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ABSTRACT
SIMULATION ANALYSIS OF A MODEL FOR PLANNING THE
TRANSFORMATION OF AN EDUCATIONAL SYSTEM FROM A CONVENTIONAL

INTO-A TELE-EDUCATION SCHEME

1+

Jesus VazqueZwAbad‘.

Tele-~education is the provision of education based on

Ll

self-instruction, including distance study éystems. This &
thesis is intended té\provide educational technolegists with
a model for transform;ng already existing systems inéo sys-
tems of tele-education. Using a systems approach, thevmnqel
assists the educatienal systems planner te produce alterna-
tive plans for the transfermation. Step@rinclude: iQstrUC*
tional analysis of courses offeréd in érder to dgtermine.wha;
ﬁagerials need te be develeped for each ceurse; exéreséihg
;his infcrmatioq>ﬁn a “pgeferred" media—mix matrix; determin-
ing costs of proeducing the materials needed; optimization (if

N

necessary) of insfructional and budgetary constraints under

different conditions and, according te- the 'results, reassign~

N

ing the media~mix matrix; and determining (if appliééble) re-~

quirements that the Learning Resources Center sheuld meet at:
? . .

“end~state” situation under each alternative plan. A set of

4 v

simdlations was run to compare the outputs of the model under
4 '

different inphts. Data frem an edﬁcétional system (the Gra~=

duate Programme in Educatienal Technelegy at Cencerdia. Uni-

-~

versity) were'used te test the meodel. Findiﬁgs, rqé°mmenda7

tiens, and suggestiens for further develepment are'submitted.
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- THE EDUCATIQNAL TECHNOLOGIST AS INNOVATOR ‘;
’ ‘{J ' '-o 6:
p - ’ - ' IS ' . 3;‘:
, - ‘The educational technologist is a professiofyal dealing . §
. L § &
with a variety of problems in the field of education. The N i
. - . v 5
. . practice of educational technology has been described b’y R §
© ) i Mitchell (1978) as "concerned with all aspects of the design :
and optimal o‘rganizat)ion of'educational systems and ) ' /é
o X
subsystems and with the relation betweenjgtheir inputs and X
' ~ t
éutputs, between desired outéomes and the’a,(?:cation of i
> 7 - ra . ! ) . § .
’ . resources to achieve them.” .(p.331) The intrinsic complexity 3
> . N \‘ - - ':li
of the problems that the educational technologist has to face ;
must be realized in order to understand the difficult)&of the
< P . {
“ task implied in the prev‘ious statement. , . o 2
o, N \ ‘ ' : , E ’ k
If innovation is a planned ‘change in a system (Morrish,. ]
. 197%, p.11) then the educational technologist is a
professional concerned with educational innovation. . ,
? o
Edug:ational systems, and more precisely ?he institution of
! School, have always been conserv;tive systems seeking to . .
. * v “ “ 3
maintain and to mediate the cultural inheritance of society.
 § v . ) ~
. \ ©
S - ' However, education's role Eannot be a static pne because, at
least as regards its economic development, society requires a
. " “ ' . . ~
B dynamic role from education: to the static character of the
. " . ‘ ) , ‘e N s '~ ) : ? N )
. CoT . ‘ \
P -
. : ' ' .
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* transmission and wide dissemination of k }vl*e and

educational systems have to add the capacity

.

"essential research for the evolution and transformatio

[

society (Groves, 1963).

'pvactice of educational techn'olog'y(. Th itioner in ﬁhis
field is aware of the need for change i ed‘uca-tiohl systems;
that they are, as any other subsystem o E , subj'ect
* to the inexorable law of “chanfe or periph." But it is also

true that professionals in education are

enerally reluctant -

to change!/ ‘This constitutes t eaSoN Why educational

\é‘ystems are agents of conservation (Bereday, 1969, p.93) and
why general chaﬁge in education 1s a long term process
(r{orrisﬁ, 1976, p.23). Educational'ﬁechnologi_sts‘, thus, must

be aware of the \il%grti.a"of the system they are dealing with.

The role of’edlcational technologists is both difficult

" "and \chal_len ing. The success of the innovations proposed by

them depends on factors that are extrinsic as well as

' imt}piﬁsig to their capa‘p\i;ities.-’,lt is essential for them to
. T

gather information in ‘order to maximize their know]edge about
the 'System under consideration. This task implieg not only
the search of available data but more .often tﬁe desigN and
carrying out of re\searcﬁ to obtain essential. kndwlé'dge. More

importantly, they must also be able to reduce the information/\

v

i

ey S 22 s 4 Mo o e .
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;- available. to a manageable and useful amount while retaining ¥

