tHe analysis of the contents of each cell of a multi-
dimensional.matrix, and the combination of selected cells into a compatible
and optimally effective system. In 6rder te reduce this overwhelming
wofkioad to a task of manageable proportions, the Ehoice must be restric—
ted to a limited number of proﬁising and reasonable alternatives within
each main subdivision. | ]

4 The decisions to be made for. the design of the CAL facility may be

classified as major, {intermediate, or minor.

‘Major level decisioms involve the selection.of computer hardware and
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software, and of personnel. Cnce made, they can be changed only with
difficulty and at considerable expense because'of their physical charac-
ter, their high initial cost and the involvement of parties outside the

.

training organization. Thelr review 1s limited to perilodic extermal

.evaluations. .

Intermediate—level decisions initially affect major-level decisions
to some extent, but pérmit some latitude for modifications. They.include
the geographical c;verage. the instructional mode of dbmputerruse, the
pattern of course priéritizap}on and the rate éf introduction.

-

Minor-level decisions involve mostly instructional programming and

»

the conduct of courses. They can be changed on shofg notice within the

system to refine performance and constitute a form of contiﬁudus internal
review, - .

The decisions will be made? in the following order: After selecting
the har&%are and soféware components of the syS;em and some key personmnel,
a stddy will be made of the effect of variOus-intermediate decisions on
the profitaﬁility of the system, following a similaf.pattern for all
alternatives on the basis of the information currently available (actual
data, literature data, estimates). The firal picture for the most pro-

mising alternative will be refined by means of the leeway provided by -

the minor decision areas.

The Flowchart Model

-

Silvern has described a ﬁethodology for the design of flowchart mo-

dels and has provided.many exémples.for instructional systems such as the

.

N
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'General System Model for'Effective Curriculums' (1971). Such models,
since they remove ambiguity regardléss.of.the complexity of the ﬁnder—
taking‘are most suitable for the study of sysﬁems. This method is se-
lected here because of the amocunt of investigative work to be dome, since

a PERT/CPM type medel éppears more sulted for the detailed progress and

coordinaticn of a project for which a specified approach has already

been selected.
- These models ara.drawn using LOGOS. the 'Language for Optimizing
Graphically Ordered Systems': a graphic mode of expression which relies,

not only on alphanumerics, but alsc on shapes and symbols representing

* fundamental vocabulary elements. The model represents thé division of

the system into its functional subsystems and reveals a network of signal
path; carrying information or data between funcgions, represent;d by a
point-numeric code. h

In Chapter 3, the system was defined as the CAL element which could
be incorporated into the training enviromnment of the airline’s.Transpor—
tation Services branch. ‘The'mqﬁel will thefgfbfe show its various cons—
tituent subsystems and their interrelationships. It is obtained by sub-
tracting from the total functional requirements necessitated by a trai-
ning organization equipped with CAL facilities, the network oé fuﬁctions

already being performed by the current organization. Thus it :%presents
; - ‘ e

4

~a differential between the present and the future situations and 1solates

the planned element so that it can be studied independéntly, without
eliminating the hecessary interfaces required under.che new arrangement.

While certain functions are new to the training organization, e.g:,
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"Develop CAL processor', othersrepresent modifications or realignment of

tasks currently performed, e.g. 'Develop curriculum", "conduct course”,

By concentrating on the functions to be performed, it ensures that there
r'*‘} B . - .
is no duplication or gap of activities and avoids the blasing influence

-
D)

of existing'drgénizational structures. Once the necessary tasks have
been delimited, and their -interfaces made clear, theif allocation to spe~
cific grOupS and individuals can be done on:anzobjective basis, thus
combining flexibility with efficiency.

Fiéure 2.shpws the general model of the system constituted, at the-

Y

first level of detail, of six interrelated function;l subsystems (1.0 to
6.0).* It also sﬁo@s, except for the first two of tﬁése, a second level of
detail. Subsystems 3.0 and 5.0 bcing.more compiex, willlbe,drawn to the
third level of detail in conjunction with the narratidn-simﬁlatioq.

The modél brings .into focus the fivé eclusters of activities listed -{_
by Warren (1969) and mentioned in Chépter 3. Rese#rcp and Analygis a;e
spread over subsystem;Ai.O to 4.0, 6evéldpwént is the rgalm of subsystem
5.0, while both Oﬁerations, the implemgﬁting of thertraining action ,,and
mgst of Evaluation.afe inclgded in subsystem 6.0.

For the model to be valid, there must be coh;istency between planning,
construction and implementation: It should satisfy the needs of these
consecutive stages withéut requiring any modifications. .The modél may
therefore be considered in the light of these three fuﬂctions.. ) . .
) It is first a research tool allowing the detegpmination of the'possible

options and the analysis of these alternatives. Along its paths will be

found the points where decisions will affect the final configuration and

*

g
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reduce the areas of uncertainty. _Qach simulation will provide a new set
of‘figures for evaluation and:comparison. The purpose of this project
is to provide a rational tool for an objective decision-making process

' in the absence of complete data. This model merges the actual situation
with the theoretical knowldﬁge'selected as being the most appreopriate.
In the process the instances of use of data whicn are not extracted from
actuality are identified so ‘that they can be replaced later by_empirical
information during the implementation stages. .

1f the study indicates that the implementation of CAL would meet the
profitability criteria set up by the corporation and detailed earlier in
vChapter 3, the general model can double as an implementatiom instrument

-
for the Selected alternative. In tnis second use, after one alternative
solution has been selected, thelchoice of paths within the model is con- )
fined to one track leading Chronologically through all the necessary
steps which have to be considered. It thus provides a comprehensive
checklist ensuring that no mandatory detail is left out. Furthermore it
points out where controls.have to be installed to ensure the validity _
of the assumpticns on which the productivity level depends. ~
»

Thirdly, after the system is in operation, the model can be used for
monitering purposes by comparing the actual data gathered by experience
with the estimates used'huring the research phaSe. The examination_of
the blueprint, coupled with the quality control data regarding deviations

from planned performance, will facilitate operational decisicns ranging

from minor internal fine-tuning to phased-in termination.

[}

-
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Narration Simulation ‘ ~

/

Once the genmeral approach has been mapped out, the parration- simu-—
lation phase takes the researcher through the wvarious functions of the
system for the purpose of exploring the oétions open. While establishing
;he signal paths which must ensure a smooth operation, it delimits tﬁe
scope of possible selections and thus remains generalizable go a va-
riety of situations. Later {terations restrict the cholce to'5pecific

modes of operation which can then be analyzed in economic terms for com-

parison purposes.

-

The 1.0 Sdbsjstem: Define Scope, Criteria and -Constraints

This functipn outlines the general conditions ugder which the system |
will be operatring. It p;ovides guiding principles to be used as selection
criteria for all subsequent subsystems. The conéitions emanate mainly
from ﬁhe preceging chapters and are listed below, with a mention og the sub-
systems on which they have a direct influence:

1. Existing course materﬁﬁls found instruct;onally éuitablé for this
methodology will be gonverted on a progressive basis ana, once available
in CAL format, will be maintained up~to-date. This qﬁfects directly
subsystem 3.2 (Determine production priorities).

.. Computer assiéted instruction will be introduced to every employee.
classification whenever it proves economically justified (Sub. 3.1, |
determine gecgraphical coveraée).

3. The CAL system,_after being oper;tional for the Transportation

Services employee classfications, must be suitable for expansion to other
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branches of the Cotporatioh such as In-Flight Service, since the training
of Flight Attendants has already been identified as a promising area for
- CAL by other reéearcheré.

4. There will be & management element. The output of the system
will be monitored (Sub 2.0, Sub. 6. 0). The analysis and.évaluation data
will be substantiated for the purpose of qualit; control

5. The CAI facility must be accessible for an established minimum
percentage of time. This requigemﬁnt involves both a standard of service
(response time) and of availability (average waiting time) impacting on
the number of 1earning stations, as well as a standard of reliability of
the equipment (down—time) impacting on ;he computer hardware painte-
nance schedule.

6. Whenever economically justified,existing personnel, facilities
and equipment will ge used. ‘ - o~

7. The functions of computer prqgramming will e clearly separated
from thpse of inst:uctional.pgogramming. This means that the instructional
programmer {course author) will not have to concerm himself with the
intricacies of computer operation. This affects the CAL processor
made available through Subsystem 4.2.

8. The training staff is responsible for the output of the CAL faci-
1ity. This ﬁnplies that the Manager in charge of instructional programning
advises the computer gtaff of the requirements of his group with regard

to facilities and technical needs, monitors the performance of the

system, and appréves the final product.



64

The 2.0 Subsystem: Define CMI Requirements

.

k)
Y

The term Computer Assisted Learning (CAL) is fairly general and im-

" plies that the computer plays a central role in gulding the learning

of the student and the evaluation of his performance. Here this concept
is subdivided into two separate but interrelated parts:

1. Computer Assisted Imstruction (CAI) refers Specifically to the
teaching and learming activities aided directly by a digital computer.

It is the domain of the imstructional programming itself (Subsystem 5.0).
CAI requires that some featﬁres be incorporated into the CAI language
(Subsystem 4.2). Examples of these requirements would be (a) the need
for computation capability and (b) the need to accept answers based on
some criteria such as 'exact match' or "keyword match'.

2. Computer Managed Instruction (CMI) may refer to a mode of use
in which the computer assiéts in managing instruction by handling per-
formance records and curriculum files, by prescribing and scheduliﬁg
instruction on an individual basis. CMI requires tpat some features be
incorporated intoc the s§ftware program in Subsystem 4...

In this project the (MI requiréments will be limited. However
Subsystem 1.0 (Scope definition) calls for a training management element:
This will include minimall&: (a) a registration component, and (b)

4 report generation element. -

Furthermore, the software package must include fea;ures enabling the
instructional developer to assess the performance of the program. It
requires saving data on user interaction, recording unanticipated aﬁSWers,

etc... for use in validation and updating of programs.
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Finally it should have features contributing to the convenience of
the trainee., It must be possible: (a) ts branch to a designated posi-
tion of a training program segment in which the user last signed off or
otherwige‘stdpped using the program, and (b) to estaslish restart
points, at wﬁich execution wiil begin again if a discounéction accurs
before a sequence is completed, whether by accident or intentiom.

The information defining which CMI features will be incorporated
into ;ﬁé processor software package (Sub. 4..) is fed forward to Sub-
system 6.0 where it meshes with the main stfeam of CAI to permit thé

implementation of the training action as planned.

The 3.0 Subsystem: Determine Instructional Coverage

In order to maximize the effect of the CAL facility, it is necessary
to decide which courses will be available (Sub. 3.z) and where they will
be available (Sub. 3.15. The factors to be considered are: (a) the

number of employees in a classification for which a course is developed,

and (b) the frequency at which this course will be used. Both factors will

have a direct effect on the student contact hour cost, since the prepa-
ration and production costs are spread over the number of trainees.

The location of the trainee is another factor to be considered because
(a) it will be necessary to provide learning stations and data communica-
tions lines, which_will increase the cost of operating the facility (to

Sub. 4.1}, and (b) CAI service to an outstatlon may result iIn benefits

"since the need to travel to a training center is reduced or eliminated.

This explains why the selection of instructional coverage involves an

iterative process between Subsystems 3.1 and 3.2
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The 3.1 Subsystem: Determine Geographical Coverage

The first step (Sub; 3.1.1) in this subsystem cousists in identi-
fying: (a) the whole.;arget population under the organizational juris-
diction of Tramsportation Services and (H) the exgeut of the technical
training they afzuto receive. Thisalatcer information floﬁs'to Sub-
system 3.4.1;

,

In 3.1.2 the target population is then sorted out by locations and
work classifications. This information flows to Subsystem 3.2.10 where
it is integrated for the purpose of detefmining the degree of use of
specific course units.

In 3.1.3, the input from Subsystem 3.2.10 (Prioritize production)
determines wﬁich combinations of locations and classificationg”listed in
Subsystem 3.1.2 will have access to the CAI facility. The‘iutput is to
Subsysten 4.1 which will result in procuring hardware support CO the
selected locations. After implementation, when the CAI facility is in a
steady operational state the signal flow "3.1.3 to 4.1" is reversed "4.1
to 3.1.3": The availability of learning stations connected by data commu-

nications lines dictates the geographical coverage, until another round

of planning is initiated.

.'The 3.2 Subsystem: Determine Production Priorities

It is generally recognized that amy lesson in any subject can be .
programmed for computer assisted instruction if the lesson strategy can
be explicitly defined and the lesson materials represented in words,

pictures, and experiments to be displayed to the student by the computer
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based system. Although this method has,‘iﬁ fact, been attempéed for a
wide spectrum of ins;ructional activities, Hicks and Hunka (197¢) have
expressed doubts as to "whether these CAI proérams are effective from a
learning point oE view, or whether they are‘és effective as they should.
ve..." (p.36).' This effectiveness depends on suitability criteria

of the subject, falling basically into two distinct areas: Eechnical aﬁg/
economic. '

Epistemological factors indicate to what degree the computerization
of the training program is feasible, that is, how suitable is‘;he subject
matter toO that form of treatment, while economic factors indi;ate to
what extent the computeriiatipn of .the training program is cost—-justi-

- ~
fiable. Since each particular unit can be ranked aleng the 'technical
feasibility' and the 'economic cost' axes, it can be‘plotted on a grid
where the intersection of the most favourable coordinates would indicate
thé h;ghést priority item.

The subsystem begins with a listing of the current training areaé
within Transportation Services (3.2.1). Ihe corporate and branch plans
are studied to assess their. effect on-areas of training responsibilitiés.
(3.2.2). This information is incorpdrated into a comprehensive list
projecting the training requirements over the time-span of the study
(?.A.B). The iist {s then screened to determine which materials are
technically suitable for convertibility to CAT methodology (3.2.5) on the
basis of criteria gathered from the li&erature and current users such as
British Airways and United Ai}lines (3.2.4).

Generally Speakiﬁg, ;he assessment of applicability ok an 1lnstruc-

tional program to computer based technology takes into consideration the '

[



nature of the content and that of the learmers. Thus, subsystem 4.2.5
'eliminates the areas which are obviously not suitable because the content
is dependent of interpersonal interaction or bécause the objective is '
the acquisition of psycho—motor skills. The constituent units of the
courses found suitable are then analyzed in terms of stability and struc—
ture of content, taxondm&’éf objectives and types of cognitive activities
involved.

This process, started in 3.2.5 to produce a listing in 3.2:6, is
further refined in 3.2.7 to find out which inStructional mode of computer
use is the most suitable (fed back to Sub. 4. 2)' which type of terminal
and equipment is required at the learning stations (to Sub. 4.1), and
which' additional features, such as computational capability, not previously
identified in the CMI management module (Sub. 2.0) are required.

Subsystem'3.2.9 filters the features which are economically jusitified
before requesting them through Sub. 4.1 and 4.2 on the basis of the cost
criteria listed in 3.2.8 while Subsystem 3.2.10 prioritizes the production
of courses on the basis of instructional content, mode of computer use,
and:target population. This information floﬁs to 5.2 where the instruc-—

~

tional program will be developed.

The 4.0 Subsystem: Provide Development and Delivery Systems

This subsystem groups functions which are performed mostly by specila-
1ized personnel of the Computer Services branch. The associated expenses

are mostly one-time fixed costs incurred for operating the facility.
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The 4.1 Subsystem: Provide Bardware Support
This subsystem encompasses the functlons of selecting, procuring
and maintaining the computer and ancillary hardware required to operate

the CAL facility.

=

The technical specifications for the selection of computer equipment '

emanate mostly from SuBsystem‘l.O,.especially with respect to standards
of reliabilit& and compatibility with exiéting equipment. This computer
equipment may bé'subdiviaed into: (a) the Central Processing Unit, (b)
the pgriphegél'devices; (c) the data. communications lines, .and (d)‘the
leafning stations.

The Central Processing Unit (CPU) musf.be capable of handling the
progfessively increasing peak démand within the response time suitable
for interactive systems and with appropriate reliability. |

The peripheral'devices include data storage with a capacity suffi-
cient for the number of programs produced (Sub. 5.3) and the filés and
records generated by the CMI facility (Sub. 2.0). .Théy also include the

equipment selected for the productiop of the training program,:such as

_ keybodrd, card punch, tape pudch, and magnetic tape (Sub. 5.3).

The type of data communications lines is dictated by the equipment
they connect. The numbgr and location depend on the input of Subsystem
3.1 which determines which lécations will be served. ’

The minimum equipment for the learning stations is the conscle

(terminal plus modem). Thé type of termipal used must not only be compa-

tible with the rest of ‘the system, but also possess the features nécessi-

tated by.the course, such as graphic capabilities. The number of terminals

depends not only on the geographical boundaries of coverage (Sub. 3.1},

e e b o



» but alsp on the standard of service set in 1.0.

- of going through Subsystem 4.2, ' , - ' y

-

1

The‘sglection of computer systen hardware cpmponenﬁs‘may be ‘done by,
accepting an existing system as is. or by assembling or synthesizing

heterogeneous components. In the former case, it may already include a

suitable CAI language, a. circumstance which would. obviate the mecessity

The requiremen‘ts listed' here, which pi:‘ovide a convenient breakdown

for analysis, should not be séen as reducing the variety ¢f, possible con- |

figufations. Thus, 1f it is decided to use a'miciopxécessor~system;‘the

. - . ‘ .
term "communications I'ines™ may be Interpreted as the forwarding by various

-

‘means of courseware cassettesto the necessary lacations. - . Co.

The 4.2 Subsgystem: Acquire/Develop CAI Processor. Software "_f‘

A CAIL course may be written by using either a 3peaialized CATL lanv
guage or a general computer.programming language. In the latter case,
there is no need to acquire or develop a CAI processor; that is, a comﬁu- . .
ter program which manipulates the instructional program inside the computer:
So long as the instructional programmer (course author, lesson writer)
is willing to use a general purpose 1anguage'such as BASIC o} FdﬁTRAﬁ,
this step disappears. fpis alternative is howe&er ruled out in the ére-
sent case by Constraint 7 %p Subsystem i.O: Because computer pnogfaﬁming
must pe clearly séparated from instructional programming, a CAI language
mu;t be used. _ he | |

The selection or design of a CAI language is partly dependent on
the cholce of computer hardware (Sub. 4.1). It may be selected from-

~

existing languages such as Univac/ASET, Plato/TUTOR, Honeywell/EXPER,

.
~
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-

LYRIC or, designed on the bésis of language specifications;éhanating
from: (a) the CMI features required (Sub. 2.0), and (b) the CAI feé—
tures determined useful after an analysis of the c0u¥ses is performed
by the ;nstructional Programmer in Sub. 3.2 (e.g. line‘graphics,:cogph—

tational requirements). - : ' '

Language specifications can be-e;tegsive and.extremely tgchnical.
The inifructional programmer must make realistic and pracﬁical reéommen-
dations, ensuring that he does not request features of'litnle instruc-
tional value or of infrequent use. He must trade off the non—eséential
features against their incremental design cost. .

The software.réquirements may be ﬁi&ided into_three separate
categof1e§ ;orre3ponding Eo the needs oﬁ consecutive phases of the oper-
ation of the CAL facility.

Category 1 represents the maﬁdato;y fequiréments for Phase 1 des-

cribed in this paper and includes:

1. On-line editing by the Instructional Programmer staff to speed .

*

up the debugging process, facilitate the updating of maﬁerials, and
allow for Eodification and expansion of lessons.

<, Response Recording and Elementqry Analysié: The system muét' . 1
be able to save data og'both user ?nd';rogram interaction for use by the
author. Initially the system coﬁld simpiy'rEcord students' responses
for later retrieval. It shoﬁlﬁ also incorporate record-handling rou-
tinés to produce summaries of program performance to assist the lesson;

writer in improving .and revising lesscns and their in;erdhl logie on an
L}

‘objective basis;ﬁ

k—‘.'.‘—‘—#—-—.f-‘-.r*.“'——_-—'r S
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R .