s

enough to provide them with requisite variety. To sa? it in

Ackoff's wSrds, the inﬁovator need;-wisdom, “the ability.to‘
19 see the longF}un;tonsequencgs of'current'action;, the
willingness to sacrifice short-run gains for larger long-run
s a 4
benefits, and the ability to 9bntrol what \is controllable and
. not to‘f?et gver what isigét.' (Ackoff, 1970,‘9.1) '
. o
Wisdom and the ability to gather relevant information
must be iptertwinea with the technical knowlédge necessary to
produce optimized modeisJEor innovation, models which pfove
to be pertinenp, relevant, and feasible witﬁ)regards‘to the
syséem inder study. But if the préctice of educational
jltechnology is to become succéssfdl; practitioners must be
knowledgeable on educational grounds because, first and
foremost, they must be researchers in educatioﬂ. Convincing
the conflicting parts of the system involved of the
importance of the innovation 5roposeq i:ant merely a result

. of superior rhetoric, but also a function Qf the soundness of

the proposals developed. » .

—~\ -’l .

e — THE FEASIBILITY'OF AN INNOVATION, .

‘ The feasibllity of an innovation, as was pointed out
A
. earlier, is a two-sided issue. First there is the political

feasibility, seldom dependgnt on factors under the

£l

I

¥y
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innovatér;s cént?gi-\and thus not amenable to an objective

and systematic analysis). The technical feasibility, on the——
otﬁér hand, is concerned more with problgms like the optimal
allocation of human and materigl resources. This concern Ean
Se better described as a scientific and sységmatic attempt to
avoid AQing Qtong things and, at the same time, to do right
things efficiently. Certainlg, the political feasibility
would rank higher than the technical one éhould a hierarcHy

be considered: the best égchnical effort yill not make

feasible a politically unEeasiblelinnovation. However, a
politically feasible innovation that lacks technic;l
feasibility could only lead ‘to aﬁ/inefficient implementation

if not to plain failure. Technical feasibility is a
necessary but not sufficient conditiop for an innovation's
successful implementabfoﬁ. ‘However, it is my‘poidtfgs)view
thaﬁQét is an integfai part of the eduéational technologist's

role to provide educational innovations that fulfill this

condition.

il

A

hd ~

- ET AND Tﬁé TRANSFORMATION OF EDUCATIONAL SYST%rS: THE
ALTERNATIVE OF TELE-EDUCATION |

5 . :

) -The transformation of an educational system’ is one of

the most demanding problems that an educational innovator
[

can face. ’ ’ o )
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The fact that most people living in the world tSday
,‘ M w : ‘.
have not had educatipnal opportunities khould not only be .
"morally repugnant to the educational researcher" )

(Mitchell, 1974), but is a situation tha_t"no society can

\ . éllow, if for no other reason than the fact that no -

-

AL o y A TIT
R o R s O el

econ'om,ic develdpment can afford to have a significant part .

.~ !

of its labour force ﬁﬁeducateé. In addition, no country

in the world can provide the education its pepulation

"needs By schooling alone (Gerin-Lajoie, 1971; Erdos, . N
. 1976). *he transformation of the school into a broader

N educational system concerned with many aspects of,

o v education, as well as featuring inngvative ways of

~

organizing it, is already a necessity. The role of
educational technologists in this transformation should be

.
a principal one because they may be one of the few

1

professionals aware of the need for this innovation as

well as §he only ones with the adequate knowledge and

.
S BN WL e Ity 1 i U RIS i s T 30 2 P ST MBS

skills t% undertake it. .

ety v, WAL LA i

One possible way of coping’with this problem.is the

gt

transformation of traditioﬁally school-based educational

‘ “ gystems into systems of distance education. Distance

S reducation has been defined as:
R4

a form of education where verbal

Bl

: instruction is limited in quantity and : .

» - - -
v

is confined to a number of intensive

e s

'per-i'odé spread out during -the term or .

f ’ - : .
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the academic year. -Qafween'these

periods the student works on his own
C .
s : but lcaf consult teachers by telephone . i

\
1

or by post (Willen, 1975, p.l).

. e
b

™

It is geneﬁélly accepted that dfstance education had its

roots in the correspondence courses that flourished after theo
/*first half of the last century (Rawson-Jones, 1973).

Although originally limited to vocational subjects,.
distant-study and correspondence courses are today offered by
private schools, industries, government agencies, and

universities in virtually any field from the elementary levél

ﬁo the postgraduate level (Encyclopaedia Britannica, 1980).

a

I

It has been recognized that two-way communicatioﬁ is an
integral element of distance education (Rawson-Jones, 1973).
This recognition is inferred from the importance 6f feedback
channels and interaction in any educational process. A
variety of'approacheé t6 providing two-way communication in

.distance education s?stegﬁ'have been p{opbsed (cf;z Flinck,
1975; Harris, 1975; . Lampikoski, 1975; Perraton, 1975). As
well, reports are available that- study the relative
effectiveness of diff;;git modes of two-way communication
(eg, concerning telephoné usag'e see Daniel énd_Tuqu, 1975,
and‘Fl;nck, 1978).~ Thus, a better definition of distance °

AN
education would not stress the lack of permanent personal

céntact Between learner and instructor as a feature of ’

-7
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or

' } I. v , o, - ) . N '
. s v . ) 't ) f . s . y
distant study systems. . Rather, this reduction in contact -

time is a consequence of the implementatlon of a general

pollcy in order to achieve a high~priority goal: offering

educational opportunities to leatners for which conventional
'

schemes are not suitable due to constraints of time and/or -
distance. M! Lamacraft has stated, "distance education owes
“its existence to the'economic and social impracticability of

r

providingiopportunities for attendance education for all ;
thosé who are required or who wish to learn” (Lama;raft,w
1975, p.42). Thus, a more satisfactory definition of
distance educatioﬁ is the one found in Daniel and Stroud:
nDistanée éducation describes situations
where teacheré and learners carry out

{
their essential tasks apart from one . »

another although they communicate in a

, variety of ways. The fundamental purpose

r .- ’of this approach is to make education
* more openly»and widely available by
- freeing students from constraints of time

and geographic distance (Daniel and -
Stroud, 19§p). Lo ‘

M %
. A - :

t

As in any educational system, the role of media in

distant study systems is a principal one. 1In this thesis a
broad'definition‘of educational media (like the one by Gagne,
1969) will be adopted: .they are those components of the

»

learning situation which stimulate the learners - in other
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é%otds, which communicate with them. According to Kozma et al® - .
- ' v . 1
(1980) educational media can be divided as regards

communication floQ inuf three categories:.one-way, two-way or.
. interactive, and self-instructional media.
One-way, or ptesehtati&nal, media such as
. , « lectures, fi;mé, televised instruction, books,

e

and demostrations are characterized by a flow

B T U P ENPS LSy

" +

of information from the instructor to the .
'\ ' o A' student without’reciprocity.‘ When _these mediak
\ - are employed, the student has\little or no

v ‘ opportunity to.influence the instructor or to

. change the message....twp-way, or inieractive,

e o Biaad, ez’ e awy Lo~

media such as discussions, games, tutoring,:
* . N
and role plays are reciprocal. Although they

are not as efficient as presentational media

I

in.transmitting information, they do allow the

o

student to play an adtive part in

o
U P VT P R

ey

- learning....to these two categories can be

o\

added a third élass of media - . , .
self-in§ttucti§nal media, which include
+» programmed inséruction, personalized
instructﬁon} apdio—tu;or%el instruction, "and o
.contract learning. While similar to two-way

media in being interactive, these types of

media tend to be more strluctured...[they] o

i allow.a student to proceed with learning at
his own pace and with his own interests,

¢ ' o - . ‘ L




.....

! independent of immediate instructional

’

Na supervision. They do, however, require a
great deal of planning on the part of the -

instructor, who must creat¢ materials“and

\

- arrange for other supporting resources (Kozma
(N1

et al, 1978, pp. 52-53).

v
aQ

T ept wt t  dy PN e T ST
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’
2

As compared to distance educdtion, tele-education, in
\ . , -
its bryadest sense, is the provision of education based on
self-instruction (Mitchell, 1980). Accordingly, a system of . :

tele-education w§ll use brimétily, but not exclusively,

R at s Wi ¢

interactive and self-instructional media+ Thus a distant

study system such as a correspondence course is an example of

”

a .tele-education system.

. 1
»
“

W S A o,y

However, tele—education is not restricted to distance r)

education. It is not necessary to have a physical distance

L]
<

At e

between th?;student and the instructor to talk of ‘ . .
tele~education. This erroneous implication is what

Rawson—Jénes disliked in the term 'distance education', that

-
Tl sl

. "it seems to put an undue emphasis on the distance between

the teacher and-the learner, but'i cannot think of a better

name for a multi-media.educationé; process in which the
ﬁeacher and the sEudenEﬂmay never meet in a face-to-face
situation® (Rawson-Jones, 1973). Self-instruction may well
bé provided in a Learning Resources Centre, either within the

ph&sical structures of an educational institution or outside
A - e, i

.

-
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.of ‘them. For example, a department within a university that

offers courses or parts of them through modules in an LRC

4

would be practicing tele-education. One example of a
tele-education development to meet the educational needs in a
dé{eloping countr} is found in the Mexican .Tele~secundaria.