3. Time-control feature to reccrd time elapse&'during trainee = -
interaction, to measure elapsed time of user input, and to control the

timing of display presentation. .
gt .
4. User Registration: ' The system mugt include provision for the
registration of traineea, authors, and managemént personnel’ to allow (and

to restrict) access to the system, teo allocate storage space for user

records, and to account for the Tesources used.
5. Record Keeﬁing: Record handling routines, similar to the one

mentioned for elementary respouse analysis, will be used to generate and
]

maintain individual students records which will be kept to determine the

degree of proficiency of the workforce in a particular area, with a re= |
sulting printout ipdicating when refresher training becomes due.

"Category 2 covers tue needs of the uext stage which is anticipated to
contribute improvements tb the system after it has been operatiug success~
fully for some time. If these features were available initially, they
would represent a remarkable'asset, but the CAL unit can oﬁerate wdthout
them through modifications in prograus, such as replacement of '"Drill and
Practice" by "Tutorialf_and inclusion of additional adjunct materials.

It includes:

l.‘ Computationai CapabilityE The software must include a simple
compu!ational facility ayailable to the users gamgd-akle to generate random
numbers . It must be able to execute computations and manipulations of
arithmetic data, store and use numeric information that may change in
value as a lessén is executed, and assess student answers in numeric form.

Z. Graphic Capability: The system must be able fo display pre- ’

defined simple-line static graphics. These straight limes are displayed

a,
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[y

on the screen without the need to define each point on the line. Further-

‘more this facility must permit to-erase selectively, write over, fill-in

]

tiqn: - '

‘oriadd‘to the displays.

3. Selective Restart Point: The language must permit the author to

establish restart points at which’ the execution of the lesson will begin

again 1f a diseonnection occurs before a seauence is completed, either by

. N .

accident or intention.

4. Mode §witehing Capability: This feature, an extension of the

" previbus one, .allows the trainee to switch from the training mode to an

6perational mode.. This enables him to practice simulation of what was.

corered in the tutorial, and to alternate learning activities with acrual

work, when the latter is uneVenly distributed over the shift period.‘
Category 3 represents the needs of .a future stage to be developed

when the previous phases will have been operated successfully for a long

g

_period and when most of the potential materials are available through the

CAL. facility They are listed to'indicate the general intended direction

[

’ of p:ogress and to ensure that preceding decisious are compatible with

-

‘future goals. ‘In contradistinction to Category 2, they would not contri-

bute siguificantly to the initial.operation of the syscem if thEszere

available froéi%he very beginning because of their degree of sophistica—

1,' Commuhications: The system will inciude a common atea or file,

T B

:where'system usérs can. leave megsages foy which @Rby‘may or may not re- '

quest: a reply g . '-',-‘;."_.'7

"2.' Diagnostic Testing: Tesﬁs‘dll be tailored to the indivﬁdual
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‘trainee’s performance so that a diagnosis will identify the specific

objectives which remain to be mastered. The next step will be the devel-'
opmefit of a personalized learning prescription;\recommending a specific

‘ A hd *
path of learning activities through the remaining curriculum.

3. Instructional Response Analysis: Basically an expansion of the

elementary response analysis‘listed under Category 1, this feature provides

‘an efficient deans for the lesson writer to evaluéte the effectiveness of

a lesson, by asking questions through the keyset, about the body -of

student response data stored by the computer.

The 5.0 Subsystem: Develop Instructional Program .

The funcFions in this subsystem represent the general scope of respon—

\ .
sibility of the Instructional DeveIOper. Initially they could be per-
formed serially by the same individual but as the workload increases it

b
will become necessary to split up the function and.allocate tasks to per-

sonnel who will speclalize in a particular ared. As the development func-~

tion grows with the producﬁion of CAE units, the need for—field instructois

will be.reduced iﬁ Sub. 6.0,(Administer gfaining), with a resulting shifc .

of.manpqwer‘from 6.0 to 5.0. ‘At a higher ievér of production it may

become economically jud;lééed_to shiﬁt functions such as.keyboard entry

or dard punching te clerical personnéi} b
Because of the experimental nature of this project it is necessary

to time-record all activities (e.g. time requiréd to input a Foding sheet

into the computer at the keybogfd); This information will'allog to

refine the operation in economical terms and will provide empirical data

-

for other branches of the. corporation c%ntemplating a similar move.

- ™~ . -

~
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THe 5.1 Subsystem: Staff Instructional Development Unit

Memberg.of the instructional development team, ldentified as course

. authors or lesson writers are selected from the instructor ranks on the

basis of their qualifications and experience. They bring to the instrue-

tional programming unit both subject matter expertise and training back-
ground. A trial period, during which they receive the necessary comple-
mentary instruction, establishes their predilection amd aptitude for this

type of work.

The 5.4 Subsystem: Develop Curriculum

This function is currently performed by Training Program Managers
who, assisted by instructors, produce in trainlng publications the Course-
ware Outlines to the Teaching Point (COTP) as well as the corresponding

pre- and posc-tesfs.
' \ .

In costing the implementation of CAL, the differential between the
current and the anticipated system is the relevant element. The costs
start adding up from the time the Instructignal Programmer receives the
COTP and tests (Sub. 5..2.1) corresponding to the prioritized list esta-
blished in 4.2.10. This applies'also to new courses: They would be
developed along stringent guldelines to produce & COTP and tests meant for
locations not connected, to the CAL network. However the costs attribu-
table to CAL are only those incurred after the COTP ;s deveioped.

In subsystem 5.2.2 minor adjustments are made to the COTP and tests
to ensure their compatibility with the available computer assisted capa-

-

bilities. 1In subsysfem 5.2.3 each teaching point, ‘chronologically sequen-

h)

ced in the COTP is subdivided into a sekies of steps (e.g. introductory,

-



78

generative, review, etc.) which will optimally elicit the intended trainee
behaviour. This information then flows into subsystem 5.3.

The signal path from;subsystem's.é Te-enters s;bsystem 5.2: The
lesson writexr evaluates the effectiveness of the CAI lessons with the help

= -
of microteaching characterized by very small classes. He analyzes the

. response files to detect areas in need of improvement. During tryoﬁt in

5.4.4, the specifié responses and their paiterﬁ received from a population
sample are analyzéd'as a basis for validation in 5.2.5. If the course
meets the pre-established criteria, it may be used in 6.0. 1If it does not,
th¥s information 1s fed back to 5.2.1 or any subsequent subsystem for
overhaul. |

.

M

The 5.3 Subsystem: Develop CAI Course -
In 5.3.1 the members of the instructional development team learn the

specific CAI system with the assistance of speclalists from the Computer

Services branch and the manufaczﬁrér-o;_;upplier. ‘in Subsystem 5.3.2

—_—

. =~ _
they elaborate a strategy supported by a flowchart model for the steps

written in 5.1.3. This flowcharted strategy is then transferred inm 5.3.3
to coding sheets which besides being used for computier entry -constitute
part of the documentation of the program. The commonly used strategies

]

will be pre—established, so that the author can select the most appropri-

/

ate from a choice of templates.

The 5.4 Subsystem: Produce Computer Program

The method of entry into the computer of the contents of the coding
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sheets (5.4.1) depends on the computer hardware selected in Subsystem
3.1, It will include a keyboard terminal for ease of dubugging programs.
A Video Display Unit will facilitate formatting, while a hardcopy unit
will prqvide a permanent record which could be studied off-line. Other
means of eatry include magnetic tape, card-punch, and perforated ﬁape.

As part of the formative evaluation, the computer prog?am is executed
in 5.4.2 and debugéed in 5.4.3. In some cases the modifications can be
made on the spot and the information fed back to 5.4.1 where the error
is co;rected on-liﬁe at the keyboar@ terminal. If the error is more se-
rious, the feeback information is injected at an earlier point such as
5.3.2 for a modification to the CAI steps. When the program has passed the
debugging stage it is advanced to 5.2.4 for céurse try-out with a repre-

senfative sample of the target population.

The 6.0 Subsystem: TImplement Training Action

A

Like Subsystem 5.2 (Dev%;op Curriculumj this last subsystem covers
existing functions which are modified to some extent. It'%eﬁresencs the
culmination of the project, in the sense that it constitutes the junction
point of éll components of the system: trailnees, equipment, courseware,
etc. Although it has costs assoclated with it, this supsysted is the’
only one where benefits are evidenced. .

The casts incurred in Subsystemlé.o may be described as mainly one-
time fixed'costs. They represent a necessary investment to move ahead
with a CA} project of modest scope. The costs incurred in Subsfstém 5.0

are dependent on the number of programs produced. The increase is roughly

proportional to the volume and quality of the material produced, although
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economies of scale are realized.

The costs incurred in‘Subs‘stem 6.0, on thé other hand, depend on
the number of trainees using the facility. The number of trainees simul-
taneously accessing the CAI lessons affects: (a) the size of the required
core memory in the central processing unit aﬁd (b) the processing cost.
The total number of students affects the peripheral devices reﬁuircd to
store the data on user interaction and records of iiddividual and program
performance. They may therefore be considered as variable costs.

: t

As the utilization grows the total costs can be spread over a larger

number of trainees_(or trainee-hours- student contact hours) to reduce the

unit cost. The effect of the decisions made earlier in Sub. 3.0 (Instruc-

tional Coverage) are reflected in the extent of benefits to be reaped.

The 6.1 Subsystem: Manage Instruction

Training Managers currently perform this functién: Thelr responsi—-
bilitiés include the acquisition and maintenance of facilities, as well as
the provision of instructors and materiﬁls at the right time and place.
This rcmainé basically ;he same, the ma}or change being thai some instruc-
tion is now avq}lablc in mediated form at remote locations on a continual
basis. It 1s still necessary to ensure that trainees receive the appro-
priate initial or recurring competence checks either at their own base
or at regional trainiﬁg facilities.; The registration and record keeping .
;rocedures are now modified by the use of the CMI features defineq in
Subsystem 2.0,-while the ﬁarking of tests 1s performed by the central

N

facility, with compiled reports available to the Training Manager.

U
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The 6.2 Subsystem: Conduct and Evaluate Instructicn

The trainee receives instruction which is taillored to his iﬁdividual
learning aptitudes and modularized to meet specific requirements to main-
tain a ;écoguized level of proficiency.

The instructor's role is chaﬁged in th%t he is able to manage the
learning experience to ; éreater degree. In multi-media courses such as
lecture with CAI-supporf he concentgates on the teaching of concepts and
on areas highly dependent on personal interaction, while he leaves the repe-
titive 'drill and practice' to the'computer.

There is a shift in pattern of occupations: Station supervisors,
wha have a recognized responsibility for training, can monitor CAI trai-
ning for their personnel. Instructors spend less time in the classrcom
and more on program development. This occupational shift provides a new
dimension in manpowe£ flexibility: Depending on the operational req;ire—'
ments, some individuals move from an instructor position to either field
assignment or program development. )

The instructional development team by'means of the Instructional
Response Analysis mode asks gquestions chréugh the keyset about the boedy
of student response data being stored by thé compuéer. They get the help

of the computer in analyzing the response data as a bhasis for correcting

and improving the CAI programa. ' . : /




CHAPTER 6
COST BENEFIT ANALYSIS
In a systemic context, the training organization, to accomplish its

mission, receives from the corporation an amount of resources to be trams-

' formed into a product which can then be translated into economic terms for

evaluation: The higher the ratio of output to input, the greater is the
efficiency of the orgamnization.

In a similar manner the CAL system consumes resources received either
from its parent training organization, or directly from a higher—ordér
system, sucﬁ as the Computer Services Branch on behalf of that parent or-
ganization. Its efficlency is measured by converting both the ;pput and the
output to a comparable yardstick such as economic value for conversion into
a ratlo. Te define accurately the effect of a new entity, sucﬁ as a CAL
faciliry, 6n the mission of the training organization, it is necessary to
determine to what extent the shifting of resources results in higher over-
all efficiency. .

In order to do so, the rele§ant elements must be quantified to allow
the calculation of the costs which will accumulate during the Research and
Development of the CAL system as well as during the design aqd production
of particular couyse units. The.effect of the av;ilability of a training
program in CAI form must bg_;raﬁsposad into financial terms: It will -
result not only in operating costs, but also in a reduction of some cﬁrrenc
expenses when compared to the traditional method of imparting knowledge.

There will be an accBmulation of net benefits whenever the overall differen-

tial amount represents a decrease in costs.

e D e e e . TR

F T
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This chapter explains the general pattern which will be used to com
pare the various alternatives considered, covering successively the costs,

‘ the benefits, and the production schedule which will directly affect their
A
/f‘~\\\\“‘—*; magnitude.
\ -

Classification of Costs and Benefits

— N . Each comparative study of training methods identifies the relevant
elements bearing on the outcome and classifies them into discrete catego-
ries so that the relationships between the variables can be deterﬁined
with precision and conclusions drawn. The various equations describing

" these relétionships can be grouped into a mathematical model which will
be used to predict the effect of variatioms in the value of the input
variableé. ) v ) : -

The costs and benefits of the projected facility can be identified
comprehensively by following the paths of the flowchart model through its

separate subsystems. During this process a segregation af the elements

is-performed between those which will have to be considered during the com-
parison of the alternative solutions, those which are common to all alter-
natives, and those which may be disreéarded because they represent current
obligations of the training orgahizétion regardless of the methodology
: . used. ’
Subsystem 1.0: Define Scope, Crikeria and Constraints. The study of

potential methods is one of the routine tasks of the training organization,

because it has a responsibility for research of effective new training

1 -'W . . . . e e -
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approaches. Its cost is included in the overhead and, although a portion

of it could be allocated to the CAL facility, it does not affect this

- spécifiq project. When the request for implementation is turned over to

the Computer Service Branch,.;his unit will peéform an analysis of its

own in accordance with its internal practices which include research acti-
vities by systems analysts under the direction of a project leader. A
specific cost representing the research manpower required will be charged
back to this pfoject. This amount is independent of the system selected
and remains therefore the same regardless of the alternative being
considered.

Subsystem 2.0: Define the CMI requirements. The definition of the
registratién and reporting capabilities deemed necessary for the operatiom
of the facility at the selected degree of sophistication will affeet the
selection of the required software support package and therefore will
h%ve a bearing on its cost.

Subsystem 3.0: Determine Instructional Coverage. The training orga-
ni;ation hfis a scope of responsibilities with well defined boundaries.

» ..
Within that scope the ééiectioﬁ of media is a routine decision which does

Ll
+

not entail more expenses as a result of this project.

Subsystem 4.0: Provide Development and Delivery System. The provi-

”

sion of hardware support affects areas in all subsystems. It includes the
Central Processing~ﬁnit, either purchased or rented, and its operating

i £ )
personnel, the peripheral storage units, the data communications lines and

-

the learning stations (terminals and modems connecting them to the distri-

bution network). These are not limited to the trainees' stationms, but

are part of the equipment required by the Curriculum Development'Team.
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The Delivery system could include Auxiliary equipment such as student
carrels and audiovisual equipment.

Subsystem 4.0 must cover the east of acquiring through purchase 6}
rental, or of developing either in-house or in co—opera;ion with other
‘iﬁstitutions, the software selected on the basis of the CMI specifications
and of the Instructional'Prograﬁming requirements. .

Subsystem 5.0: Devepr Instructicnal Program. One of the implementa-
tiqn costs will result from the initial training of the Imstructional Pfo—
grammling Team. Although the potential course authers are selected on the
basis ;f their abilities in afeas such as Programmed Instruction, they must
learn the use of the new fécility. These expénses will vary with the type
of system selected but will remain within the same éeneral bracket. Since
both hardware and software have been cénsidered in .previous subsystems,

the remaining costs are constituted by the salary of the Instructigqnal

Programming staff.

v

" Subsystem 6.Q: Implement the Training Action. At present the

training organization includes field instrucfors at 'major' and 'large'

-

locatioys, while at other stations, the local managers an&!;upervisors are

“responsible for some aspects of training. The scope of activities of these

a

. i ,
personnel will be somewhat modified. Instructors who participate periodi-
cally in training program devélopment workshops will now be using a new

methodology. There will be a flow of persopnel from the instructor to.the

supervisor ranks and the supervisors must be able to guide and monitor the ~
progress of the emplgyces using CAL at their stations.  Although these per-
. 3 .t :

sonnel will have to be familiarized with their new role, no additional charge

'
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is assigned to this project because in-service development is part of the

routine responsibilities‘of_the training organization. Similarly the admi-

. nistrative activities connected with the management of -dnstruction, such

as ScheQuling and report Keeping are currentlyubudgetéd and the;efore do
not result in additional itemization for this project. IE is expected that
the fgciLity“;doptéd will modify the division of labour in these areas,
but not its total quantity._ The time used by trainees in the classroom’

is considered omnly vhen it deviates significantly from the tiﬁé currently
spent: A reduction would result iﬁ‘benéfits.

.

Whereas subsystem 1.0 to 5.0 reﬁresént additions.to the organization,
which resuit in either modifications of éiisting activities or new activi-
ties and incremental costs, subsystem 6.0 15 the only one where economic
benefits can be found. _In fact thqgékhenefits-which_derive mostly froﬁ the
elimination of certain éxpenses curreutlf incurred, must offset all other
costs if the introduction of rthe CAL facility;is to be cost—justified.

This 1s, of course, alvéfy conservative approach since it is quite
concelivable that‘tﬁe pfocess of developing instructional programs taking
place in subsystem 5.0 will become more gfficient than the pfesent method.
This i1s expected- to become the  case. after the CAL unit takes over the ini= "~
tial development of new training programs, lnstead of being an. additional

’

element converting materials selected as suitible to CAL form.

Furthermore, the level of performance of the trainees 1s expected not
only to be higher tham with the chrren; methods at the end of the course,
but also to remain at that higherllevel because of the availability of

periodic competency checks and of remedial instruction through the CAL

&
PRI



1; staff salary uhi;h is a function of the prggramme development tima.

i
S

medium. These effects will manifest themselves in+other divigions of the
company in the form of increased productivity and quality ot ontput._

The introduction of Computer'Assisted‘Tistrsction will result in many
side effects vhich may be complex to'quantify and remain too intangible\to
be incorporated intodthis t&pe of study. To retein credibility, even at
the risk of remaining in the marginal area of profitability, this study
considers on the positive. side of the balance sheet only these tangible
elements which can be identified unambiguously and quantified in economie
terms.- : o . . ¢

After identification, the various eeonomic comoonents 1isted above.

which do not ‘differ madkedly from those considered by researchers in this

field, are regrouped’into "four main functional categoriés representipg Lo
. A . (SN

respectively: N

1. The initial acquisition of the CAL capability. ‘This would iftlude.

one-time costs as well as the expenses necessary to set up the nmetwqrk

facilities. Althpugh the total purchase cost or rental of the complete

U network is covered here, data for individual locatilois can be identified

,

sess the effect_ of sddition and deletion of stations. \

-
'

e expenses related to the development of training programmes.

Besidé e_costs of transactions and storage required during the creation’

and evaidétion of courses,'the main item 'Ls the Instructional Progrdmmer

3. The.expenses related to the use by the trainees of the developed

Erainingrprograms., They consist mainly of the costs of_the*transsctions

hS

generated By the use of the programs.



4, The ééngible benefits occurring in the Training Operation stage.

*  They are finmancial bénefits in the sense thét they are made up of a reduc-
‘;tion of expenses which.are currently being incurred and will be eliminated
by the availability of the CAL COUES:: such as: travel time between home
base and training location, relaﬁed travel expenses, and lnstructor class-

room time. If the duratiéﬁ of training is reduced for the trainee, it
will also increase the aﬁount of benefits being derived from the existence
of the new me;hodalogy;

This classification, summarized in‘Figure 5, allocates the costs
identifiedras necessary to the proper functioning of the facility to spe-=
cific budget givisions which cérresponé roughly to the subsyétemslof the

_ flowchart model and which permit the analysis of the system by assigning
costs to either . .the ﬁacility, or the development of a particular course

unit, or the use of that course unit by a trainee.