The Mexican Government had available material resources

(rooms, broadcasting hours allocated on commercial TV

‘ networks, etc) but a shortage’ of secondary school teachers
Y

4

‘made it difficult to offer secondary education in many areas

of the country. In the\l960"s a solution was found to
parti§llyﬂalleviate this problem: a small team of secondary
§éh&bl teachers was hired to develop and broadcast classes, .
while "monitors™ (usually primary school teachers) would ‘
direct the activities in the classrooms,'mainly selecting the
channel on the TV set, directing the discussions therward;,
and collec;ing classrpom and home assignments. Besides
watching the TV programs (al%ﬁprogrammed by the planning
team) , instructional activities relied'heavily on students'
own work. Tele-secundaria proved to be a modest, but highly
Eost—effective, tele-education development (Jamison, 1977;
Jamis§n et al, 1978). ' y ’

, Planning, designing, and starting an educational sysfem
as a teie—eduqation one i; a task that has alreadx been
undértaken numerous times (concerning UK's Open University,

cf. Perry, 1975; McIntgsh et al, 1977; Hawkridge, 1978;

Harrison, 1980. For a discussion of the small transfer value

3 b
t

:
%
7
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-+ , the OU model has for other situations, cf. Mitchell, 1980).
b ‘ But the need for educational systemg featuring this new type

of organization cannot be dealt with only by creating systéms .

plannéa to follow this alterpative from theig inceptién.

More important, and certainly more difficult, is the task of T

. transforming already. existing systems into different
organizations, ready t; face}the future and to deal with the
problems already critical: "The consulting educational
engineer is not so likely to be asked to design an open 7
un;versity‘ag he is to transform an existing organizatioﬁ

' " into something more efficient or more effective” (Mitchell,

1980, p.9:4).

-

This thesis is intended to provide educational o
technologists, in their role as educational systems analysts
(Mitchell; 1975), with a possible framework and a methodology

. for undertaking such a transformation.

-~ THE RELEVA&CE OF MODEL BUILDING AND SIMULATIONS FOR

PLANNING AN INNOVATION —~

‘ R
— . . N

2
.

No substantial part of the universe

o
N

is so simple that it can be grasped
and controlled without abstraction.
Abstraction consists in replacing

the part of the universe under °

. g f
.
- ' ]
.
., .
N .
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.system”™ (Levine and Burke, 1972, p.6). Thus, the statement ’ ;

- consideration by a model of similar

but simpler structure. Models...are - %

) >

e - . thus a central nece551ty of -

(2 scientific procedure (Rosenblueth

and Wiener, 1945, p.316)

Model. building and simulation are integral to the
planning of educational innovations, as they are in any

systems ana1§sis and/or planning activities. Bfiefby,h

simulation is a technigue tHat involves sttting up a model of -4

.3

a real situation and then performing experiments on the ) !

‘model. In a more restricted sense, computer simulation is a
¥

o ‘
numerlcal technique for conducting experiments on a digital ’

computer, which involves certaln types of math;?atlcal and ;
logical models that describe the behavior of a system, or

some components thereof, ovér extended periéds of time

7S

(Nayﬁor et al, 1968). As for what is meant by a model,\

o~

"[although] the most common meaning of the term 'model’ fgund\

d&n the vernacular is the reference to the simulation of the "

physical appearance of an object...a more relevant

meaning...is duplication of the operating principles of a

of Rosenblueth and Wiener above may be extended to say that a *

e

scientific model is an abstraction of some real system that .~

can be ultimately used for purposes of prediction and

-

control. The purpose of a scientific model is to enable the

analyst to determine how one or more changes in aspects of a
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“
s
o '

modelled systeh may affect other aspects.of the systeﬁ or'tﬁe
system as a whole (Naylor et al,-19§8). - .77
‘ /
The technical feasibility of an innovation, as was
stated before, relies in the usa the system adalyst or

planner makes of the scientific method in his/her

undertakings. The scientific method has been summaéized

(Naylor et al, 1968, p.5) as follows:

»
[

l) Observation of a physical system o

”

2) Formulation of a hypothesis (or a

-mathematical model) that attempté to explain *

the observations of the system )
9 .
. N
3) Prediction of the behavior of “the system on
the basis of the hypothesis by using -
“ mathematical (or logical) deduction, ie, by
4 . '
obtéininq solutions to the mathematical model

or models

‘
1

4) Performance of experiments to test ‘the

validity of the hypotheses or mathematical

<

*

model

However, sometimes it is simply not Possible to follow

all of the steps outlined above for a éérticular‘problem or

oo

(R
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> .
system. When this is the case, some form of simulation may

be a satisfactory substitute for the step (or steps) above

which is causing the difficulty. First, it may be either . q

\ » N Q

impossible or extremely costly to observe certain processes
PR o .
in the real world. Second, the observed system may be so

complex that it is impossible to describe it ih termgwof a
set of mathematical equaﬁiona,far which it is possible to

. obtsin analytic‘solutions which could be used for predictive
purposes. Third, even though a mathematical model can be
formulated to describe some system of interest, it may not be

possible t> obtain a solution in the model by straightforward

analytical techniques, and in turn make predictions about the

14

future behavior of the system. Finalld, it may be either 2
impossible or very costly to perform validating experiments.
"on the mathematical models describing the systeﬁg Simulated

data can then be Jsed to test alternative‘hypoth;ses

concerning the future behavior of the system (Naylor et al,'

3

1968).