Determination of Benefits

. Whereas the costs assoclated with the implementatioﬂ of a facility
depend on the characterisgics of the various components selected, the
benefits to be derived from the availability of a curriculum of courseé in
CAL form can be calculated with sufficient accuracy on the basis of sta-
tistical information to provide a ceiling figur; for the cost justifica— >
tion exercise.:

When a course unit has been converte& and becomes available in CAL

form, certain activities associated with the current mode of conventional

instruction are no longer performed. Their elimination represents a
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reduction:in costs and therefore potential savings. The amount of savings

depends on factors such as the length of the course, the number of trainees,.

. and their geographical location, the average class size, the amount of the

travel e;lowance, etc.
Each course must therefore be analyzed separately on the basis, of tn:se
characteristics to arrive at g’oollar figufe, representing the potential
saving over a full year of availability, in the manner shown below for
Course 1.1 (Reservations —‘Basio). - . o »
The Course Profile describes the course as cof®isting of 65 hours
(iO days or 2 weeks) broken down into 39 hours of computer assisted instruc-—
tion and <6 hours of simulation. After conversion, the course no longer
requires the presence of an instructor while the trainee is receiving ins-
truction. At major stations where instructors are based, the trainee may
recejve additional coaching from an instructor, while at other statioms,
the trainee receives assistance from his supervisors: These are currently
available and being used, and therefore do not represent an add%oional

expense, when CAL is introduced. Since only part of the curriculum will

use this methodology, a number of instructors who are able to monitor the

"operation of the system, remain available while performing other dutiles

such as course preparation and various administrative activities.

j The pattern-of éraining requirements indicates' that the course 1is
given to new Passenger Agents (A, Reservations Agents (B), and Station
Agents 1II (I), while the geographical distribution of trainees provides
the breakdown of these employee classificatlon for the various categories

of stations:



Rl

A B 1

Major 944 744 . 0

- Large 488 372 0
Other _335 185 - 92

. Totals ’ 1,767 1,331 92

+

“

Totals

1,718
860
612

3,190

e
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The manpower budget provides the following average figures for salary ~

and expensas:.
Instructors and Trainees:,
Travel Expeqsés
Workdays/Productiye days
Instructor
- Yearly salary (including benefits)
Equivalent daily salary
_ Equivalent hourly salary
/
Trainee

Yearly salary (including benefits)

Equivalent daily saléry

$45.00 daily

230 yearly

$26,496.00
$115.20

$14.40

$19,504.00

$84.80

The turnover rate determines how often a particular course must be

made available to qualify enough agents to meet the needs of the operation.

It depends mostly on the number of new hires and internal transfers. It

~

is most closely approximated on the basis of historical data by comparing the

' et
actual number of trainees over the last three years with the size of the

workforce. The examination of records also provides the average class size

for the various courses and locations.
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The records indicate that the turnover rate variles between a low of

0 to a high of 30%7. When it cannot be determined with precision, a com-

-

- servative figure of 8%, representing the average figure for new hires And-

internal transfers, is used. Personnel who do not receive the initial

.

training described qualify for fcilow-up or "refresher'" training.
Thus, 1f in any one year 8% of a-particular employee claﬁsification

receive initial training in a specific area, the remaining 927 will re-

ceive follbﬁ—u? training on the same subjegt to maintain their competency

level. The information listed above leads to itemization of the expenses

. related to training under the curtent method, or, in other words, the

~
potential saving under the proposed method:

1. Instructors, based at 'major' stations conduct classes at these
locations for an average 186.4 trainees a year. This number is made up of

-t

137.44 trainees from the 'major' stations (potéhtial 1718, turnover rate

8%7) and 48.96 from the other stations (potential 61/, turmover rate'SZ).

-

Based on an average of ten students per class, this number of. trainees

correspond to a yearly 18.64 classes.,

2. Furthermore, these same instructors conduct 13.76 classes of 5

-students each, for the 68.8 trainees (potential 860, turnovér rate 87) at

'large’ stations. The instructors therefore conduct a yearly total of

4
-

32.4 classes of ten days, equivalent to a cost of $37,324.80 (344 days at

$115.20).

3. To copnduct the 13.76 classes conducted at 'large' statioms, the
instructors will travel one day in each direction, and this will result in
an additional outlay of:

13.76 x 2 x $115.20 = $3,170.30.

|
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4. The instructors recelve the travel allowance of $&5,00 per diem,
\

h
-

for the 13{39 courses conducted away from their home base, 1A days per "
course (10 days instruction, one intervening 2 days week, eﬂd, and Z days .
N TN LIRERE ) -

! DR A .

T . . g -

travel): . . L : S

13.76 x 14 x $45 = $8,668.80
5. The trainees travelling from 'other' stations to receive crcining

.
A_‘|‘ -

,at a 'major' station travel one day in each direction. This time reduces
' : ' t

P

their yearly productive days by two: ) f:
asfgé < 7 % $84.80 = §$8,303.62
6. These tralnees also ceceive a travel allowancgiwhile away- from
their home stationms: ' : : - _ s§i\ ,
- 48.96 x 14 x $45.00 = $30,844.80 "\

These expense items total $88 312, an- amount Tepresenting the yearly

benefit rcsulcing from the availability in CAL from of Cpurse 1.1, when

Y

used for initial training. ' .
During the year in which it is produced, a course is only available

for a fraction of the time and the-amount of savings to be derived from

its avallability is propcftional to the periocd extending from the date of its

completion, determined‘by the prcduction schedcle, to the end cf the

year. Thus, if Course 1.1 1s ready for use on April lst, its availability

covers 757 of the year and will result in a saving of $66,234 for that -

year. If, on the otherehand, the production is behind schedule.by three

months, the availability is reduced to 50% of the year and the cenefits

will drop down to $44, 156 Deviatioﬁglfrom the production schedule there-

gfre directly affect the amount of benefits to be derived from the CAL

syStem.

-y



T aanr

Wheu all the tourses in the:Passenger Service category (1. l to 1.4)
..Iv o 2 - 4

ate convented to the CAL metﬁodology, additional savings reSult ‘from the

use of these materials for refresher training*aimed at the 92% of. these

.;.employaiclassifications uhiéh do not receive the Anitial training in thac -

year. The duration of follow—up training varies up to 6.5 hours a year

depending on the course and the type of station.
f The prpcess of calculation of the benefits resulting -from the avai-

lability of a course in CAL format, exemplified by Course 1. 1, is repeated}”

N

for each individual course, taking into consideration the -target popula-

tion. the turnover rate, and the other relevant elements along similar

.

lines. The re5ult of this process is summarized in Table 5. One assump-

tion of this process is the stability of the size of the work force which

.

is projected as being constant over the period considered ['\5\
. . . .‘f '

An exception to the general pattern is found in Course 1.5 and its

follow-up aimed at an expanding target. population of Travel Agency per-

sonnel. The course itself is made up.entirely of modules created for

raes 1.} to 1.4 and therefore requires only a.minimal amount of Pro-

gram 5eve10pment work. The target population is currently 1,116 with a
projected expansion rate of 10% per annum. The only source of benefits

" 1is the instructor time since he conducts courses at his base for trainees
whose expenses are covered by their respective employers. With a turn-
over rate of 107 the amount of benefits is restricted to $6 428 in 1979,

.

8rowing yearly. at a compound rategyof IOZ ,

-

. The follow-up to Course 1.5 (F1.5) 1is currently conducted by instruc-
tors at 3519 off-base locations for two days each year representing a total

of 1038 training days and 168 travel days. The estimated costs for 1979



o TABLE 5'

YEARLY SAVINGS RESULTING FROM THE AVAILABILITY

OF COURSES IN CAL FORM

Course ST : SAVINGS
identification © Initial Follow-up Totals

number . ’ training traihing A

v 1.1 . $88,312 . - $88,312
1.2 - 45,900 Coa . 45,900
1.3 31,631° - 31,631
1.4 45,295 © 45,363° 90,658
1.5° 6,428 . 156,871 163,299
2.1 1,118 . 1,802 . 2,920
2.2 1,293 11,181 . 12,474
3.1 17,375 10,559 27,934
3.2 4,025 616 - 4,641
3.3 - 6,565 . 616 ' 7,181
3.4 . 4,842 - 1,231 . ., 6,073
. Tor ' B [y
4.1 52,956 - ¢ . 52,956
4.2 o 55,928 13,9265 . . 69,854

4.3 . 18,131 4,030 C o Tlz2,161

aTh;a benefits of foilow—up trainihg begih bpen éll courses l.i .
to 1.4 are completed kFl.l;&).- _ ' o N

-bCourse 1.5 is made up of modules of courses 1.1 to 1.4. Savings
start to accrue when courses 1.1 to 1.4 are available. These
savings.incre?se each year because of ;n cxpandingipopulation.

.CThe benefits of follow-up‘$13;926 start to accrue.only when beth
4.1 and 4.2 are completediand available (F4.l—2).:v
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amount to $156,871, and are projected to grow at 107 compounded yearly.

.1 The size of this current expense militates in favour of an early switch to
: O :

* 7. a cost-saving methodology.

¥ Production Schedule

—

The availability of coursesin CAL for; determines the maximum amount
of benéfitg.to be reaped in tﬁe‘production year. 6n the other hand, from
the time they are used, these courses will result in expenses caused by,
.the generation of trénsactions by the trainees. It is therefore necessary
to plan a produc;ion schedule which will maximize the net benefits, through
proper sequencing of courseware production. The schedule of production will
affect the Curri;ulum Development>costs in the form of wages and computer
transactions. The Production Schedule is theérefore the keystone of the
fipanciéllénalysis as a result of its effects on the other functions. Be-
gides the «specific characteristics pf the coufses and the related instruc-

© tional ﬁode of computer use, the duration required for the development of
training materials depends ;n factors such as the relative effectiveness
of current éonventional vs. computer-based iInstruction, the ratio of pre-

paration to presentation, the maintenance (course update) requirements and

the learning curve effect.

Pl

Relative Effectiveness of CAIL

Chapter 4 has revealed the existence of 434 hours of conventional-

.

inétruction suitable for conversion to CAI methodology. To circumseribe
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the magnitude of the task, this figure must be translated into the number
of hours of CAI materials to be produced to obtain an equivalent result,

that is, the number of student contact hours (SCE) for each specific pro-

gramme required to bring a trainee to an identical level of proficiency,’
) ) N . ]
formally defined as a training performance standard. .These figures can

thgﬁ be added up to provide the figure representing the number of undu-

ﬁlicated trainee hours for conversion of.the whole programme.

Posner (1969) has remarked that the cost per student hour af;instruc—
tion i3 a convenient but inappropriate measure of the efficiency of
insﬁructioulbecause the student hour of instruction is meore a measufe of
the input of studgnt time thﬁn one of the output from education. Silvern
(1970 p. 148) also attrécts attention to the féct that the effectiveness per
learner per hour is a function of several factors, one of them being the
quality of content. For consistency we shall use the ‘term Student Contact
Hour (SCH) to represent one hour at the terminal for the average trainee
during validation of the completed pr&gramme to the same standards used
for validation of our current couventibnal instruction.

If one hour at the terminal resulks in the same proficilency level as
one ﬁour of conventional instruction, ﬁoth me;hbds may be considered as
equally effective. Kopstein and Seiﬁgl (1969 p.345) have expressed the
opinion that the fﬁndamental aSSumptiOA%bf‘ééﬁgi effectiveness is necessary
in economic comparisons of computer and traditionally adﬁinistered instrue-
tion in the studies where a tight methodology is not avéilable. Posner
{1969), on the other hand, found that the assumption of equal effectiveness
of éomputer and traditional techniques is convenilent but not essential for

economic comparisons.
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In their study Kopstein and Seidel (1969 p. 347) found the notion of
at least equal effectiﬁeness to be reasonable and on the conservative side.
In this regard Fahlmann (1975 p. 37-38) of the Canadian Forces Personnel

Applied Research Unit has concluded from a review of empirical research

_that several inferences can be drawu.and in particular that: {(a) CAIL is

as effective or more effective than conventional instruction as measured

by student achievement, énd (b) a diffefence,which consistently appears_1is
a time saving~ranging between lO:and°90 percent in favour of CAI, with some
time saving also evidenced in comparisons_with programmed ingtruction.

Similarly Sherron (1976 p. 70} of the U.S. Industrial College aé the
Armed Forces reported that the U.S. Marine Corps Communicakions Electronics
School in Twentynine Palms was able to considerably reduce the number of
instructors and the 1ength of the courses through the use of computer
assisted training. In a similar vein, Hansen (1975) has reported savings
resulting from course reductions ranging from 24 to 80 percent in the U.S..
Naﬁy. .

With fegard to cost comparisons between instructiomal alternatives,
tﬁe cqnsensus~is that hard reliable figures are d%fficult to come by.
Kopstein (1969 p.345)7writes that it is precisely with respect to the
relative effectiveness of CAL and TAI that reliable objective informétion
is practically non-existent", while Sherron (1976 p.44) states that "coﬁ—
parable cost data on instructionallstrategies are almost noq—existent",
and attributes.this unlikely state of affairs to the lack of a requifed

discipline of measurement and recerding. This is especially true for

traditionally administered instruction which is_consequently very poorly

.

‘atandardized. : - ' \NN“T;;;

LI - . . o
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The reduction.in course lengths encountered in the 1£terature are
certainly appealing but the spread between the most and least favoutable
figures is too wide for even rough projections. Furthermore; it is a
factor of both the pedagogical value of the original imstructiom and of

the care used in the production of the newer innovative product. It is

expected that the didactic value of_a product such as CAIL; when prepared

in accordance with the strictly defined methodology required, wiil Eé greater
tﬁan that of an existing course which was created at an earlier stage when
less was known about proper development methods and which has been allowed to
grow and be patched up over a period of time. L
- It may therefore be confidently expected that the qualitative impro-

vements brought about by the conversion process to CAI methodology will re-
sylt in quantitative reduction of the traininé time. The initial calcul%—
tions will, however, be tased on equivalence of effectiveness between similar
times spent in conventional instruction and in CAI. This initial assumptien

will be modified 1ater on the basis of the monitoring of actuel training,

LY

once the CAI facility is operational.-

- Requirements for Maintenance of Materials (Update) e .

In the dynamic environment of the airline, there is a continuai gene-
ration of procedures and methods which #ust be communicated to and applied

by the workforce. As a result existing training -instruments must be up—//////

dated and employees periodically retrained. The amount of change may/bé

e

‘determined by examining the volume or percentage of pages affected/in the

- )ll/

existing source maduals published internally by the corporate‘Puh}ishing

X //
Services. The updating (HE the training instrumezts/to reflect these new

- procedures takes precedence over the routine “conversion of tourse materials.

-

/
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because their availgpility must preéede thé implementation date‘of thé
changes. Furthermore obsolete content in trainiég publica;ious,is mis~ '
- leading and may rg5u1t in operatiqnal problems.

.Thg maintenance production re&ﬁiremeﬁt may be expressed as a percen-
tage of the existing inventory of avaiizble courses expressed in séudhnt
contact hours. Although modifications may afﬁgsg_ggy135ﬁ£§gﬁgya{}§§%§;_17
didactic materials, the.areas potentially affected are generally known
ahead of time since they are indicated in the corporate, reglonal and
branch planﬁ. By judicious selectdon of Lhe course units to be produced,
.the instructional developer can ensure that the programs he érepares‘will
not be affected by changes in their first year of existence.

The amount of CAI hours available is related to thé produd¢tion rate
and yo the update requirements. Thus, for a constant production rate of

100 hours of CAI materials a year and a 15% update requirement based on

the inventory at the end of the previous year, the production schedule

would be:
Year Update Ne; ' Available
1 0 100 100 ) :
- 2 10 s0 | 1% |
3 I TR

Actual field experience indicates thatlupdating of training materials .
requires proportionally more time than the actual' amount of change in the
source materials would indicate. This is apparently an area whith is often
underestimated in the desig? of CAI sysgems. The experience of United-

Airlines suggests that‘up-to 207 of.pfoduction time may be needed for the

{
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updating of existing programs, although the proportion of courseware

actvally changed iéﬁcénsiderably less. : -

The programs intended for conversioﬁ to CAIL methodology deal with
subject matter either similar to the one treated by United Airlines, or less
subject to change. The overall rate of change in these fields oscillates

»

around 87 of the existing content per annum. Initially a figure of 152

will be used for the calculations, a$ a congervative figure subject to

\ ol
modification ‘on the bagis of actual experience.

Ratio of Preparation to Presentation

One key factor affecting the cost of CAI materfals is the production

time required to design, produce and validate one CAl 'unit. The ratio of

preparation to prqsentatioh is reported Fo vary over a considerable range.
A high of 350 hours has beén-quoted by Mirabal (1976) while a low of 20
hburs ié mentionned by Hiéks and Hunka (1972, p.l66)..- The latter summarize
the situatipn by stating that at least 40 hours, and in. some instances as
many as 200 hours. of‘p;bgrammiﬁg are required to produce one.hour of
teaching ;ime at the éomputer terminal. ) " '
The time gequired depends on the specific‘application. Hicgs and
Hu;ka Eﬁphaéize that the time requir;d for prdgramming and production of
the audiovisual parts should not be underestimated. Programs in that
category would fall in the upper part of the range. The Air Canada Flight
Operitions AVCAT (Audic Visual Computer Aided Tutor) system requires a

ratio of 200:1, ;hc this includes the audic and visual elements which

are produced by the instructional programmers themselves. Figures quoted

{
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for fiato v censre around the upper half of the range when the full
extent of possibilities of this sophisticated system are experimented with.
. However, because it is a powerful interactive system which makes it easy
for the.authors to write their materials, a smaller ratio is possible.

In facs, "s college teacher experienced in the PLATO system will spend 10

to 50 hours at a terminal while creating an hour of instruction, with some

’

additional planning time gpent away from the terminal" (Smith and Sherwood,

L]

1976, p.350}. i ‘
If the features of the -system are more limited, the ratio decreeSes.

Thus Silvern (1970, p.152) quotes a ‘figure of 59.3 hours for a CRT-alpha- .

numeric system, including production asd validation of job analysis, course

outline to tﬁe teaching point, and tests. He summarizes by stating that it

takes about one week to produce one hour of instruction.

The preSent study deals mostly with programmes which, at'most, require
simple line drawings and no&audio.features yhatsoeves. Furthermore'these
training programs exist in conventipnal form in traiﬁizg publications where

the job analysis and course outline to the training point have already been

L]

developed. For this simple type of material it seems reascnable to expect

that the instructiohal programmer staff could attain a ratio of 40:1 after

approximately three years of practice.

Learning Curve

Hein (1967, p.91) has pointed out that, when constructing a seriles of

relatively complex and similar objects, the time required to comstruct the

—

second was appreciably less than the time required to constﬁgpbiphe first.

The learning process seems to continue indefinitely amd havé a measurable
rd
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and fairly constaht rate. He recommends that this tocl, which is applicable

.

to group operations, be used on an experimental basis along with curreat

. procedures to compute standard error figures and to determine confidence

limits._ The law of the effect of learning 5n production states that, given
any specific point in Ehe pgoduction sgéies, the accumulated-average.time
per unit is a percentag; (between 50 and 100%) of the accumulated average
time per umit at ome-half that point in the production series. The 100%
fig&re represents a no-learning situation where each consecutive unii is
produced at the‘same'speed as ‘the previous one. A lower percentage corres-
ponds to an improvemept when units are produced progressively faster. The

50% figure is a physical impossibility: Such a coefficient would mean

- that; if 10 units had been produced in 100 hours, that is at an average time

per unit of 10 hours, the production of the first five units would have
required an average time per unit of 20 hours, that is the same 100 hours
used by the total production. =~ .