. ‘ /
On the other hand, simulations are also a poéerful tool '
when the engingering of a system, as oposed to simply 0 o

frediction, is involved. An example of this applicatidn can ‘

’

be found in the systems engineering approach to the design of

a
recmr

; an innovation, where simulations can be used t> plan system's

end-state {ie, "end" of a sequence of contrvlled

’transfarmations) and then to work backward to determine what

v 5? intermediate states or decisions or inputs. are neede@‘to

v o« o,

I | o

A
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" produce it. ' A . '
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" The relevance of simulations to studying the problem
ender consideration sﬁould now be apeearent. Ie Es certginly
very difficult to observe the transformation process-of an
educationai system. In this thesis my concern.is to promote

" that process'and gi{e it a'séecific direction by taking a

. particular educational system from a precise stagti;é point Q "

\ : L towards a specific desired state; ie, from_a conventional tox
a tele-education s&stem. Observations may be made on‘systeme
that,apéear simi{af in situations thetumﬁ esemble the one °
of inferest; however, the coqbinatioﬁ of a specific system
andqinnovat;on makes the process so unique that the value of E \

. . ° PR
conclusions obtained from observations of other processes is

minimized when compared to what is derived from a sfmqiation.

It is generally true foflsocietal systems 1like
educational onesé}hat once a proeess has sta:téd the system
will never recover its initial state; or, in other words,‘ ¥
‘ that 30c1etal systems always undergo dynamic processes.
Thus, the only way to predict a system s future behavior

under dlfferent innovative conditions, and the only way to

P

per form expetimeﬁts validating the hypotheses»undeflying each

IS

‘alternative, is by means of a simulation. Ce
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CHAPTER 2:,0BJECTIVES OF THI% THESIS ‘
A 4 - '
. & . f
This thesis offers an explanation and analysis of a ° -

technically feasible course of action for transforming an

educational system operating under a conventional scheme into.

W a6 Lt ekl 2o e il ey e R o e ) . .
- KLY 3 ity s - - Ehani b5 g kPR oo gt
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a tele-education system. . ‘
]
The main focus is placeENBh the,. initial step, once the .

) }
‘intention to start the transformation has been stated. What . 1
C e— ’ ? . .
then are ‘the assumptions and constraints that the educational o 4
techngldgist has to consider in order to produce a i
! +
technically feasible plan for this undertaking? o ;

¢ .
s

"
B

L}

Sufficient funds are seldom made available for an 1
. ) ‘ ] .
"ideal™ transformation to take place. For example,-~somé ]

particular media may have production requirements which are

so high in terms of time and/or money that they render the
- N i ' ‘e

A LI SR e 4

whole plan unfeasible.

o

\
It ﬂé possible to translate budgetary constraints and

]

educators'. requirements into a mathematical model, and then
\ ' :
to discern what modifications to the educators' preferences

could be suggested in order to obtain a starting framework
4 ore ‘

-

for a feasible and optimized plan. Feasibility here means

' respecting educational and budgetary constraints;

optimization refers to either minimization of costs or

v

-




maxim;zation of educators' requirements met, within the given

constraints. )
"
This thesis sets up an initial framework for planning
the transformation. It is concerned with the system as a
whole and not only witﬂ the microenvironment? That is, it
d&es not address” the problem of a single instructor wanting
to change a course into a distant study course askind'for an
"optimal™ way of making this fransforﬁation. Rather, the
.

concern is focused on the transformation of an ‘educational

A

v

system, composed of sgveral such microenvironments, into a’
tele-education system. As well, this thesis ié concerhed
only with planning the first step er an innovatioh, That
is, it deals with starting budgets and instructional material
production (as opposed to reproduction) ‘costs; and it outputs
a set of parameters to be used in the implementa%ion of the
initial step. It often happens that an organization ehbarks
on the implementation of a plan without having disqgssed many
details and implications of it. Were it just for the help it

gives in clarifying tgese points before implementation is
1Y

undertaken, the procedure suggested here would have a great

value for g";ems analystses But it also serves as a

-

. "
framework within which to negotiate 'the trade-offs between

budgetary constraints and educators’ preferences. Used as a
simulation médel, the effects of changing some parémetérs can
be studied not only for their implications on plan’'s

feasibility, but also for comparisons (eg cost-effectiveness

i, ety Jatsien s
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18 .-
type of analysis) between different optimal solutions
. '\ ' .
corresponding to (input) situations.
‘ » . The presentatioh takes on the form of a paradigm, but

the assumptions made concerning the initial conditions of the

’

P ' system are so general that they would fit most situations.
2 : v
The method outlined could be easily adapted and implemented,
- at least as a starting point from which to undertake the task

of trangsforming- a system.