Data concerning the production of CAI course units are obtained by

constructing the regression line corresponding to the learning curve. The

" production depends on both the learning curve coefficient and the time

required to develop the first course unit, figures:which must be determined
empirically. It will therefore be necessary to recorQ the progress of the
development activities under actual conditioms: A form of quality control
counter must be inserted in subsystem 5.0 of the flowchart model to ascer-
tain the rate of producﬁivity of the Instructional Development-team.

For planning purposes # coefficient of 96% and an initial ratio of

120 hours of production for one hour of presentation will be used. These
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figures are selected as a result of limited experimentation by a three-

_man development team for the producticn in CAI format of typical courée

- materials of the Transportation Services Branch. Coincidentally the lear-

ning curve coefficient is approximately the same as. the one found to pre—
vail when the training organization started developing sound-slide presen-—
tations.

In order to determine the production schedule the productive man—hoers

- -

available are converted inte a number of CAI cdurse hours produced. For

é project of this nature the instructicnal develbpmeet team reéponeible for
the-preduction of the djidactic _materials should consist of a minimum of .
three individuals on a permanent basis: This provides continuity in case
of absence or transfer of one of the members and allows tee effects of
synergy to take plaee within a small dedicated group. This nucleus can be
complemented as required by additional members, such as conﬁentional ins—
tructional developers or instructoxs on a temporary basis. It 1s the expe-
rience of British Airways that the addition of personnel does not increase
properticnally the cutput of the unit.

' Permanent instructional developers are initiaily selected from the se~
nior instructor ranks on the basis of-personal.qualifications and specific
abilities. They receive the additional training required for the adequate

performance of their new functions. On a yearly basis they work an average

of 46 weeks of 40 hours (230 days of 8 hours), thus providing the develop-

' B
ment unit with a yearly total of 5520 hours.

e
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These 55.0 hours of productive manpower available yearly can be
translated into a figure representing the production of CAI materials,

either on a cumulative basis o;\?bx\fny particular year of the project.

. '
Table 6 summarizing these results shows the progressive reduction of the,

preparation-to—pﬁssentation ratio over the jears: With the figures selec-
ted, the ratip of 40:1 is achieved when”the production team reaches the

devélopment of the 465th to 470th hour of CAL materials, that is towards

MER
LA

the end of the fourth year.

F

The effects of a learning curve coefficient of 907 and of a maintenance
requirement of 153% can be merged to reflect the availability of updated CAI

course materials at the.conclusion of each year. Table 7 reveals that the

original targét of 434 hours of available CAI materials can be reached

within five years.
The general method outlined in this chapter for the performance of Y
a cost benefit analysis suitable for therimplémentation of a CAL faciiity

——

can now be used for the evaluation of various alternative configurations,
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u__;; TABLE 6
PRODUCTION POTENTIAL OF DEVELOPMENT TEAM
) Cumulative " - Yearly
Years | Man-hours Production Produotion Ratio
1 5520 hrs '91.4 hrs 91.4 hrs  60.4:1
2 11040 206.9 . 115.5 47.8 4
3 16560 . 333.8 126.9 43.5
4 22080 - 468.6 134.8 40.9
5 27600 609.6 141.0 39.1
TABLE 7
/ -~

AVAILABILITY SCHEDULE OF UPDATED CAL MATERIALS

4 Production Materials

Year Total Update New available
1 91.4 0 ‘91.& 91.4
£ 115.5 13.7 ~ 101.8 193.z
3 - 126.9 49.0 97.9 291.1,
4 134.8 43.7 91.1 382.¢
5 141.0 57.3 83.7  465.9
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CHAPTER 7
APPLICATIONS

This chéﬁter presents an economic comparison of three typical
alternatives.: )

}he first one makes use ofhinternal resources by combining an
existing del;very Syste;, the Reservec netwotk,,with an existing CAIL ..
langdage, the Honeywell EXPER, suitably modified for compatibiiity;
The second alternativé uses the same network, but in conjuction with
a rented software package, thus limiting the émouﬁt of modifications
required for cgﬁﬁatibility. "The third facility is coﬁpletely inde-~
pendent in the sense that it does not make use of any interﬁal
resources, except of Eourée, the-requireé personnel: It is ; system
fully dedicated to training, and as such must be cost-justified on the

-

basis of adhiev;ment in the field of training alone.

The alterﬁatives.selected vary in their cost patterns. The first
two are roughly similar inm thedir developmeﬁt and operation costs, but
*differ mostly in the acquisition costs,.requiring respectively more

for in-house programming and rental costs. The third one is character-

ized by high costs in all areas since neither the terminals nor the

¢ communication 1inks are shared with any other function within the

corporation. This is of course an extreme case, and hybrid solutiouns

_could be designed, that would combine features of several possible

systems, with results falling between them. But this alternative is

shown as an example of a radically different possibility, for com—

.
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pariéqn purposes.

Rnother type of applicaﬁion that suggestg itself would include
standalones, or minicomputers, with the coursewaxe available on
cassettes or cartridges. One of the main advantages would be the
elimination of the high cost of communications lines. The'cassettes
would be made available to the various locations on permanent loan
of on request, by using the internal company mail service, a natural
channel for a_ transportation companyﬁBut, because there 1s a require-
ment to examine the trainees’ inqu rapidly and to ﬁake freque;t

updates to the courseware, this solution is not considered here.

Futhermore, the logistic problems connected with the forwarding, re—

call -and modifications of cassettes are too complex andltime—consuming,

as shown by previous corporate experience with sound slide presentations
and video-cassettes. It would also be posgible to transmit and update

the courseware by means of existing communications lines for recording

on cassettes at the various locations but this solution would mean

T oan additional workload at these stations and ‘would require personnel

qualified for this function. Since the use of the terminal would ini- .
tially be restricted "to training functions, this méthod would be
zomparable to the third alternative, without the communications lines

and with cheaper terminals. Because of the constraints in the areas of

courseware update and evaluation of trainees' input, this solution is not

considered suitable at this time, but could become so in the futuré
»
when minicomputers become commonplace and training programs have reached

a sufficient degree of stability through refinements brought about by
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constant m0n¥toring of trainees' performance.

’

The First Alternative: Reservec/EXPER
]

-

Description

The first alternative makes use of existing components:

1. The Reservec system made up of the Univac lilq Central Processing

Unit, the Network Controller located in Toronto, the ﬁetwork communications
L]

lines, and CRT terminals 1qcated at the various stations operated by the’

corperation.- . -

' [

2. The EXPER language, described in its technical manual (1970) as
a FORTRAN-based CAI author language designed to operate on the General
Electric 200 Series time—sharing computer systems, currently available on
the Honeywell system and used in a minor way for some training within the
Computer Services branch. It can be uSed in conjunction with the Reservec
system through emulation.

CRT sets are®connected and ere in use at all reqeired stations so that
training can be decentralized with the trainees eeing the set at their own
work location. At "major and "large" statioms, however, it is necessary
to complement these facilities with some additional sets in e classroom .
environment.

The Reservec system is designed to meet the highly‘demanding
operational requirements of the airline. Thus its characteriscics, such
as average response time, minimum time between failures EN@BF) etc. are

suitable for instructional purposes. It 1s equipped with e device which

prohibits the use of certainm low-priority transactions during exceptional
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peak demand peniods, such as those caused by itreguler operatione becau%e

‘of weather, when operational traffic increases significantly Ic is

-expected that during these periods, the CAI facility will not be operating.\KIL

This situation, although occurring infre\nently, must be anticipated at \\\

" locatiens where trainees are gathered for initial or basic training, S0

-

that alternative activities may be provided during these pericds when
the trainees cannot be returned to thedr work environment for productive
duties.

*  One of the advantages of CAL isnthat it will permit training at the
work locations. Thevwdrkload of Transportation Services personnel follows
a cyclical pattern of .activity throughout the day: Thus Load agents and -
Passenger agents are very active 'around the departure times of flights
which tend to be more. frequent between the hours of 0700 - (900 and
1700 - 1900 while Reservations agents see increases in the volume of
incoming telephone calls in late morning and late afternoon The Reser~
vec system is designed to handle these peaks of activity even when thef,
are combined. The agents are scheduled to work an . eight hour shift which
is therefore made up of peaks and valleys of activity: When: they arg
busy with operational dutie;; no training takee place and it is only when
the job-related volume of transactionsddecreases that they can turn their
attention to training and generate training—related computer transactions.
Training and operations complement each other with the result that the

)

flow of total transactions is moTe even tHroughout the day.

While the Reservec system meets the minimum réquirements specified
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earlier for the instructional requirements, the EXPER language with minor
modificetions will‘meet those softmege I needs which have been listed
:under-Cetegory 1, that is those representing the mandatory minimnm're—
quirements for;phase,l of the programme: (a) On~line editing, (b) Res—
ponse recording and elementary analysis, (c)'Time control feature, (a)
User"TEgistration, including security, and (e) Record kdeping..

'<ihe effective use of computers for tutorial teaching requires that
course authbrs have powerful special-purpose languages. EXPER, designed
for non—programming educators, has a fairly simple structure, ineluding
a set of eleven symbols and instructions executable by the computer. Its
capabilities are .limited and the preparation of lessons is somewhet
cumoersome. It is.therefore necesseryhto develop, tnrough‘programming
modifications, a more powerful rersion which will egtend its capabilities
and simplify. the task of the authors., It is proposed to meke this
development a joint project with the participation of the airline Computer
Services'branch and of the owners of EXPER for the mutual benefit of both.

" In particular it will have to include pfograms for the creation ofL
secure student registration and student performance files, from which’
items can. be copied and displayed _ oth files must include system initia-
1igation information in connection with the student identification and
this data will be used for subsequent restart {n case a student inter-
rupts a lesson without completing it. This is a qery'important feature
since instruction 1is planned to take place at the work 1ocation for a sig-

aificant portion of the training.

These modifications will be translated into additional costs resul-

Y
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ting from the use of in-house_programming resources. The possibility

exists of developing a.CAI language in cooperation with other organiza-

‘tions, instead of starting with EXPER. 1In either case, developmental

costs are invelved, which must be considered here. Nevertheless,

because it makes use of existing componencs, this facility does no$

'
bl

require the acquisition of large expensive units. It thus provides a
relatively inexpensive way oflintroducing a simple form of CAI,~ which
permits to evaiuate its pofential. . .

The Computer Sexvices branch operates as a profit cenfre anﬁ‘the
resources that it places at the disnosal of the other divisions must be>>
' accounted for since they could be used in other prpfitable areas. The
figures used for costing the planned CAL facility must therefore be

)

based on fully_allocated costs. -

The calculation of the.costs of theVCAL fécility, such ae production -

.

' an&Ndistribution are facilitated by the fact that ’fullf—allocated—coets'
tables have been designed, incorporating all the aspects ef the operatioh
such 4s maintenance, ownership, depreciation and oberéfion: ‘It is there-
fore necessary only to ebnvert activities such as inserucpional develop-
ment and training opdérations to a nnmber of transactions. .Those figures

Vo \ ) . b
will then include the cost of additiomal CRT's required, as well as costs

such as those required for the maintenance of hardware and software.

Acquisition. Costs

The costs resulting from acquisiton activities fall under the

- jurisdiction of thé Computer Services Branch, which will internally charge

.

- -
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requirements. TRis is an extensive undertaking estimated t
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-

~them back to the training organization. They are mostly One-Time costs.

occurring during bbe.imblementation stage.
. - 3
There ls first 5 cost for'a study to be conducted'by the Compuier
Braneh to ascertain tHe feasibility of the project, selebt‘the best
alternative, and_deéign the implementation plan. The study is per;
formed'only if a preliminary research, such as this one, indicates

that there is sufflcient ground to believe it to be worth undertaking,

because it is an expensive stage involving a research’ group including

~
.

a project leader and.systems analysts interfacing with users and managers

who have a stake in the project. A study of this maghitude is estimated
‘ ’ ) '
to use up three man-months for an equivalent expenditure of $1C,00Q.

Second, there are only minor medifications to the existing net- -

“work and the cost of additional CRT sets is imcluded in the fully allo~

cated costs. Despite the fact that additional storage is also included

In these figures, it is consldere¢d necessary, oending.completion of k

- the Computer Services Branch study, to include a contingency amount of

$10 000 under the heading of hardware,.as a rough approximatlon based
on the description of the anticipated facility usage.
"Third, software-related expenses will include the cost of the

progfamming required to make the existing CAI language compa

e K

the planned network,'énd to incorporate all the featuras requir

.

man-yeafs a: programming. Since the salary scales for programmers and



instructional developers are similar, this can be translated into an
initial cost of $52,992.

Furthermore, the Computer Services Branch will assign manpower

for systems management, techuical maintenande and assistance to the

Curriculum Development,staff as long as the facilicy remains operational

The manpower provided. for these functions will be equivalent to one.

man-year for each of the first two years, reduced to nine man-mbotﬁs in
- : 1
the third, and six man-months thereafter, these figures being gubject to

change on the oasis of a continual monitoring of the operaﬁiont-

The expenses for the acquisition of the facility are thus made.up
of a one=time cost of $72,99% prior to the cutover date, followed by
recurring costs decreasing over the years from $26,496 to $13,248.

- 41 A ] . .

i

e

Program Development Costs

-

Initial training of the {nstructional development team. Instructers

selected form among the training organization for their knowledge and
experience in axeas such as Programmed Instruction will receive the
training required to qualify them as lesson-writers. To obtain a wider

scope of experience within this small group, their preparation will be

diversified. One team member will attend a specialized two—week course
on Computer Assioted Instruction sttems. The other two will each soend
one ‘week with a different airline already using CAL, and then attend
either a2 one-term univérsity level evenioé course (for which they will
receive equivalent time off of ooe week) , or a one-week course for CAL

lesson writers.
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The various experiences ¢f these three team members will then *

be integrated through attendance at a workshop conducted by one instruc-

tor of the Camputer Servic¢s Branch, so that they can form an effective

work unit.
The expenses, which are expected to amount to $9,650, will cover

the tuition fees ($2,000), ten man-weeks of instructor time ($5,760)

1

and forty two days of travelling expenses {($1,890).
There is no need for recurring expenses in this area because:

(1) imstructors from outside the CAI unit are phased in for

fam;liarization, as part of their regular career development on &
yearly basis, and will provide a pool of poténtial candidate5<for the
—aéée;opment.team in cases of transfers, retirement and program expansion.
ihis fépreseﬂts an extension of their professional activities, but not

a new.expense.
y
. ' | .
{¢) instructional development team members maintain their com—

petency through instructor seminars and similar activities at the pre-
- .

sent time: They will continue to do so in their new grea. . This does
- < ¢ ¥
not represent an added cost, .
t

- «

I

Instructional development time (manpower): An initial production

schedule 1is planned on thé basis of:

(1) -a three-member instructional development team, ’

{¢) a 157 rate .of maintenanc didactic materials,

“(3) a 90% éngineering learning turye coefficient, levelling off when

i

the ratjo of ‘preparation to presentation reaches 40:l.
. - -

I



v

116

In order to maximize the beﬁgfits, the courses are ranked in terms
of potential yearly savings by CAIL hour produced. Thus, courseil.l,
for wiich 39 hours of CAI have to be prepared, can-provide a‘benefit
of $88?312 for each full‘year of utilization and receives an index of
2264 (88312 = 39). Detaiis of this ranking are shown in Tabie 8. of
particular inpérest is course 1.5 whicﬁ results in considerable savings
with a negligible amount of production time, once courses 1.1 through
1.4 have been-dcveloped since it is-madc up of modules developed for

these courses.

.

The pygﬁucpion of the courses is then sequenced in terms of decrea-
sing indexes. (A total production time is calculated for the cumulative
amount of CAI hour-units to be developed. The total production time is
then hivided by 5540, corresponding to‘the hours of produc%ion in one
vear, in order to determine the time elapsed,and the availability of
the courses during their year of production. Thus, course 1.1, requiring
2,681.7 hours of production, or 48.587 of the  first development Yyear,
will be avéilabic 51.427 of that first year. This last figure is a key
clement bécause it allows to dctcrmin; tHe éxact amount of benefits,

as well as of transaction costs during the year of' production.

Thc.coméléte production schedule is éhown in Table 9. Besides the
course units, it also‘indicates at the end of each year, except the
first, an update production period to maintain the programs available
at the close of the prévious year in 0pera;ibnal conhition. This
amounts to 157 of rcspectively 91.4 (intcrpolat?d), 195 and 314.5 hours.

¥
The production schedule reflects two deviations from the Index

rankihg: ] '
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TABLE 8

RANKING OF COURSES IN TERMS OF RELATIVE POTENTIAL BENEFITS
i

Course ~ Unduplicated Yeariy Benefit Ranking
ident. L hours beﬁef%ts index order
1.1 . .39 $88,312 2264 , 2
1.2 26 45,900 1765 3

N | _
1.3 26 31,631 ‘1217 4
1.4 ’ 52 45,295 871 - 7
1.5 0 . 163,299 - 1
2.1 , 13 ‘ 2,920 225 14
2.2 19.5 12,474 640 8
: - 3
3.1 © 48 27,934 582 : 10
3.2 _ 7.5 &,641 619 9
3.3 . 16.5 7,180 435 11
3.4 : 24 6,073 253 13
4.1 : 52 52,956 1018 6
4.2 52 55,928 1076 5

4.3 . 58.5 22,161 - "+ 379 ) 12




INITIAL PRODUCTION SCHEDULE FOR THE FIRST

TABLE 9

ALTERNATIVE (RESERVEC/EXPER)
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Course Course Cumu}ative Production. Availability
1ldent. hours hours hours of course

1.1- 39 39 2,681.7 51.42% of 1st year
1.2 26 65 4,135.5 25.08% of lst year
1.3 26 91 5,501.1 0.34% of lst year
1.4 52 S 143 8,070.7 53.797% of'an year
4.2 52 195 10,498.4 9.81% of Znd year
Update (13.7) 208.7 11,120.9 -

'4.1 52 260.7 13,429.9 56.70% of 3rd year
2.2 ©19.5 280.2 14,276.9 41.362 of 3rd year
3.1 48 328.2° 16,325.4 4.25% of 3rd year
Update (29.3) 357.5 17,553.3 -

3.2 7.5 365 17,865.1 76.36% of 4th year
3.3 16.5 381,5 18,547.6' 63.99% of 4th year
4.3 58.5 440 20,932.6 20.797% of 4th year
3.4 24 bbb 21,897.4 3.317 of 4th year
Update (47.2) 511.2 23,771.8 -

2.1 13 5242 24,283.4. 60.087 of 5th year
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(1) Course 1.5 has the highest index, but is made up of modules
extracted from the other courses in the Passedger Service series (1.1
to 1.4). These are then produced first, in order of decreasing in-

dexes.

.(2) Course 3.1 is produced before course 3.2, although the latter has

a higher index, becausé this combination results in increased savings
of $5046 by allowing a shift in an intervening update production'é;riod.
On the b;si; of this production schedu}e indicating Ehat it will
take 4.4 years to convert the 434 hours of the curriculum to CAI metho-
dology, the cost of the Instructional Development three-man team will
amount tc $79,488 in the first four years and $37,094 in the fifth.

-

Instructional development - transaction costs. The number of

transactions necessitated by the development of instructional courses
L]

will depend on the individual inputting and editing the materials on-
line. His ﬁroficiency will increase with experience, not only for the

initial input, but for the validation process with groups of trainees.
3 ' . .

The number of -transactions may roughly be seen as a function of

the CAI hours developed (new courses ag well as update of existing

-

courses). Besides the initial input the developer will use transactions

1

.Ln‘bhe course of checking, listing, debugging and validation of the
program. The author's past experimentation with typical CAI programs

. ~ . .
indicated that the developer uses approximately twelve times the number

of transactions available in the lesson during the development stage.