-

<

gv
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CHAPTER 3: IDENTIFICATION OF_THE PROBLEM
Let us consider an educat%onal system which is organized

to Jfﬁer a number of one-term courses (multi-term courses may
be considered as the equival;nt number of one~term courséS).
Each course is given a number of credits refleéting the
amount of time the student ié supposed to spend doing
course—Qork; eqd, a J-credit course would require a total of
135 hours of student's time in cSurse—work on the basis of 4

; ,

hours per credit.

9

fhis educational system- operates -according to a
conventional scheme; that is, each course is lectured by a

t

professor and studerits have to attend the lectures, as they
e
constitute the primary source of information about course
contents-and"requirements. There is, roughly speaking, one
hour of lectdre per five hours of‘student's course-work time.
Given some specific (budbetary)'éonstréiﬁts, is it
possible to develop a model whereby:
A) a feasible (optimized) plan to achieve the
tranformation‘bf this educational system into
' a tele-education s§stgﬁ can be deduced, and
B) the effects of changes in some pagameterg
on the plan's feasibility can be studied, in

order to analyze the cost-effectiveness of

different input sjituations?
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CI:IAPTERU 4: THE MODEL ‘ oy
.

+  The &odel offered in this work was first proposed by the
writer and fellow students (Brassard et al ,1980). This .work
' proposes an extens\on thereaé, following the general pattern
of Mitchell's KWIK Bystems Planning Method and ATED Sgrategy,

and constitutes a possible course of action for the

operationalization of them.

- MODEL'S CONCEPTUAL FRAMEWORK: KWIKSP METHOD AND ATED

4

STRATEGY"
Clearly derived from a'systems aﬁproach to the
transformation of an educational system, Mitchell's method
énd strategy are intended to help in the development of a
me. Briefly, the

self~-instructional sc steps of the

KWIK (Knowledge, Wilynesg, Ingenuity, an¥ Keynote systemic

r h Y
perspective) method are (Mitfhell, 1980, p.9
A) clarify the reasons for the existence of
the system and do so ffom dif)erent

perspectives;

B) clarify the systemic objectives: what

ekactly is the nature and scope of thé probiem

2
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you are  trying to selve or the system you are
. . ‘ e

° »

to produce;
C) examing and account for constraints under
which you or the system must operate but

Y E

beware of imagined constraints;

D) evaluate the resources available to you;
E). create an idea for, or a model of, a
feasible sytem or process which is suitable
for achieving all or many of your objectives,

given your resource constraints;

F) if resources permit, try to identify
‘'several models or courses of action and select

the best in the commonly recommended manner.

However, Mitchell states, 'don'tvfret if you

produce 6n1y one all—encompassiﬁg idea.forﬁéﬁ\\

educational sYsﬁeq‘—— provided that £he
dominant systeﬁiC'ideas are clear, that
;maginétion has been used creative;y}'that
your knowledge base 1s’broad'as well as deep,
and that the resuiting system can be described

@,
alluringly to clients and users."”

Concerning the modification of an existing instructional
7r
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providing a system for tele-education that "exploits thé
;o

0y

sys.tem into a distant study system, and within the cofdtext of
KWIK method's fifth step, Mitchell has proposed a simple
strategy to achieve this transformation. The ATEDS

(Autogenic Tele~Education Development Strategy) aims at

existing classroom-based operation and relies on inexpensive
approaches to extend ti\e institution's services™ (Mi‘tchell,
1980, p.9:13). Briefly, he proposes to start with the -
existing set of procedures, lessons and materials wf}th the
intention of gradually tranhsforming most lessons into

Self-instructional modules. A topic analysis would assist in

deciding which are the essential, desirgble, and optional -

~ topics with which a student should be familiar. Next, a

-

curriculum map can be prepared after which instructional
modules are developed to operationalize that curriculum.

Special emphasis is made on recognizing the need for human

contact by identi fying modules that require group actiyities,

Finally, an ongoing evaluation.should accompany the .

implementation of the system and its component subsystems,

In many situations one can discern on the curriculum map
(or curriculum reticulated network) a set of nodes belonging
to each of the "conventional® courses, so that a clustering .
of nodes into courses can be made with little or no conflict
\(eg., ‘overlapping) between them. This may well be tixe
s-ituatiori in a deparltment 'of education within a university,

.