The fully allocated cost of a transaction, compiled ‘by the Computer

»
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Services Branch is $0.0Z2, made up of:

- data processing $.0087 |
- network controller .0023

- ﬁaZa network ’ ’ 0060

- man machine interface .6650 : &

Because the lessons average <24 transactions an hour éeither ter-
minal to Central Pfocessing Unit; or vice vérsa) the cost of the trans-
actions required for their development:will add up to $59.14, a figure
which, appiied against the production schedule, will provide the‘yearly
expensé. Thus, during the first year 91.37 hours of CAI materials will .

havé been produced for a transactions cost of $5,403.

Training Operation Costs

3

- Although instructors, who are not directly invalved with the initial
.Stages of the CAI facility, will have t§ be f;miliarized with it§ impact
. on their activities, this will not result in an added cost chargeable to v

this projgct, since the progressive improvement of the instructor work-
force is part of the current method of opefgtion. The novelty will be
2 change in the supject content, and not an additional activity.

The cost of the training operation will result mainly from the use
by trainees of the CAI facility and will increase with the volume of
transactions.

The number of transactions uséd over a certain period depends on
three factors: (a) the course units available, or mofe.precisely.the

number of student course hours (S.C.H.) available corresponding to these

-
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coﬁrSes. This information is embodied in- the producticn schedule; (b)
the number of trainees in the various classifications, who are scheduled
to take theses course units in each period. This informatioﬁ results
from the combinaéion of the "pattern of training" table with the turn-
over-ratio, which has been used to derive the potential benefits, (c)
the average number of transa;tions ;er student contact hour, determined
previously as 224, for a corresponding cost of $4.93.

The number of student contact hours corresponding to a full yeaf

of availability is summarized in Table B (see Appendix) which combines

the potential number of trainees derived from the benefit analysis, with

the actual duration-of the initial and follow-up cOUTrses. These latter
are broken down as separate entries whenever the duration of courses 1is
not similar for all types of stations. The figures for these student
contact hours multiplied by the hourly cost of $4.93 provide the. tran-
saction cost resulting from student use of an available course guring

a complete year of operation.

Optimization

The production schedule may now be refined by taking more factors
into consideration. Whereas, in-the initial iteration, only the number
of course hours to be produced‘;nd the poteﬁtial benefits were considered;
the training operation costs resulting from the trainees’ transactioné
and the initial development costs ca; now be inserted into the.calcula—

tions.

The initial production schedule revealed that it would take 24,283

e
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production hours te develop 5i&4.2 hours qf cAIl, that is an average raﬁio
of-46.32:l which multiplied by an hourly salary of $14.40 for an imstruc-
tiénal developer corresponds to $667.08. To this must be added $59.14
for the cost of the transactiéns used during the development process,
i.e. a total of $726.22 for each hour;df produced CAI.J This 1is an
average figure for comparative purposes only, since it takes ints consi-
Qeration nelither thg'sequence of production, nor the update periods.

The net benefit obtained by subtracting the operation transaétion
costs from the potential benefité, on a full year basis, may be related
to the.recovery of: other costs. This differential can be divided into
\the initial proddction cost of the course to obtain a relatiﬁe.index of
profitability. Thus course 1.1 with a net vyearly benefit of 539,625 and -

_an initial production cost of $28,322 has an index of 0.72, meaning that
it takes 72% of the first year of operation to recoﬁer the cost of ini-
tial production. Table 10 summariees the calculati;ns'for the various
courses.

This index does not indicate whether the production of courses 1s
cost—iustified but it pinpoints which courses should not be considered
because they cannot be expected to reach a'br;ékeven point within the
period of the experiment, even when we consider only a ‘fraction of the
cost facto;s. If they cannot:cove;'the cost of thelr own development,
they cannot contribute to a reductioé of the initial implementation costs.

Thus the follow-up to certain courses (such:as 1.1 through l.4, 3.2,

3.3) should not be done by means of CAL on economic_grounds because

under the present assumptions this method results in higher costs: The

i
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RATIOS OF PRODUCTION COSTS TO NET YEARLY BENEFITS

FOR THE FIRST ALTERNATIVE

CAL

Net Initial -

Course hours yearly‘ ‘production cost/benéfit
ident. praduced benefit ' costs ratio

1.1 39 $39,265 $28,322 0.72:1

1.2 . 26 9,020 18,882 2.09

1.3 26 12,576 18,88z 1.50

1.4 52 9,071 37,763 4,16
F1l.l-4 - (~41,708) minimal . -

1.5 - 2,853 " -
"F1.5 - 123,622 " -

4.2 52 35,274 37,763 1.07
‘4.1' 52 32,302 37,763 1.17
Fb.1-2 - 1,278 minimal ~

2.2 19.5 '1,429 ‘14,161 .91 -

3.1 48 6,417 34,858 5.43

3.2 7.5 2,819 5,447 1.93
F3.2 - {-437) minimai -

3.3 16.5 3,716 11,982 3.22
F3.3. - (=437 %inimal -

4.3 58.5 2,899 42,483 14.65 -

3.4 24 1,015 - 17,429 17,17

.1 13 229 9,441 41.23
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cpst of the trainee trarsactions alone 1s greater than the expected4
saﬁings.

Because course 1.5 is made.up of modules developed.for othef courses
it is possible (and even necessary) to ipclude coupse 1.4 in the prpduc—
tion schedule despite its relatively high index of 4.16_: The combined;
figures for courses 1.1 through 1.5, without foilow-up training, Tresult
in a very'attractivewrétio of 0.49. _A revised proeuctibn schedule (see
Table 11) is drawn with minorrehanges in sequence and truncated after the
developﬁenplof severn courses. f

On the basis of this repised prdduction schedule .we can recalculate:
(1) The accumulation of financial benefitS'reSultiné from a swipch to the
CAI methodology over the éurétion of the experimental phase. The poten-—
tial savings for each individual course;‘calculated earlier, are repeated .
for each year after the year of production. In the case.of course 1.5,
they are increased yearly at a compounded rate of 10 percent correspondiné
to the expected growth of the target population. During the year of .
production the yearly benefits are prorated on tﬁe basis of a coefficient
representing the percentage of availability of the fully developed course

during that year, shown in the right-hand colupn of the production sche-
dule (Table 12). ‘

(2)‘ The progressive accumuletion‘of,costs resulting from the use of
transactions by the traineeshéor each course which beccmes available.
Here also the-increasing target population for course 1.5 and its follow-

up is reflected in a correSponding'increaSE in.transaction costs, while

the figure used for the year of production is also based on the same

I
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REVISED PRODUCTION SCHEDULE FOR THE FIRST ALTERNATIVE

f

Course Course Cumulative Pgoduction‘ Availability .
ident. ﬁours hours hours .0f course

1.1 39 39 2,681, '51.427% of 1lst year
1.3 26 65 4,135. 25.08 " |
1.2 26 91 5,501. 0,34; oo

1.4 52 143 8,0%0. 53.797% of éqd }ear'
4.2 52 195 - 10,498, 9.81 " i
Update (13.7) 208.7 11,120, -

4.1 52 260.7 13,429. 56.70% of 3rd year
3.2 7.5 268.2 13,769. 50.55 "

Update (29.3) 297.5. 15,021.. -
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' . TABLE 12
f;NANCIAL BENEFITS FOR THE FIRST ALTERNATIVE
Coursge YEAR
ident. 1 2 3 " 5
(1979) -
‘ X
1.1 $45,410 , 88,312
1.3 7,933 31,631 . - )
1.2 156 45,900 e
SUB 53,499 165,843 165,843 165,843 165,843
N 24,364 45,295
1.5 43,803 7,778 8,556 9,411
F1.5 92,819  189.314 208,796 229,675
‘ 4.2 5,486 55,927 | _
. SUB 126,472 298,815 318,575 340,309 . #
h . - N
4.1 30,026 © 52,956 P
F4.1-2 7,896 13,926
3.2 2,035 4,025
SUB 39,957 70;907 70,907
IOT%iS _ ~ | i; . .
CYEARLY 53,499 292,315 504,615 555,325 77,059
; ;
AN

)
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‘ ) . -
coefficient showing the availability of the course during that year
(Table 13).
(3) The program development costs in terms both of manpower, reflecting
a‘decregse after the courses have béén developed and need only to be up-
dated,Xand of tranmsactions required to develop and maintain tﬂese courses

(Table 14). ‘ . ©o

The“variops elements calculated in this chapter for the Reservec/Expé:
alternative can be brought tegether into a table (Table 15) summarizing

the cash flow over the duration of the initial five year experimental

pgriod. _ . - -—

Financial Evaluation of Alternative I;

A cost-reduction type of project, such as the introduction of a CAL
facility, must be evaluated over a useful and reasonable 1life-span which
recognizes the time-value of money. Both benefits and costs flowing ffom

any.alternative version of this project have a time profile which must be

r -

considered té determine whethér a particular investment should be under-
taken, and to select which one would be the most profitable.
Discounted cash-flow and breseut—value techniques consider future

flows of net benefits derivihg from an investment and discount the entire °

-

stream of benefits by a suitable interest rate to determine its current

value, thus providing a number which an be used as an index for comparison

purposes (Dewhurst, 1972; Mishan, 1971).
-~
One of these, the Net Present Value (NPV) method demonstrates whether

the investment has sufficient recurring benefits to satisfy some minimum
. T o
profitability 1e3§1. Here each annual cash flow, represented by its dual

T

2\

Y
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. TRAINEE TRANSACTION COSTS FOR THE FIRST ALTERNATIVE

k v ' 7
-
K

ety

.Course YEAR
ident . 1 2 3 4 5
(1979) - )
1.1 25,220 49,047 -
1.3 4,779 19,055
1.2 125 35,880
SUB 30,124 104,982 104,982 104,982 104,982
1.4 19,485 36,224
i.52 21,788 44,557 49,013 53,914 .
4.2 2,046 20,654 4
— y
SUB 43,299 101,435 105,891 110,792 s
6.1 . 11,711 20,654 :
F4.1-2 v 7,171 12,648
3.2 610 1,206
SUB . 19,492 34,508 34,508 .y
TOTALS. 30,124 148,281 225,909 245,381 25Q,282

aIncluding Fbllow—up {F1.5)-
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TABLE 14

PROGRAM DEVELOPMENT COSTS FOR THE FIRS% ALTERNATIVE

129

Developmént: ' YEAR

costs . 1 2 3 4 5

Manpower $79,488 79,488 57,327, 22,484 21,989

Transacttons 5,403 6,833 5,357 2,258 23258

Totals 8,891 . 86,321 62,684  24,742° 24,247
s
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TABLE 15
CASH FLOW FOR THE FIRST ALTERNATIVE
Financial_ > | YEAR
data PRE 1 . L2 3 4 5
COSTS:

Acquiéﬁf&on $72;992 26,496 26,496 19,872 13,248. 13,248

Prog. Dev. 9,650 84,891 86,321 62,684 24,742 24,207
Trng. Oper. - 30,124 148,281 225,909 245,381 250,282
Total 82,642 141,511 261,098 308,465 283,371 287,777
BENEFITS 53.499° 292,315 504,615 555,325 577,059

(CASH FLOW . -82,642 —35,012 31,217 196,150 271,956, 289,282

)
-

Ly

LTt
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TABLE 16
COST/BENEFIT ANALYSIS (§$7000) FOR THE FIRST
ALTERNATIVE EﬁESERVEC/EXPER)
Cash 07 Rate 15% Interest Rate
Calenéar flow =
\ . year ‘ timing Amount Factor Present
value
3 @
‘ COSTS :
b 1978 \ 0, 82.6 1,000 82.6
‘Total ~82.6
CASH FLOWS:
1979 SRR -88.0 870 -76.6
1980 ) w2 L756 23.6
1981 s 3. . 1.2 .68 129.1
\\\\\\ = 1982 4 -i: 272.0 572 155.6- ‘ﬂ
' 1983 s 289.3 497, 143.8
Total ) 375.5 -
, NET PRESENT VALUE $292,900
< " INTERNAL RATE OF RETURN 57%
PAYBACK PERIOD .. 2.71 years
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elements of costs and of benefits, is discpuntéﬁ by means of a present
value factor table to af;ive at a NPV by simple summation of the negative
and positive flows. The rate used by the‘Corporation for evaluation of
this type of project is 15%Z: The fiﬁal figure of $292,900 indicates that
the investment meets thé profitability requirement. |
The;Intérnal Rate of Return (TROR) méthod measurés the relative

profitability lével of one-time cost investments generating cash flow
recurring,beﬁefits and converts this into an index which makes the diffe-
rence quite visible to management. It examines the cash flows for the

entire economic life of the investment and discounts them at a rate suffi-

.clent to equate the recurring benefits to‘tﬁe One Time'Costs. The project

is said to.héve an IROR equal to that.discount interest rate, hefe 57%.
To provide a measure of the liquidity of the project, that is of the
risk associated with time, the pay back period, defined as the number of
years of casﬁ flow benefits required to récompensate the One-Time Costs
of the investment,is calculated at 2.71. This alternativ;, therefore,
meets all the criteria of econcmic evaluations set by the sponsoring or-

ganization.

The Second Alternative: Reservec/ASET .

;

Déscrigtion

The second alternétivg makes use of the existing Reserved system and
of .a rented software package, the Sperry Univac ASET-1100, for Education

and Training purposes, thus combining the availability of a suitable

1
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geographical network with the advanced capabilities of a sophisticated
software.

The ASET language as described in its technical manual ﬁeets not only
The basic requirements listed in the previous.chapters as Catégory_l, (and
this to a much higher degree than ;he EXPER system) but includes the quasi
totality of' the requirements 1isted for the future and advanced stages.

The features expected to have the major impact om the operation are:

1. The Conversational Lesson Development Module providing the Instruc=
tional Developer with the capability to build simple lessons without con-—
cefn about the Author Language Syntax, which has Fhe,potential of reducing
the production time. It is expected that the acceleration of production
would be minimal, but that this feature would contribute highly to impro-
vement in quality and consistency of presentation.

) 2. The availabilit& of a calculator and the generation of random num—
bers would provide great flexibility in areas where calculations are key
points of the subject matter such as fare calculations, cargo rating and
weight and balance. Test items could be evaluated on their numefical con-
tents, and exerq&;ps could be designed as frameworks to be used with ran-
dom numbers falling within specified limits. 1Im both the "testing” and
"dyill and practice"” modes of ‘computer use, the production time required
for one “student contact hour' could b€ reduced, thus speeding up the
devéIOpmént schedule, which in turm wou}d make course units available
earlier.

3. The Suppprt system, and especlally its Report Generation and %ts

Registration \wodyles, will result in added benefits to the tralning orga-—

nization through reduction of the time and manpower required to maintain
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the training records of the workforce up-to-date.

v

) Acduisition Costs

As in the previous alternative, and fo; the same reasods, we include
in the acduiﬁitiou expenses éu-ambunt of $10,000 for hardware. The
installation costs are €ery limi;ed. The ASET requirements call for a
minimum hardware configuration of a Uﬁivad 1106 with 131 K, a card reader,
a printer, a~tap;(drive, di;c/drums and a terminal cﬁmmunications sub-
system. The ReserQec system with its Univac 1110 exceeds these require-
ménts. The Raytheon or Westinghouse models 401-405 CRT units may be used
instead of the Uniscope 100 or 200 Display terminals of 24 lines of 64 or
80 characters,‘which arelstandard equipment with the Sperry Univac ASET
gsystem. The Regérvec System Operating Software is compatible with the |
simultaneous use of ASET.

Because the software package includes the features listed under
specifications of minimum requirements the programming modifications are
relatively minor and-are conservatively estimated not to exceed six man-
months prior to implementation, at a cost of $13,248. Furthermore, the
manpower assigned to tﬁe instructionai development staff 1s set at its
minimum level of six man-months per year (13 '248), and this, from the very
first year of operation.

On the other hand, the rental cost of the ASET package wh}cﬁ includes
full maintena;ce and improvement updates represents a ;ecurriﬁé expense

of $§,800 a year. The acquisition costs of the faciliﬂ& are then made

up of One Time Costs of $33,248, and of recurring costs of $18,048 per

year.
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"Program Development Costs

~

Initial training of development team. The training of the instrué—

' tional development team will not deviate sign%ficantly from the pattern

used fo; the first altérnative: specialiéed courses and work with other
airlines, followed by an internal workshop to prepare under the guldance
of the Computer Services branch, for the implementation of the CAL faci-

lity.

SR

T

Instructional development. A new production schedule is prepared,

based on the same assumptions as the previous one, but- with a reduction
of 507 in the time required to produce 1 hour of CAI materials in fhe
"testiﬁg" and "dril% and practice " modes. Thus, course 1.l made up of
30 hours “tutorial, 5 hours "drill and practice” and 4 hours "testing",
reqﬁired-39,h0urs under the firét.alternativgv(ﬁeservec/EXPER); but
requires only 34.5 hours in the speeded-up schedule fof the Reservec/ASET
alternative.‘

To make available to the trainees the 434 hours of instruction're—
tained as technically suitable for conversion to computer assisted instruc-
tion, it was necessary in the first altermative to prdduce the équivalent
of 524.2 CAI hours, made up of the targeted 434 plus 90.2 hours required
for the intervening maintenance of those materials.

With - the possibility df accelerating the proéuction of certain
segments of those courses the same amount of materials can be created by
the wofkloaddequivalent to the production of 439.15 hours, ‘including 86.4 ~
hours for the intervening maintenance of materials. ' The corresponding
production time in this second alternative‘totais up to 20,898 hours.

The manpower cost of production of ome hour of CAIL under these circum -
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stances is $685.26, to which must be ad@gd-$59.l4‘representing‘the cost
I .

. N

of the transaccibes used during the devéiopmeﬂt process.

This total of $744.40 can be used tosestablish L?e production costs
for each course in the curriéulum.' When these pfoducﬁion césts are com-
pared to the net yearly trainee trans;qé;on costs, tﬁéy will provide a

coefficient which can be used for: (a) sequénging the production in. ’

terms of increasing ratios, and (b) truncating the production schedule

' * ' . ¥ ) . .
when the courses cannot be expecteéd to produce an excess of benefits over

- N . .
variable costs during the experimental periocd. Table 17 indicates that
9 out of 13 courses may have their Initial progucfion costs recovered

within a 5-year period. L )
L] : < h

The production of the courses is prioritized on the basis of increa-

-sing values of the ratio . relating the initial production' costs to the.net

yearly benefits (Table 183. For optimization purposes we introduce the

following deviations to the sequence: The coursesin the Passenger Ser- :

vice series (1.1 to 1.4) are produced first despite the 3.45 index of
course 1.4, becausé their coméletion permité‘lhe operation of courses 1.5
and Fl.5, resulting in higher ovérall benefits since the combination in-
dex for courses 1.1 to 1.5 inclusive is a low 0:46. .

The production schedule is téuncated after course 3.3 is completed,
so that' course 3.1 is not produced for the computer based facility. Since
it.takgs approximately 4.9 years of use to recover the production costs
of this latter course, it would h;ve to be completed within the first

month of the start of the project to be cost-justifiable during the

economic life of five years. As it 1s not scheduled for production until

143,
.
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RATIOS OF PRODUCTION COSTS TO NET YEARLY

* BENEFITS FOR THE SECQND ALTERNATIVE

T
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Course : CAI hours Net yearly Injtial Coat/Benefit
ideat. _ producéd benefits production ratio
'Q ' cost

1.1 34.5 . $39,265 © $25,682 0.65
1.2 ‘23 9,020 17,121 1.90
1.3 21 12,576 15,632 1.24
1.4 .42 9,071 31,265 3.45
2.1 13 229 9,677 42.26
2.2 19 1,429 14,144 9.90
3.1 4.5 6,417 31,637 4.93.
3.2 '5.25 2,819 3,908 1.39
3.3 . 11.75 3,716 8,747 2.35
3.4 19 1,015 14,144 13.93
4.1 46.75 32,302 ' 34,801 1.08
4.2 ¢ 36.5 '35,274 ,_d/”"“*27 171 0.73
4.3 38.5 ,2{332/,), 24??59 9.89
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. .  TABLE 18
PRODUCTION SCHEDULE FOR THE SECOND - : =
" ALTERNATIVE (RESERVEC/ASET). J
N\
Course Course Cumulative Production Availability
ident. hours . hdurs ” hours ‘
1.1 36.5 0 36,5 » . 2,416.8  56.22% of 1st year
1.3 21 555 . 3,616.9 34.48
' . 1.2 23 | 78.5 . = 4,853.2 12.08 ",
‘ { . ‘(%L . ‘ ' ) ' .
1.4 42 120.5° ° 6,979.9 73.55 of 2nd year
“ 4.2 36.5 157.0 . - 8,735.9 41.74 "
Update (13.7) 170.7 9,378.2 -
4.1 46.75 217.45 11,514.9 91.40 of 3rd year
3.2 5.25 222.7 11,750.2 87.13 "
3.3 11.75 234,45 12,273.9 77.65 . . "
I ' .
: Update (29. ) 263.45 . ©13,549.9 -
» ;(
% _ir
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the third year, its inclusion would reduce the profitability of the CAL unit.-
'f Course 3;3 on the other hand meets the cost—justificaﬁion reéuiremeﬁts.
its produ;tion cost based on the initial production schedﬁle covefing all
courses’ had been ciéculated at $8,747. With the revis;d schedule, the
actual production time for this course is 524 hours, corresponding to $7,546
for manpower and $695 for transaction costs, reducing the total to $8,241,

a figure which compares favorably to the saving of $10,402 obtained by
multiplying the net yearly benefit $3, 715 by the 2.8 years during which
the.cour§e is available in the egﬁézimen;al period. |

’

Financlal Summary

The production schedule allows the calculation of: (a) the accumulation

of financial benefits over the experimental period, (b) the progressive accu-

mulation of costs resulting from the transactions generated by the trainees,

-and (c) the program development costs in terms of manpower and transactions.

These results, which are displayed respectively in Tables 19 to 21, can be

merged with the acquisition.costs_into Table 22; summarizing the financial

_evaluation by means of discounted cash. flows for this project over 1ts five

year economic life: The final outcome indicates that this alternative also

meets the profitability requirements of the sponsoring corporationm.

The Third Alternative: PLATO System

Description

At the most advanced end of the spectrum of possibilities, the third

alternative involves the use of a dedicated computer—based educationél
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.
7

FINANCIAL BENEFITS FOR THE SECOND ALTERNATIVE

Course ' YEAR
ident. 1 2 3 4 5
(1979)
1.1 $49,649 88,312
1.3 10,906 31,631 .
1.2 5,545 45,900
SUB 66,100 165,843 165,843 165,843 165,843
1.4 33,314 45,295
1.5 5,201 7,778 8,556 9,411
F1.5 126,917 189,814 . 508,796 229,675
4.2 23,344 ' 55,927
SUB 188,776 298,815 318,575 340,309
4.1 48,402 52,956
F4.1-2 12,728 13,926
3.22 3,507 4,025
3.3% " 5,098 6,565
SUB 69,735 77,472 77,472
TOTAL 66,100 354,619 534,393 561,890 583,624

3excluding follow-up
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TABLE 20
TRAINEE TRANSACTION.COSTS FOR THE SECOND ALTERNATIVE
Course ° a ’ " YEAR
ident. - - 1 - . 3 4 ) 5
| (1979) 3
‘ﬂ
1.1 $27,574" 49,047 ‘ . \
1.3 " 6,570 . 19,055 ¢ ‘ L
T 1.2 4,455 36,880 \
SUB 38,599 104,982 104,982 104,982 1!4,982
1.4 " 26,643 36,224
‘1.5 2,892 4,325 4,758 5,234
F1.5 . - o 26,900 40,232 44,255 48,680
4.2 8,621 20,654,
SUB : 65,056 101,435 105,891 .. 114,792 ’
4.1 7 . o . 18,878 20,654
F4.1-2 ‘ 111,560 12,648 :
L - -
3.2 : . 1,051 1,206
3.32 : ' 2,212 2,849
svs . 33,701 37,357 137,357
Totals 38,599 170,038 240,118 248,230 253,131
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) TABLE 21
"'PROGRAM DEVELOPMENT COSTS FOR THE SECOND ATTERNATIVE
Devglopment ) YEAR
costs .1 2 3 4 5
Manpower 379,488 79,488 36,143 19,502 ‘19,073
Transactions 5,403 6,833 3,344 1,958 1,958
86,321 39,487 21,460 21,031

Totals / » 84, 891

=4
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Payback periocd

143
TABLE 22
CASH FLOW AND COST BENEFIT ANALYSIS FOR ;
THE SECOND ALTERNATIVE (RESERVEC/ASET) .
Yearly
" . YEAR
financial
data PRE 1 2 - 3 4 5
COSTS
Acquisition $32,248 18,048 18,048 18,048 18,048 18,048
Program devel. 9,650 84,891  86,3z1 39,487 21,460 21,031
Training Oper.’ 38,599 170,038 240,118 248,230 253,131
' Total " 4,898 141,538 274,407 297,653 287,738 292,210
' ]
BENEFITS 66,100 354,619 534,393 561,890 583,624
CASH FLOW -75,438 80,21z 236,740 274,152 291,414
Rounded (S$'000)(-42.9)  -75.4 80.2 '236.7 274.2 291.4
Discounted 15% -65.6 60.6 155.7  156.8 144.8
+ , :
NET PRESENT VALUE $409,400
Internal Rate of Return 967
2.16 years
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delivery system: Control Data PLAIOlcoﬁbining a CDC CYBER 70 or 170
Serie; Computer with plasma display terminals, a compatible communications
network and a fast response time-sharing operating system.

.Both the hardware and software are extremely advanced and go well -
beyond our future requirements, with features such as the touéh—seﬁéitive
plasma display screen, a vast library of curricular materials available
to the subscribers, forms of interac;ive communications, instructicnal
evaluations and prescriptions, generation and maintenance of records, and
exténsive graphié caphbilities.

Besides being an easy system on which to author higg—quality course-
ware with dynamic and graphic capabilities, the PLATO system has the key ’
advantage, through its extensive’ linkages, of being a form of courseware
exchange whereby training packages can be bought, sold, or exchanged between
organizations with similar needs. If the proper training materials
are already in the inventory, the system provides the means of speeding
up the Implementation schedule.. if they are not, the new.subscriberamay
find that the incentive provided by the possibility of selling his pro-
duction and recouping some of his costs, may result in the development of
-materials of hi%her quality. This feature 1s particularly valuable
where the material is stable and of general interest, such as the mainte-
nance of airc%aft engiAes,_or basic principles of flight ope?ations. In
the case of Transportation Services training, however, the majoritj of the

courses deal with' procedures which are particular to the airline and have

¢

therefore less appeal for the other subscribers. -

The Plato System can be tailored in several ways to meet the needs
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of the customer organization: A dedicated training system could be
created within the afrlin%rfor its excluslve purpose. Another method
would make use of the éxistingi:;mmunications network. The configuration
¢onsidered here, however, involves clusters of stations connected to a
computer-centre éity, such as Quebec Q}ty. These stations would be lin-
ked by diai—up telephones at cities listed as telecomnunications FOB

points (e.g. Montreal), or by communications lines to be installed for

that purpose (e.g. Fredericton).

Cost Coﬁpafison *

The cost pattern of this facility differs from that of the alterna-
tives already described in that the acquisition of the terminal (purchase
or rental) and of-the communicat;ons links is fully chargeable to this
project sinée ch;_network!installed is‘dedicated to training. On the
other hand, the cost of the trainee transactions is included in the pur-
chase or rental price. .

The benefits to be derived from the inmstallation of a terminal at

. a specific location can be determined by using the same meﬁhods as for the

other alternatives. The-savings realized should cover the cost of all the

elements of the facility, not only the installation of the network but

" also the amounts chargeable to the initial study, the program development

etc. If they do not, the project 1s not cost-justified and should not
be undertakén.

s
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The potential savings to be realized from the installation of the

L

educational network can be calcuiaced as follows for the four different.

types of statioms:

1. Major statioms. The number of trainees listed under each stagdon -

{ncludes airline employees based at these locations and travel agents
scattered over a wide area and receiving thelr training on their employ—
er's premlses. For obvious etonomic reasons the installation of terminals
would be restricted to alrline 1ocatiOns so that the potential target
'population must exclude the participation of travel agents and be limited.
to 1.082, 791 and 327 personnel'at Toronto, Montreal and Vancouver.
bespiﬁe the availability of the facility every day of the year, it
is unlikely that training would be scpeduled for other than weekdays;
The elimination of statutory vacatiens and peak holiday periods limits
the expected use\ro approximately 230 days a year. Although it is possi-
ble to schedule tripinees up to‘16 hours a day, a more realistic expecta-
tion is to consider that operational requirements will limit the use of the
facility to ten hours a day with an utilizatioc coefficient of 80Z, thus
making it available for eight hours of tce'230 dcys, or a yearly total
of 1,840 hours. ’ .
Because the student contact hours needs at Torento, Montreal and
Vancouver are 18,149, 13,762, and 5,345 hours each year these stations will
require respectively 10, 8, and 3 uﬁics. The benefits resulting from the
availability of the CAL facility at these locationé is calculated at

$91,665, a relatively small amount because the only area of saving is the

{nstructor classroom time.
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2. Large stations. In Canada, five stations with personnel ranging

from 188 to 155 are included in ;his category. The yearly saviugs‘resul—
ting from the avaiﬁahiligz?gfkcomputer assisted learning amounﬁ_to |
$116,557 while the requirements for student contact hours range from
~2,342.2 to 3,216.7 hours. The use of the criteria for potential usage
selected for the major statioms (1840 hours a year) indicates a need

for two terminals at each station. These figures translate Into an

equivalent saving of $971 a month for each installed terminal.

3. Medium sized stations. Regina, the largest Canadian station in
this category, has a yearly requirement of 1,053.4 SQu&ent contact hour;.
One-terminal unit is therefore amply sufficient to meet its needs since
its daily utilization would range from 2.89 to 4.58 hours depending on
whether it is spread over 364 or 230 days. The resulting benefits would
add up to $14,481 a year, currently spent on:  (a) imstructor time in the
classroom, {b) inscru;tor and trainee travel time, and (c) expenses for
persogpel away from their hoﬁe base. Together, these seven stations,

" each equipped with one -terminal, could realize a yearly saving of $84,534.,

4, Small statioﬂé. The minitmum installation of one terminal at

each of these locations would resqlt in a very-low utilization factor
since their personmnel varies between six and twenty eight agents. For_;he
largest of them, Thﬁnder Bhy, the yearly use of 440.9 hours represents an
average 1.92 hours a day over 230 dayé, while_ the yearly savings resulting
from the elimination of the expenses already listed for.medium-sized

"stations amount only to $6,521.
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Conclusions

The potential monthly savings per te;minal at the major, 1a?ge,

- medium, anapsmall stations are $364. $971, $1,006 and $543 respectively.
The greatest savings are realized at the medium-sized stations, although
the daily utilization is less than five ﬁours, because tﬁe current expen-—
ses related to ttaining are high. In the major stations, despite a high
utili;ation factor, the benefits are limited because the training-related
expenses’ are relatively low, with both instructors and ;rainees being at
their home-base.

However, even under ﬁhe best conditions, the benefits derived at a
particular station do not cover the cost of the sﬁbséription service;
whether the terminal is includ;d as part.of the Full Service or purchaséd
separately under the Basic Service; Either alternative runs in the viéi—
nity of a monthly $1,100. Since this element represenés only a fraction
of the costs accruing to the facility, there is no possible breakeven
point for which even a subset of the stations wou}d jhstify the implemen-~-
tation of the systeﬁ..

This result ig not unexﬁected since the netwerk is not utilizéé to
the full extent of its capabilities: Neither the sopﬁigticated features,
such as-the graphic capabilities which make it so attractive and advanced,
nor the extensive library of programs, are used. The implementation of
such a system would become more advantageous if it were restricted to loca-
tions where the utilization factor would rgma%n high, and to‘subjéct matter
which would be more aﬁprqpfiate to the features offered than the one covered

by the courses of the Tansportation Services branch. Another method for

reducidg,the cdét would be the use of the existing communications network

4
+ d
t
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of the airline: This is however a hybrid solution more.akin to the

-

alternatives investigated earlier.

Because the Installation of terminals is noticost justified at
locatioqs with minimal requirements, the network could not include Travel -
Agenciles, which currently represent a very high training expense. It is-
the ability to deliver course 1.5 to these many scattered locations which

provided the most important economic contribution to the alternatives

involving the use of the Reservec network and of its terminals.



CHAPTER 8
RECOMMENDED‘IMPLEMENTAQION STRATEGY-

* After the potential profitability of the variocus CAL facilities under
consideration has been calculated, the alternatives meeting .the predeter-
mined specifications can be compared for selection of the most advantageous.
After a choice has been made, a sensitivity analysis is performed so that -
the re;earcher can determine to what extent deviations from the values |

used for the calculations wi fect.tﬂe final outcomé. The idea behind

this step is, according to Cortif (1973, p.77) that "management must become
aware of the financial consequehces of all likely outcomes before being
able to make a reasoned ev . of the worth of a project". Once ié has
beeﬁ ascertained that variatifns resulting from actual operating conditions
will not move the profitability indices out of the accepkéblé rangé, the

researcher may proceed with the next stage of the project and prepare an

implementation plan.

Selection of the Optimal CAL Alternative

While the dedicated training facility provided by the PEATO system
would meet all the speéifidatiohs for technical requirements, its costs
exceed tﬁe ecomomic benefits in every period, so that thg cash flows re-
main negative:_ There is therefore no hope of compensating, or even of

offsetting the initial one-time costs. Since the‘project cannot show a

positive Net-Present-Value, it does not meet the profitability require-
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ments setlby the corporation and this alterﬁatigg must consequeﬁtly be
dropped.

The QEher altérnatives ﬁaving'the existing operational Reservec network .
as a cogmon element may readily be compared on an eccnomic basis. Thé finan-

cial analysis favors the Reservec/ASET alternative over the in-house modi-

fled version of a basic author language on every count:

"1. Net Present Value of $409,400 as qpposed to 292,500

2. Internal Rate of Return of 96Z versus 57Z.
3. Payback period reduced to 2;16 years from 2.71.
4. Maximum cutliay of $118,30Q versus 170,600,

Furthermore; the ASET package, already validated and ayailable imme~
diately, reduqes the risk of possibie programming délays. It simplifies the
inferface between the prograq@ing personnel of the Computer SerQices branch
and the curriculum auﬁhors. For these reasons, the Reservgc/ASET facilitj

is the fa&orgd alternative and may be recommended provided that poténtial
N "

variaticns iﬁ the values of the variables de not shift the end result out—
side the agceptable range defined by the set of orlginal constraints.
, S o A\

Sensitivity Analysis

v

-

The economic indicés of profitability were obtained by means of a
mathematized mgdel made up of a set of interrelated equations reflécting ©
b;sic_assumptions. A léarning curve coeffidient of 90% was combinéd with
an initial prngpction ratio of 120;1 and 5520 hours of manpowef to establish

a schedule of production. 'Another cquation blended the production schedule

‘with the benefits'deriving from the availability of specific couxrses to

‘s
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S obtain the yearly savings. A later equation merged the totl benefits with

the costs for the various. functions to c&mpiie yearly cash flows, which

were then discounted 'to a Net Present Value. This same mathematical model

can be used for the Sensitivity Analysis of the selected alternative. Each

value of the design parameters will produce a new seriés of economic indices
which can be compared with the oﬁes found initially and which can be piotted
.on a graph for easy visual comparison (Figure 6 and Appendix C). "

The variation in the value of the parameters is depicted along tﬂé hori-~
zontal axis aé percentages, while the overall economic index is shown along
tﬁe vertical axis. The point of initial reference A with the coordinates
{0; 409.4)_;epresents the: Net Present Value of $4Q9.400 calculated for the

‘ Reservec ASET alternative. "Along the horizontal axis the abscissa ( 10%)
indicates that the value of the variable, such as Training Operation Cost
has been increased by 10% of the value used for the initial calculation.
"Such a variation is calculated te result in % drop of $58,900 in the Net

- Present Vglue. This is the situation represented on the graph by ﬁoint D
with coordinates ( 10%; 350.5). The line AD, extending beyond both points,

A¥epre;ents the effect of the Training Operétion costs on thé NPV of the

project.’ It allows the researcher to dete;mine the NPV_correSponding Ju
a specific variation in Training Operaticn costs, or to find out which per—

. centage of increase in these costs will reduce the profitability of the

project to the minimum acceptable lebel. - -

-
[N

An advantage of the presentation of cost information by means .of the

continuum of a graph.instead of the discrete figures of a table is that it

allows the researcher to visualize the effect of deviations for any percen-

tage he considers likely to occur. It thus avoids a.shontcoming pointed out
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. NET PRESENT VALUE ($1000) -
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FIGURE 6 - EFFECT OF VARTATIONS IN THE VALUE OF THE DESIGN

) FACTORS ON THE NET PRESENT VALUE OF THE PROJECT



.- ‘ - 154
by Dewhurst (1972, p.120) whe considers that "it is mathematically satis—
fying, but unfortunately not' very realistic to calculate the effect of an

- increase or decrease of each of the variables by a fixed percentage figure.
Not realistic because, of course,.in making such a éomparison, there is the
implieq assumption that all these change§ are equally likely".

Initial Investment ) - .

Ahy.increase in the costs incurreq during the precimplementation period,
such as installation, training of lesson ﬁriters, and ;dditional hardware,
is refleéted in the NPV. Thus if the Computer'Service branch decides to
purghase $10,000 worth of additional storagé for ﬁhe CAL facility, the N?V
drops from.§409,k00 to $399,400 since the initial ifvestment jumps from
$42,900 to $52,900.‘ This is represented by a downward sh;ft of the same
magnitude on the ordinate axis.

~

Acquisition Costs

Increases in the rental cost of ASET software or in the amount of man- -
power allocated by the Computer Services branch to this project would be
~added on & discounted basis over the years. This change is not shown on

the graph because of the relatively small percentage of this item on the

total financial piéture.

Program Development

/ﬂggﬁnpower. If, after implementation, the thrée-man team is found insuffi-
cient to produce“the expected amount of materials\and~a fourth man i%s added;

the manpower component of the program development cost is incremented Ey

S
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one third, corrésponding in the first year to his salary of $26,496.
_This reduces the Net Preseat Value of the project by $57,700 bringingvit
. down to $351,700. - If done at the beginning thié option costs anmother
$3,200 gor‘the training of the lesson-writer. ‘

“

" Manpower and transactioms. Since the cost of program development is

* made up not -only of manpower, but also-of computer transactions, both compo-
nents will be affected if the addition ofva team member 1s accompanied by
a corresponding increase in the volume of transactions.. The percentage of

‘manpower increase, which is not necesarily represented by the addition of

‘full time members, is reflected in the value of the Net Present Value as

“~

follows:
0% (57 507 75% 100%
409.6  364.6 - 315.6 268.7  2:1.8

Each increase of 25% reéults-in'an average drop of $46,900, a situa-

tion reflected by the slope of line AB on the graph (Figure €).

Bilingualizatioq;/xif training programs are preﬁared in two languages
A~

*

the cost of program development will be increased, while all other expense
areas will remain baéically the same since the trainees would hav® the
option of selecting either version without generating a different volume of

transactions. A second three-man team would be used for parallel prgduction

- ”

'of the training materials in the second language. Both teams start with

the same basic materials since training documents are currently routinely

[

. translated. With the doubling of the production workload, the expenses for

both manpower and transactions are also doubled. The cost of bilinguali-

cfk t
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zation can be estimated at $197,300 representing the combination of:

.