, : o ,
where different coursés already tend not to cover the same

¢
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- Lo topics and where prereql;isites for a specific coulse are
normally offered in pthér courses. Thus, ngtwithstanding the’ ’ =
conceptual and practical advant'ages‘ and the educational
p importance of working out a topic analysis and a subsequent
J F\urriculum map,‘ ;an\Q;\tructional médular i zation program may
é'i;e started with'the already existing courses. The
"instructional medule's devél?)pment.can then be baseg on
approaches 1like, thép of Dick and Carey (1978) or the .
Student-Centered Self-Instruction Module (Mitchell, 1980). ~

In either case, among the many outcomes of the instructional

"analysis the following are of special relevance:

By

- each course is broken down into a series of o
! » - ' ;
instructional units or modules (viz., the ™ /

nodes in Mitchell's curriculum map) , which : ¢
- < —d? f
form a logically structured sequence of , , :

sel f-contaired material; e :

_ .-
A

. the (instructionali outcomé of each module is

clearly specified;

&

N

entry behaviours and characteristics are .

specified for each module;
‘ .

o

o

T s Wt o 0z el 6

an instructional strategy‘is chosen and
- followed throughout the design ¢f.the

instructional unit;
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f

-~ instructional materials are developed taking
into account the spécified input (entry
skills) and output (desired outcome) ‘while

following the chosen strategy.
- 3 o 2

1 *
- INSTRUCTIONAL MEDIA SELECTION FOR TELE-EDUCATION MODULES

5

I((a sense, planning an instructional module follows’ the --
14

general- pattern of ‘a needs assessment {cf Kaufman, ,19—72',"'

@

1976) : the learner is taken as a "cognitive system”, whrose
actuallstate (input) .is assessed, the desired state (output)

is specified, and a set.of proqesses is chosen for the

part'iéula'r situation appropriate to the transformation of:

o

input into output (instruction).

One important point in this approach is that the process:

of instruction depends not only on input and output but on
the particular situation of the system/learner, a fact that
would be reflected in the selection of instructional
_strategies and in the development of materials. Thus,
distant study programs will rely more, but not necessarilfliﬁ
whole, upon instruction through media different than upon
student-teacher (eg, lectures) or stud.ent-stu'derlth (eq,

sem'in'ars) contact. For instance, a mixgure of inedia making

<
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5

embhasi; on print was decided to be most adequate for the

. Mexican CEMPAE Model for Educational Open Systems (Qﬁich is .

actually being applied in the Primaria Abierta para Adultos .

. Jo. -
and 'the Preparatoria Abierta projects): ..

Despues de analizar cuidadosamente los
oaracﬁére; psico-sociales, economicos y
‘culturales del medio en gque comenzaria a
operar el oodelo, se decidia qoe el
material escfiéo seria el recurso mas
importante para el‘aprendizaje, que'la
asesoria'recibiria una. atencion especial
y que los medios audiovisuales (TV,
radio, etc) realizarian funciones de
apoyo a los contenidos de los libros '

(Contreras et al, 1977, p.ll).

‘_ﬁowever, one must not forget that personal contaot, ao
an,example of }nteractive media, is an essential ingredient
of ény educational systeﬁ: 'the.introduotion of a sysfematic
approach...is 1ntendgd to facilitate learning, to increaoe
effioiency, and abowe all, to.supblement and aid instructor%{
not to replace them....{becausef the 1nstructor constitutes
the break in an otherwise closed system, and controls the
largar process of directing the learner's progtesg; (SChmxd

and Gerlach, 1977, pp.2-3).

AN
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The: problem of deciding what mixture of one-way, N

i\interacti‘ve, and self-instructional media to use in a

tele-education system i{s by no means a simple one. From a
philosophical point of view it appears that a mixture of
them, rather\than deciding for one sink;le strategy, is the

only acceptable possibility:

.aL'auto-education refuse la contradiction
“dialectique en .mettant 1'em;;hase sulr le sujet,.
Or, le sqjét n'existe que' par l'univers, que

par les autres, ‘Cette conception de ‘
l'autp’-educat_:ion' apparait donc comme etant
ir{cémplet“e , voire: reductionniste. La
"bedagogie ro'gefirenne et la pedagogie inspirﬂ,ee
‘de Summerhill mettent l'accent sur le "je" et

. oublient 1'univers, dimension toute aussi

importante.

-

. D'autre part, la pedagogie systematique et 3.:3
pedagogie. institutionnelle ”‘negli?ent la
ron ¢ '-nce individuelle en mettan\t 1'accent"
- soit sur lg pfo'fesseur, ;soit sur le _conteriu,"";
' soit sur l'instii'tt_xtion‘scolaite, soit 'sur la
classe ou_vr:lerej.‘ L'hetero~edication est une

forme de reduction de l'education et ne peut

etfeA envisagee ‘comme une philosophie qui rend

* ' compte de tous les phenoméneé de l'edﬁcation..