' (a) a drop of $187 600 in-the NPV resulting from the increase of 1007 of

- the develOpment costs indicated in the previous paragraph, and (b) "an

{increase of $9,700 under the heading of initial investment, corresponding

+

o the training of the second production’team. ‘ ‘ .

-

Speeded-up production. To xeap faster the benefits resalting from

" the availability of courses in CAl form, the strength of the development

unit can be increased. Because the production of a team is nect pr0por—
tional to its eize, as a result of‘the law of diminishing returns, a
better atrategy is to’increase the number'of-teams. Tﬁe first course
(1.1; 34.5 hours) required 2,416.1 hours of production. Doubling the
number of teams does notrhalve this production time because each has to g0
through the learning process represented by the curve. A new production
scnedule based on each team developing half of each course must be drawn
For each team the production of 17:25 hours of course 1.1 takes 1,34¢2.7
for a total of £,685.4 hours as- opposed to %,416.1 hours for a one-team
production. The production of more courses becomes cost—justified during
the experimental five-year period. However, a comparison linited to the
courses produced in the initial arrangement reveals that the NPV of the
investment increases to $489,700. Although the maximum outlay, occurring
at the end of the first year of operation, rises to $154,400 reflecting
the higher initial expenses, it remains within the constraints of the

projectr\‘jhié‘suggests that, to minimize the risks of the project, it

would be wise to start with a three member team, ascertain the value of tﬁﬁ

~



157

L 4
-~

variables undér actual working conditions and then phase in a second team,.’

e

to reap the benefits of the'earlier'availability of materials. o

» \

-\

Learning curve coefficient. Another key assumption affecting the

on schedule was a learning curve coefficient of 90%7. 1If actual

shows the ‘oefficient tc be higher, the production of courses a-

.: e
will be stretched over longer per lds, and the schedule will have to be

truncated earlier, since some courses would no longer be cost-justifiable
within the five—year period. The cost of the training operation as well as
the benefits are lower as a result. of the later availability of the courses.

A pew balance sheet reflecting these changes shows that coefficients of

!
94 5% and 95% reduce the expecned NPV to $319, 300 and $221, 400~ﬁ%especti—
vely, with the production schedule truncated after courses 3.2 and 4.1,
o :
On the graph the points Cj and C; represent respectively the situations . .

when coefficients of 92.5 and 95% are used. Althougn A, Cy and C, appear

[

to be on a straight line, there is no implication of linearity since in

fact the cash flow is affected by -a revised production schedule incorpora-

ting a different number of courses and a nodified sequence of‘update

) periods. '
R

Timing of maintenance. Another potential impact on thé production

PR bl

schedule may derive from the timing of update of the training materials.

1

This task may be designed on stricter rules: Thus, it could bevplanned
.

/

" for the beginning of eagh year after the first instead of later in the
! L}

vear. This tightening of the rules, when applied to the "initial" ASET

production, would result in depressing the NPV by $24,600, a relatively
K‘ - .
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small but significant amount. .}

Training Operation -

The study started_ﬁ&gh the cpnservative_cstimate that CAL waé equiva-
lent to traditional instruction, meaning thaf éne houf of suitably selected
classroom instruction could be repléced by one hour of CAI.“If‘the-latter
is more efficient, a shor;ef‘peqiod could be sufficient and would ge reflec~

hted in fewer hours at the-terminal,:with a compgrable reduction in the
.numbet of tranmsactions and their associated cost. A 10Z decrease in
Training Operation costs woulélboost‘the NPV to $468,300.

L] - . - ° - l
On the other hand, increases in the number of transactions caused by
- Ay

a higher rate of transactions per hour would have the oppoéite effgct.

“m

-t

Indrements of 107 in Traihing Operation costs result in NBV decreases of

$58,900 on the average and are plotted along Line AD. (Figure 6).

Benefits e

When the amount of financial benefits is decreased, as a result of

~

F-]

initial overestimations, for instance, the NPV is scen to‘drop by approxi-
mately $129,000 for cach 103 increment (Line AE in Tig.6). .Conversely

any expansion in the fhctofs considered under benefits, such as periodic—
pay 1ncreases and othér forms of compensation (travel expenses, employee

'benefits) would contribute to the improvement of the Net Present Value.

-

Combination of Factors

These effects are cumulative: A decreasé in Benefits of 10%, combined

with a 107 increase in Training Operation costs, results in an NPV drop of

—
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- $187,500, corresponding to the addition ‘of the $128,600 and $58,900

differentials. -This combination 1is represanted on the graph at point F

fourth corner of the parallelogram ADFE, whose sides are sloped to ﬁatch ] !

the increase in Training Operation coOsts and in economic Benefits.

Conclusions

The sensitivicy analysis, points out that a change in the learning curve

coefficient from 90 to 95% reduces the NPV to 547 of its value. It is there-

fore a crucial factor to be monitored closely. This coefficient can only

vary between the theoretical extremes of 0.5 and 1,0, so that a change from

90 to 95% can be considered a dras

:1E deviation. Because of its theoreti-

cal range, the deviation percentages of the learning curve coefficilent

¢ - ~
cannot_ be directly compared with those of the other elements for which ne

. such limitations apply.

-4

A 107 deviation for the other components such as Initial Investment,

Development costs, Training Operation costs, and Benefits indicates tespec—

tive variation of 1.05, 4 57, 14.3
profitability of the {nvestment.
'This means that the accrual o

that they are not diluted in the p

9 and 31.51% in‘the Net Present Value of

the project, and permits a comparison of their relative influences on the

f penefits must be audited with care, so

rocess. Thls would happen, for instance,

i{f a trainee after having been trained by means of CAI were to be sent to.

a regional centre for the same course, thus incurring expenses which had

been planned to be eliminated. The 31. 51 percentage also indicates that

any increase in the items ‘included

under that heading, such as travel

allowances and wage levels, would make the project that much more at;>3Q<

tive financially.
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On the other hénd, increases in Initial Investment and Development
costs influence significantly less the NPV. It is therefore wise to in-
crease the amount of eipenses in these areas if the change results in
lower Training Operations costs.

After the initial years of operation the acquisition costs settle
down to an average of 6% of the total yearly costs, (see Table 23) while
the program.development costs drop progressively from 31 to 7% and the
tralning coperations costs, réflecting an increése in volume.of transactions,
climb from 62 to 87Z. During that pefiod these tréining operations costs

consume approximate;y 45% of the financial benefits attributable to the

existence of the computer based facility.

Table 23
. . -
Percentage of total cost of the main expense categories

Expense ' { Year
1, 2 3 4 5
| Acquisition .13 .07 .06 .06 .06
Development _ .60 .31. .13 .07 - .07
Operation .27 .62 .81 86 .87

This brings out the cost of transactions as a critical variable to be
monitored closely: A greater availability of CAIL materials means Increased
transaction costs, accompanied by a relatively higher level of benefits.
Considering the low percentage represented by the instructional development
manpower coét, it seemé wise to increase the rate of production through

enlargement of the production team as soon as it becomes reasonably feasible
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so that a greater share of benefits can be reaped earlier. This is an area

whgre an amount of discretion is available to the decision-maker desirous

- of optimizing the feturn on the investment since a doubling up of the teams

results in a 19.67% increase in the Net Present Value.

Implementation Plan

.

Onc? the sensitivity analysis is‘compleced, the Educationalufechnolo—
gist can present to the corporate management responsible for the decision
to proceed with the Iimplementation of the CAL facility, not only economic
indices of profjitability such as the Net Present Value of the investment
and its Internal Rate of'Return, but also the reasonable range of devia-
tion which may be expected under realistic operational conditions. Toge-
ther they can agreé on the most likely extent of potential variations'and
deduct the results corresponding to the best and worst cases.

At this point, the project will be compared to others in differen;
fields and the decision to proceed will be based on criteria of relative
desirabiiitv amﬁng projects ;ompeting for a limited amount of resources.
It is therefore necessary to add to the economic study a full description
of the elements which have been taken into conéideration as Wwell as of
those which have been left out as not quantifiable with precision. 1In
addition, an implementation plan must be prepafed to outline the details of
implementation, coperation and maintenance.\ The sequence of events may be

displayed graphically by means of charts converting the activities of the

previous flowchart model into a chronological sequence.
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While the training organization was not geared torprovide accu}ate
economic data broken down fo¥ its various activities, the CAL unit will
. be able to gather some operating information such as number of transactioms,
and durgtion of trainee interface with considerable ease. In order to
assess with precision its effectiveness, it wili be necessary to incorporate
into the design additional controls and instrumentation to capture all the
relevant data.

The study was based on assumptions and figures which will admittedly
““differ somewhat from the réalityf The initial phase, of moq;st proportions,
making use_;f available manpower gnd machines whenever possible, is consi-

dered experimental with the expectation that it will generate sufficient
data of high reliability for expansion of .the facility.

- Shortly after operational start-up a retrospective appraisal of the
project will point out tbe modifications required tc improve its operation.

Periodic iterations of the simulation on both the flowchart and the mathe-
matical models wiil lead to better management of the fazility through the
progressive‘replacement of earlier assumptibns by actual operational data
on a dynamic basis. Van Court HareJr. (1972, p.280) has pointed out that
\"systems... have adjustable elements 'set' at ‘the time of installation, As
time passes, these settings may no longer be appropriate to the system's
condition of operation, so the system fails". It is therefore necessary
to ensure that adequéte provision i; made to update the system.

One purpose of these yearly reappraisals 1Is tec ascertain whether the
operators are actually performing according to the system definition and

plan, another recommendation from Van Court Hare Jr. (1972, p.2Bl) who

found out that 'many systems have not performed as predicted because an
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essentiai operation was not performed by an operator according to the
Plan assumed by the systems analyst". Another purﬁbse is to plan exren-
sions: Although the economic life of the Project which was used to deter-
nine its indices of profitability had been set at five years, it 1is inten~
ded~to keep 1t operating iﬁdefinitely on the basis of Periodic evaluations
in the coute#t of overall environmental change and in baxticular of 1its
Net Present Valye for the next five-year period.

This 13 the time whep the phasing-in of the training Tequirements of
other branches 1§ considered, since it will affect the performance and
therefore the cost justification af the operating system. If it is decided

not to add any course units, the production Tequirements wil]l eventually be .

year, with an accompanying drop in performance. If, on the other hand,
additional areas of training are included, the instructional development
team works at ful]l Production pace and keeps on improviné to the point when
the learning curve becomes d4symptotic to the horizontal axig, There'is a
need to adjust thercomposition of the team by including content experts from
the new branch, but at that point the addition is calculated as an incremen-

tal cost to the existing facilicy.

CAL fécility is in operation, the addition of a éourse does not affect the
acquisition cost: The rental of the software Package is already justified

by the current training operation. Its cost, however, will be spread over

"a greater number of units. The criteria of cost Justification are therefore
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iﬁh
l1imited to the incremental costs of development and of training opegation,
compared to the expected incremental benefits.

The deVelopEEnt costs ﬁepend_on the length of the course or, more
specifigally, the number oflequivalent'unduplicated student;contact—hOurs to.
be produced and on the timing oé the productioﬁ; Until such time as the
raéio of forty hours of preparation to one hour of presentation is reached,
the productivity of the curriculum development téam is dependent upon the
position along the learning curve. The training operation costs are a func-
tion of the length of the céurse,‘while the financial benefits depend on the
pattern of tfaining of the target population. The net benefits represent the
difference befwee# the training operation costs and tﬁe f%ﬁﬁncial benefits.
The ratio of the development costs to the net benefits indicates the time
feéuired to recoup the development costs and_thus helps decide whether the
course should be produced.

Foy instance, if Caurse 3.1 of 42.5 hours is examined for potential

production after two and a half years of operation, when the production

ratio has dropped to 43:1, its development costs add up to $28,829, repre-

senting the addition of : S
~ manpower: 42.5 x 43 x $14.40, and
- transactions : 42.5 x $59.14

The yearly net benefits have been conservatively calculated earlier
at. $6,417. The corresponding- payback period of 4.49 years means that the

incldéion of the course is cost-justified if an economic life of five years

¥

from the date of availability is being considered.
There is therefore a need for a continual monitoring of the operation
of the CAI unit. Some data, such as fully allocated standard costs of the

computer facilities are easily gathered. The results of tests, which are
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similar ro those nsed in traditional instrnction, combined with interaction
data provide a measure of the relative effectiyeness of the method. ' Still

others will have to be collected by means of a detailed bookkeeping system

In order to extrapolate the learning curve, a precise.schedule of the pro-

gress of development must be kept.

Furthermore this information will® be broken down Into separate identi-
fiable functions at the highest level of detail shown on the ;iowchart
model Subsystem 5.0- (Develop Instructional Program) will be monitored to
provide data on such activities as: (a) modifying the COTP and tests used
in traditional instruction, (b) writing the teaching points and steps (e}
preparing the coding sheets, (d) entering into the computer etc...

~ The analysis of this information will allow the optimization of the
composition of the instructiochal development team, by providing objective
data for the optimum unit of persomnel that will result in overall mini-
result will be a new division of labOur,_wherein the Content Expert and the

Instructional Programming aspects of the curriculum'authoring team can be

emphasized to different degrees. It may lead to the inelusion of lower-paid

clerical classifications such as keypunch operators.
The performance of the individual wembers of the team is also assessed
periodically on the basis of the production data and used as a guide for

remedial or complementary training as well as allocation of duties on the

| basis of suitability. 1In addition, information on activities performed

outside the CAL unit, such as initial analysis of the content matter and
preparation of the COTP will also be gathered in quantified form, to be used

at a later'date when the preparation of some subjects will be the full
¢

[ SUa
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responsibility of t‘he CAL unit. ‘

Together with the anticipated production schedule, a budget will be

prepared prior to implementation showing the volume of transactions and

Telated costs. Any deviation between the actual and the budgeted figures

will trigger a search of the time-records of activities .to determine the

cause and to devise a solution to return the actual performance to 1ts

planned level. . . N
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CHAPTER 9

SUMMARY AND CONCLUSIONS

The instruments used for deciSion—making may be found on a continuum
ranging from subjective intuition, cheap but unreliable, to a realistically
detailed feasihility study;:trustworthy but cdstly. The former.ﬁay be
found suitable fbr minor decisions concerniné smail investments, while
the lattet is a requisite'for major underEakings involving the allocatidn
of resources on a greater scale. The point selected on the continuum
should repfesenﬁ an optimal traée—off between thé efforts to be_exbendéd

-

and the required acéuracy of the results. The methodology described in

-

this papér represents a mid-point enabling the decislon-maker to fgach
conclusions with a sufficient amount of confidence for a reasonable expense

‘of time and money when a limited investment of resources in considered.

1

Summary of the Project

The study of the conditions prevailing in a particular environment
resulted in some specific findings, such as:

1. The introduction of Computéf Assisted Learning is costnjﬁstifiable
on the basis of the econbmic criteria used éy the sponsoring organization.

<. The number of trainees does not have to be excessiveiy large to
;;onomica11y justify this innov;tion (e.g. 302 agents for course 3.3).

3. The judicioug use of existing facilities is an important contri-

buting factor to the reduction of large initial cash outlays.
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Furthermore, although it was initially assumed that CAL would be -

_used for all courses if financially justified, the economics dictated.;hat

-

--.some follow-up courses remain in-the traditional instructor-led form. The

resultigg mix is a legf radic&l';witch from the current aethodiand a more
acceptable solution in the actual environment of the train{ng organization.
This happy circumstance will facilitate the acceptance'ﬁf the new fécility.

Thé study offers various scenarios for progressivé implementation,
keeps the.faciiity open-ended fpr possible additions, aﬁd.indicates the
quality control boints which will provide the necessary imput for cybérne+
tic control once the facility beco&gé\operative.' It provides formulae to
deterﬁine when the production schedule should be.truncated and how to assess
whether an additional course ﬁnit should be considered for inclusion into
the CAL curricuium.

In order to do so; it isolates the CAL facility from its pareAt system
to highlight the features which must be considered,hwhilé_retaining the con-
ceptualization of the CAL unit as an 'open system'. The project is possible
because there already exists a training organizétion from which instructors
can be drawn, assigned to a particular\task, and returned to their initial
position when no longer needed:ﬁ\Thus the calculations'can make use of

fractional manpower units. At a higher level there is a continual adjust-

ment of the flow, in eilther djrection, ofvinétructdrs and supervisors

between the training world and the field operations, The smooth operation

of the CAL unit 1s contingent upon the existence of a large enough envelop-
ing organization to meet its needs and absorb the slack.
Similarly the dperation cf the CAL unit is also dependent upon the

resources of the Computer Services Branch, which provides for its various

needs exactly as required. Therefore it does not have to absorb dispropor-

-
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tionate idle costs, which would be the case if it were to be operating
as a separate unit. The fact that the.computer transaction requirenents
of trainingﬁare higher at times of day when the operational requirements
of the_airline are lower facilitates the integration of CsL operations,
since these activities‘may then be seen as complementary teo other loads,
the volume of transactions resulting from training éQntributing, albeit
to a minor degree, tO evening out the peaks and valleys of the total
computer workload. The study would be much more complex, were 1t not for
the existence of an operating system already built for a.high level of
performance with guarantéed indices; sucn aslthe Average Response Time and
the Minimum Time Between Failures (MTBF). Here again the introduction of
the CAL unit is facilitated because it is only one of the elenents of a
huge system able to absorb a gradual increase ot workload over time and
to reach a higher level of steady operational state. *

The study has used statistical averages up to the sensitivity analysis
performed on the selected alternative. These figures cover cost and benefit
areas which can be determined and quantified precisely Other potential
areas of economic benefits such as release of classroom space, facilitation
of record-keeping, reduction of training time through elimination of lock—
.step progressing have been intentionally left out. Positive results
achieved ny using assnmptions on the pessimistic side are‘more conducive to
a decision to proceed than those remaining marginal‘after avery possibility
of squeezing out all sources of potential benefits has been exhausted..

The presentation,gains in clarity when the research is limited to the ele-

ments sufficient to provide evidence of profitability, provided of course



- ’ 170- . .

that no corresponding cost item is left out.

The amount of benefiés which could be expected to flow from the
introduction and operation of the CAL facility egtablished a ceiling for -
the cost of that £ac£lity. This resulted in. the eliminatiom of the fully o
dediéated trai;iqg syétem for economic reasons at am early stage,lthus
obviating the need for detailed calculations of a production schedule. -ane
._it is éstablished,'on the other hamnd, that a potential sclution meets the
cast-justification crit;ria, it bedomes worthﬁﬁile to Investigate further. '
When none of the potential solutions meeté the criterila, it is still bene-
ficial to rank them in order of-pfofiéability and to select the.most_promiq
- sing ones for further study, in order to determine the c;nd;tions under
which they ‘may become cost-justified. The effort expanded in the stu.dy is
never wasted since ?t éill alw;ys yield a useful answer to the organization.

The dégree of trustworthiness of the results depends on the assumptions

. ’ ’ .
outlined in the presentation and the -value of the data collected. The .
outcome is considered to be of sufficient value for the pufpo;e of implemen-
tatioé because it presents an acceptable range of operating data which will

be refined through the monitoring of the actual operation.

! ,
L] . '
1 - -
. . Further Research

-

As‘indicated, Fhis study is the inital step for the implementation.
of a computer Dbased faeility in ;n actual industrial sétting. It will prove
interesting to compare its operation with the projections made in this paper
and particularly to gather the actﬁal data that were missing and had to be

»

estimated, such gs'fhe information leadirng to the determination of the
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learning curve coefficient for the development team, or the average updaté

requiranents. Other 'building blocks' for a project of this nature would

. include the relative effort required to produce materials in the various

instruetional modes of computer use, and the optimal composition of the

instructional development team for this type of didactic materials.
- ‘/-
Despite the detailed bookkeeping that will take place, the results
recorded will onlyabe examples of the actual er;erience of one.corporation. |

To glve them a proper context further research should be conducted on the

relevant aspects.' In particular a taxonomy of CAIL-programd, based on a

g
'S

comprehensive analysis of a large sample, would permit valid comparisons

_within narrow margins, so that general statements could be qualified. This

taxonomy would classify CAI programs in terms of their features ranging from.

"the use of alphanumerics to audiovisual capabilities; it would distinguish

betWeen lessons which are based on the use of adjunct materials, between

those which give the student the dption or explore side issues and those

which lead him along a fairly well defined track.to learn specific procedures.

The aids available to the'author-represent another dimension for inves-

tigation. For instance, the writer who uses a Conversational Lesson Devel-

opment Module with prompts instead of coding the lesson, inputting ic into

the computer and agving,it translated may produce more materials than if

he had to ganerate his own pattern and select a.more flexible strategy The

result may be a stereotyped product of lower quality The optimal point of

trade-off can. be\determined through a geparate study. Similarly the

- - %

-

; availability of a graphic'capabiligy may lead ‘the author to experiment and

make a greater use of it than instructionalf§'required On the otﬁer hand
. “ Q; X s
a writer map’ rest;ict himself to the fgatures-he knows and ‘Jikes best.

q ' ’ . . 4

Y

'd
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With a reliable definition of°these dimensioms, the ratio of pfepara—
tion .to @resentationl described as rangi;E‘from 350:1 to 20:1 could be -
specified with more precision which would permit the measurement of the
produccivity of teams agai;st.a norm, and lead to the determination of
the optimal size and composition of a development team based on a particular
Morklbad. - | |

. Finally the relative quaiity of the prograas, reflecting the efficiency
of the production team, should be assessed objectiveiy. Since the structure
of a lésson can be defined with'precision aﬁd the number of teaching points
identified exactly, the hazy concépt of student-contact-hour could be
replaced by -a quantitative meASure su;h as the number of teacﬁing points,
leafned and ret;ined, correspending to am hour of student time or to a number
. ‘of ﬁ%angactions. ' N ‘ _ . - .

The results of this fesearch would be a multidimensional matrix providing
a variety of specific cells to be used as accurate building blocks by other

~

researcﬁers.attempting to ;educe thg range of their_projections;

r
S

uConclusioﬁL\ -

" - The comprehqgsivéiggg of the méthod.is évidenced by the fact that the
. - h ]
'stuiy covers the cost headiﬁgs'used by other researchers in this area,.al-
though iﬁ_resequences them and changes their respective emphasis. Because
of the épecific.ciicumstances of the application considered, somé parts are
cédsiderably reduced while oﬁ%ers take on more importénce.

Just as the previous research, deSpitE its scope and-the variety of

methods dqscribed in the literature, did not prbvide a model that would

- - ‘ L]
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match exactly the needs of the situation investigated in this paper, -the
solution presented here would probably not fit wiﬁhout some modification
the requirements of an organization with a slightiy different set of cons-
traints and another pattern of availaole facilities. This is due to the
fact that the introduction of a computeX installation never occurs in a
vacuum and is therefore situation-specific: It must always oe planned in,
its own context, with a methodology flexible enoogh to tailor the feasibility
study to the needs of the situation.

The method, hbwever, is easily geneyalizable to a variety of situations.
It is as follows: A flowchart model is used to delineate the scope of the

application, reduce the aLternative to a few typical ones, identify the cost

~ and benefit elements with the necessary degree of detail, bring their rela-

[ .
tionships into a mathematical model with discounted cash flows, which’ can be
used to run any nypber of simulations with varied parameters to observe the

effects, the choice being made with due concern for the sensitivity of the

results.to.changes in assumptions.

This composite of various techniques provides a large degree of flexi-
bility in the search for optimizatiom. The level of detall can be selected
on the basis of the actual data available, while any existing feature such

as the availability of a CAI language, in the inventory of the parent organi-

zation can be incorporated into the model. The reliability of the resulwes

_and, with them, the credibility of the method ﬁepend on the tightness of the:

assumptions used, which must pé ciearly identifieqf

Once the equations underlying the mathematical cost model have been
established the next step is to design a short computer program in a simple
language, such as BASIC so that a greater number of incarmediate solutions

can be found and represented on graphs for easier visual evaluacion, "without

- .
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cated approach incorporating Dore elements, it would detract from the $impli-
city which is sufficient for the adequate preliminary investigation of a
Project, where even limited éomputerization adds a dynamic dimension to the
COst analysis,
of training pPersonnel under the guidance of a projécﬁ leader well versed in

educational technology, who will conduct periodic meetirgs and specialized
. “

workshops. At these gatherings the design of the facility will be progressi- -

vely refined with the occasional ass;stance of specialists from other divi—
sions.(finance, computer services) and outsi&e firms. The final result will
be a clearly defined proje;t, integrating the relevant elements énd.designed'
to the apprOpriateidegree qf Precision, which will be'presented to the‘mana—
geﬁent level responsiple for ;ts authorization and handed over to the
Computer Services branch for the subsequent’deVelopment of the detailed
implementation design. |

~ This sequence of events Tepresents a shift of responsibility and ipi-

: +
tiative. The training organization must define its environment and irsg role

with' precision ip order to design a facilicy meeting its needs; whereas the

‘past Practice has been for a Systems analyst to discover the needs by means

of interviews and then to-design a8 system on the basis of his perception of

those needs. Although the results were generally commendable, this practice -
- B £

did not result in the same degree of involv%gent and responsibility on the
\
part.of the users.. In this Tespect the résearch may be seen 4as ap educa-

tional tool which is, not only wuseful because of the investigaqion of relevan;
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areas and of the development of a common understanding of concepts, b;t
necessary since the early ﬁérticipation of the training community‘will
facilitate the -acceptance of tﬁe innovation during the critical early stages,
without the recourse to nuserous and iengthy familiarization sessions.

The point where tﬁe-training organization_Furns over the study ﬁo the
Computer Services branch will vary with the 6réanization of the cofpdration.
The number of vari;blés to be considered in the research study may be increa-
sed, but depends on the qualifications‘ofﬁtﬁe personnel and on the interqal
division of rﬁé?onsibilities. The more ;omprehensive the preparatory work
of the traiging érganization, the easier it is for the bomputer Services
branch to reduce_the manpower required to complete the implementation study.
In the present case it will tﬁke the training organiiﬁéion abo;t one man-
Year to complete its research: The educationél techngioéist will devote -
four consecutive months to the -project, while the training program manager
will contribute 507 of his timq_Quring.that period and six individuals drawn
from the Montreal, Toronto and Ne;.f5fi‘train§p§ units will_contribute the
equivalent of one month each. The corresponding éﬁét was not charged against
any of the solutions investigated because it is built into the present
organization for research and development purposes. Within that framework
the;e personnel can deal with the training-related aspects of the project, | g
and eveﬂ learn‘about LOGOS since it has other appligétions in training.

On the other hand, learning about marginal areas involviﬁg for instance
leases and rentals of buildings and materiéls, is questionable. These
aspects of the analys}s widel be left for the Computer Services to handle,

but other corporations may want to shift these responsibilities to match the,

specific abilities. of their personnel.
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Because it features the differential between an existing and a
proposed systeﬁ, the method followed here 1is not suitable for new installa-—
tions where all the componen:s‘must stand on their own merits and be full}
accounted for. It is, on the other h;nd, particularly suited for organi-
zations which consider the introduétion of a CAL system of relatively modest
proportions in an enviromment which already includes computer applications
and where the availability of resources may be used to offset a sizeable
portion of the costs. It is péf%icularly suitable to the study of marginal
conditions where the approach selected may spell the &ifference between

Success and failure, because it can lead to the early adoption of an innova-

tion. _ |
f Regardless‘of the amount of theoretical information and empirical data
available, and despite improvements in the formalization of the process,
each study of this nature requires a measurérof creativity which must be
grounded on logical, rational, assumptions. I believe that the method desj
cribed here offers the Educational Technologist desirous té'see innovations

introduced at the right time into his area of aétivity, the opportunity to

become a leading influence ahd the tool to contribute directly to the impro-

vement of his environment on a rationally defensible basis.
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;AgLE A
GEOGRAPHICAL‘DISiRIBIEION OF EMPLOYEE gLassifchTlons
N H
- v
EMPLOYEE CLASSIFICATIONS :
STATIONS : . A B | 6 D ‘ E_ F G- H e TOTALS
1. Toronto 485 359 444 84 60 55 39 1526
Z. Moutreal 310 287 174 85 52 38 19 965
3. Vancouver 149 128 27z 19 16" 10 5 599
4. Winaipeg 10 40 & 159 7 28
5. Calgary 81 65 + 4 15 7 7 12 / 227
6. Edmonton 63 56 55 10 - 6 4 9 203
7. Ottawa 109 32 1z, 10 10 18 191
8. Halifax 68 47 13 15 1s 9 4 168
9. New York 37 68 29 7 4, 145
10. Miami 57 - 34 4 109-
11. Chicago 17 33 . =R 403 - 80
" 1.. Regina 24 24 13 . - lf 73 .
13. saskatcon 24 19 10 h_\w c1 11 65
14. St. John's 23 17 8 19 ' 7 64
15, Los Angeles 16 A 2 21 62
J:6. Moncton 14 16 4 5 6 45
17. Victoria 21 12 1z 45
18. Quebec 31 o 3 f/ij - 7 43
19. Saint Jéhn 12 20 1 2 8 43
20. Tampa . 3z -9 41
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. ) o
TABLE A (Continued) .

STATIONS : - . A B " c* D E F, G H I

TOTALS

21.
22.
23,
24,
25,
26.
27,
8.
29,

" 30.

. 31,
32,

34.

139.

40.

41.

+ North Bay  --1 ) ‘ _ ' . 7

.Charlottetown

Thunder Bay 7 = 14° . Ce 7
Clc{aveland " llfJ_ | '. 10 73 -3
w1ﬂdso§ 5. ‘ .o 10
London . 15 , 9

Sudbury 2 12 : . 9

Boston- 18 ‘ ) R A -

Fredericton. 3 . . 4. 1 13

Av

S.S. Marie 37 o ' , " 10
Sydney 12 .- . o 7
Gander 8 _‘ 3 _— 5

Timmins - 6 . - ' ) 8

S

. Stephenville A - 9
. Yarmouth . : o : ‘ 9

. - * oy, ll_' . . e . . !
Rouyn ._’ . 2 : \ : 7 -

A -~ ° 3
Dallas 6 RS .
E —,V‘ . . -~
‘Houston .6 Y ’

M

28
26
" 25

24

23 -

' 22.
21
20-
19
16
14

13

©10

10 -

\

TOTALS 1767 1331 1116 35 173 155 85 176 92

-
,
I '
-
. L 3 . y
W ° . t . . ’ ’ .:'
: * . L] 'k
N -] . . R . >
- . - . 3
. 3
-
L)
4 -t

. ‘\
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TABLE B

YEARLY TOTAL‘OF‘STUDENT CONTACT HOURS

B . Course Total
Course Trainees Hours | Hours
5
1.1 » 455720 39 ° 9,952.80
1.2 -84 6 7,483.84"
1.3 - 148.7z 26  3,866.72
1.4 141.36 52 7,350.72
FL1-G ziff1.7e . 6.5 15,416.44
" o i563.04 4 2,252.16
1.5 111.60% 6.5 ' 725.40%
F1.5 1,033.06a 6.5  6,747.00%
L1 6.80 . 13 88.40
F2.1 57.96 6.5 376.74
" L 20.:4 4 80.96
2.2 22.45 19.5 -437.78
F2.2 80.55 6.5 52358
" 320.00 4.0 | 1,280.00Q

#3ubject to yearly growth factor.
- Y



TABLE B-(CQEEinued)

Course L Total

Course Trainees Hours Hours
3.1 ‘ 54.05 48.0 2,594.40
E}.l 89.60 6.5 582.40

-

" 297.35 . 4.0 1,189.40
3.2 " 32.64 7.5 264,80
F3.2 106,88 2.0 213.76
3.3 35.04 16.5 578.16
F3.3 106.88 2.0 213.76
3.4 24,95 24.0 598.80
F3.4 106.90 4.0 427.60
4.1 80.60Q 52.0 4,191.20
4,2 80.60 - 52.0 ' 4,191.2Q
F&4.1-2 163.56 6.3 1,063.14

" 375.84 | 4.0 | ;1,503.36 -
4.3 43.48 58.5 2,543.58
Fé.} 156.60 6.5 1,017.90
" . 347.50

138.92 2.5

N
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APPENDIX C -
CALCULATION PROCEDURE
This section outlines the sequence of calculations underlyiné the
mathematical model applied to the selecdted alternative {Reservec/ASET)
and to its sensitivity analysis.

. . Production Schedule
. * P —

The number” of man-hours required for the production of CAI hours

-is obtained by the formula : 7 = ax© , where

- Z is the total number of preduction man-hours required,

»

- A the number of man-hours required for the production of the first

1

hour .of CAI materials,

- X the number of CAI hours to be produced, »nd .

) . N - - ’ ] L3 '
- ¢ the exponent corresponding to the learning curve coefficient of

the production team.

The value of the exponent g can be derived from tﬁg,formula given
: . “ i '
above.. With a learning curve coefficient of 907, the aﬁcragc production
: . . !
time of the first 2 units is equal to 907 of the averdge~production time

of the first unit. If the first unit takes 100 hours , the second would

take 80 , for a total of lBOand an overall average of 90. These values
. -~ .

are sybstituted for their symbols in the formula

z = Ax© or 180 = 100 x 2° or 2 = 1.8
meaninktlmt : ¢ log 2 &= log 1.8 a.nd therefore

c = log 1.8 / log 2 or .25527/.30103 or .B48 =
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The number of maﬁhOurs required for the production of the first 34.5
hours of CAI materials (Course l.i) 3 when‘thc initial ratio of preparation
to preseﬁt;tiop ig 120:1 and the learning curve coefficient 907 % is calcu-
lated as : z = AxXS or 120 x 34.5°848 -
meaning that :

log 2 = log 126 4 .848 log 34.5 or 3.38325
for a total of @ -

Z = 2,416.8 manhours (Table 18 , p.138).

Under the same circumstances the first 69 hours of CAI materials would
N ' .848 '

require : Z = 120 x 69 or 4,350.3 manhours.
Thus the average production time of the first 6% hours of CAL materials

( 63.05 or 4350.3/69 ) is shown to be indeed 907 of the average production

time of the first 34.5 hours ( 70.05 or 2416.8/34.5 ).

. Availability of Courses

.~ Since the three-man development team pro&idcs 5520 manhours a year ,
the producglon of the 34.5 hours of CAI materials for the first course
rcquircs 43.787 of the working year k 2416.8 hours out of the available
5520 ). Th;s course is therefore available for 56.227 of that year ( 100
minus &43.787 ).

After the-production of the next course ( 1.1 ; 21 hours } , 55.5

hours have been produced at an expense of 3,616.9 manhours or 65.527 of

that first working yenr , making the course available for 34.487 of the year.

Course 3.3 is available after a total of 12,273.9 manhours , equivalent
toe 2.2235 years , have been used @ It is therefore available for the remai-

ning 77.657 of that year ( 3 - 2.2235 ).



Effects of Course ‘Availability - . ] ..

R
. , Y . ~
A N

.The ﬁéycgntage‘df aéailaﬁili;y of a pagtiéﬁ}af colirse ‘ip .its pfod&cfion
vear 1s multipi{éd‘by the dm0qqt of total bgngfiés'né.bé gcrigpg.éﬁ-aifq%i
year of operation (Table-S \ p.9$i=£o.obtaiﬁ:the'beh;fitsjderived during
that year , c.g. Gourse.1.1 , 56.22% of § 88,317 or.$ 49f64§w,ﬂgs“show;‘i;

" ' - RN . K L.

“Table 19 , p.140 . ‘. e

The number of students is multiplied by the avefagé gimé Spént“at‘tﬁéh'
i o\ . - L v . VRS
terminal to determine the yearly total of studgnt.contact hours, (Table B |

e

. - .
p.184). 'This figure is then multiplied by the average number'df-tranéact}qps«mf 3

per‘héur ( 224 ) and the ﬁ;ansacfion cost. (.$ 0.022 ) to obtain the yearly . . -

cost of traiuee transactions , e.g. $ib3,0A7 for Course 1.1 , as shown for

.

.~

&

Year 2 , on Table 20 , p.l4l

multiplicd by the percentage of the time

This yearly figure is als

.

of the first year results theérefore in transaction costs of $ 27,574 (Year

1 , Table 20 , p.l41).

Development Costs

The manpower costs are represented by the product of the manhours
. 4 N . N . Y

required for the production’eof a course by the hourly snlnry.figure. Thus
Course 1.1 requiring 2416.8 hours ng $ 14.40 will rnprosvn% a total of

$ 34,802 . This figure , which takes inte consjderation the prioritization
;f producfion differs from the onc shown on’ page 137 where an overall pro-

duction time average is used for comparative purposes
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.

Initially fhe'dgvelopment team is working for the whole year , so
'that the manpower cost is'§ 79, &48 representing either 5,520 hours at

$ l& &0, or three developere at a yearly salary of $§ 26,496 ( Table 21 ,J

'p;iAZ ). L (>,' . ’ "‘ . - -

The.development transaccion costs aie‘oBtained by multiplying the .
rxs . ‘ s - *
. hours of CAI materlals by 12 times the number of 224 transactions per

hour at a cost of § 0.022 per transaction. In the first year 91.37 hours

are produged , at a cost of .§ 59 137 per hour , or ‘n total of $ 5,403

( Table 21 , p.lAZﬂ.

Cash Flow Sheets

C -
L3

. The costs wnd benefits displayed in-Tatfles 19 ,;ZQ and 21 are groupe&
in Tablé 22 ., page 143 , with the acquisition costs and‘expcnsc occurring
prior to the start of the program ,,” to ;rovide apd.ovcfvicw he cash
flow§ over the period considered: Tﬁqsg figuref are rpundeg to the nearest

o a . ' r N
$ 100 and discounted by means of present value factors (three decimals).

.

Sensftivity Analysis
Table 22 is used as the departure point for some og the calculations
required in the sensitivity analysis , with new sets .of figqres under a
specific heading being substituted for Lthe inlLiﬁi ones , while the other
elements remain constant. Thus , the addition of a fourth man t; the
development ,team , described under "Program Development - Manpower" on

page 154 , has the following cffects
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1. The manpower figures of Table 21 are incremented one third to the

new values of.:
o ) - 3w (5)
$ 105,984 105.,984. 48,191 26,003 25,431
2. The development tosﬁs shown om Table 21 and carried over to Table
. .
22‘n0w become : \
111,387 112,827 51,535 27,961 27,389
3. The total costs on Table 22 increasc to ! . |
168,034 300,903 309,701 | 294,239 298,565
4. With resulting cash flows (rounded and discounted) ;f
. -88.7 - 4D.6. 147.9 1531 141.7
5. Adding up, with the unchanged initiai cost:of -42.9 , o a Net.
’ Prgécnt Value of § 351,700
This new situation can be depictéd by a ﬁoint on the graph‘with ‘
the coordinates (33:33 ; 351.7) evidencing th; fact that a one t:?id T
increase in manpower results in an NPV drop of $ 57,700 , from the
initial $ 409,400 EF $ 351,700 .
This substitution of fipures in the, cash flow sheet sﬁowﬁ as Table <
22 applies equally to other deviations, such as Manpower and Transactions
(p-155), Bil%ngualiz;tion (p.lSS), Training Opecration {p.158) and Bg;efité
(p.158)i Other variations considered, such as &peeded-up Production )

{p.156), Learning Curve Coefficient (p.157), and Timing of Maintenance

(p.157) require that new production-schvduleﬂ be determined before the

ef fects on the balance sheet can be ascertained. .