R

- \';:{,,'

PR,

ST PO
-

{
f,
L




Gy . N , be e e D T S B S T T L

v , | . S , '
. ! : . . I
///ij/// Il nous faut donc depasser cette antinomie

\ .
* o apparemment irreductible. Le depassement ne

sera possible que s'i1 y a mediation 4%
« 1'auto-education par 1'hetero-education et
viée-Versa. Ainsi, L'Qn devient le cqntenu de
P 1'autre et cela modifie completeﬁent les
- perspectives. L'individu se centrera sur.le
developpement de la co}lecéivite, des autres,
et de 1'univers; ii en}rainera naturellement
I{auto-dévgibppement de 1l'individu. La

collectivite ;e\gent;era~sur le developpement

»

de~l}individh,eéhirqfitera ainsi de cette ) coo

<

" evolution de la conscience.  La centration sur
@ soi, é&'on essae d'eviter par cette conception
de l'eﬁucation, entraine lnevitab}ehent une
’ ‘ . . regressiop ?Bertrand, i978, 5:153). .
<:{ . As well, from a practical po}ﬁg of‘viéw it appears that
the mixture should be changeg con#tantly_to maintain a
. 'perﬁanent Hawthorne effect®. But a recipe to obtain the ~_/t}'r
. right mixture of independence and 1ntefaction'§or‘the ideally
cost-effective and educatippél}y efficient remote-iearﬁing
\ System’ is impossible, "simply becausé ; system .can only be
conceived in relation to the couhtry and coﬁtex; in .which 15

‘ . R , .
" is set™ (Daniel and Margquis, 1979, p.4l)..

O

-

As a result of instructional analysis a number of
N ' /l
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modules can be planned for each course, where the number of

student work Hours,for each module is specified (adding up to

the number of stofent work hours per course plus lecture

ﬁours originally allécated), aﬁd the number of hours needed

for insgnuction throuéh different media is made explicit.

The proposed model is designed such that any number of . ‘ -
o '8 .

" instructional modules can“be specified. | -

-

The selection of an instructional strategy and/or:

-

instructional media for a particular situatioﬁ'afe still

questions with no definite answer; Geherallylspeaklng, given
N ‘

the'f@put to an instructional process and a desired output

"there is no single set gf rqles to decide which Instructional
'strategy would best assist in the transformation of ihput (/‘
into ohtput; there is not even sufficient infpgmation about

'ﬁbe efficiency and effectiveness of any single strategy. ) i

similar conclusions can be drawn from a review of the 1
relevant literature on media selection. A first
consideration is the problem of different learning or

4-co§nitlve'styles;"Research has been done leading to the

accéptance of a_varie£y of styles of léﬁrning as qg integral
inpﬁt to any instructional process. However, little |
‘ag:eemeht:exists as to-what\these'cognitive styles are (cf.,
Pask, 1976; Entwhistle, 1979; Jonassen, 1979), and evén if it
;s possible to distinguish ; ﬁefsén{s‘cogni?i;e St§1e in any

given category, the gquestion still remains as to whether a

g a -
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person's cognitive.style is immutaple\(Nunney and Hill,

'1972).

) ,\' ) 4
" Not only is there 2 lack of consensus_as to Qhéﬁ the

diﬁferént learning gtyles are and‘how to assess the style of
a particuLaf le!;ner, but intertwined with this is the
prsﬁlem of developing different instructional strategies
d}recéed to satisfy different cognitive styles. One example
concerning the production of instructional materials is found
}q,iﬁstfuctional media selection,‘whexe *so liitle research

L héstco;sidered‘thz ggle of cognitiée,styles as predictive

. variables. The ability to predict the efféctivenesg of

various media, modes, Snd/or symbolic codes with respect to

_spécific learner gypeé should presgribe the future of media

- ' research" (Jonassen, 1979, 9123)-

Instructional media selection based on students' ‘
.characteristics was anticipated by Gerlach (1966) when he ’
B g © proposed a response-oriented approach rather than a
stimulus-oriented one, the response—oriented approach clearly
-involves studying the effectiveness of different ‘ <

instructional media fo: different cognitive styles.

“

'Thislapptoach is in agreementlwith Nunney and Hill

(1972) . 4n that.'by using cognitive style mapping we cduld

determine which students can and do learn bettey from TV, for

i , example,' and ,by implication, that *different elements of

. . . "~
i : . o .
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Educational Technology can be used to insure success for .
certa%n iﬁudents; [but] none is superior for all students."”
As Sleeman et al (1979, p.v) pointed out:
each learner has individual needs and is
different from 'other learners. Under
sereudipitous con&itions, some learning[

, ‘experiences may be effective for all '
learners. Success is achieved when the -~
design of the learn{gé experience is ‘
gpecific to whatever the learner

" requires,

This is indeed a tremendous task to be uhdertaken. It

A . requires much research, and the results would ﬁkty likely

imply costly'prouubtion programs. This is why educational
technologists have traditionally adopted a more political
attitude designing "feasible"™ mudia pr;grams, like the Open
University one where questiohé such as "how many half-hours
of television to request for a couréé just being designed™ = -
(Schramm, 1977, p 20) characterize the 1eve1 of discussion.
This attitude is based on beliefs like 'students learn from

. any media, 1n school or out, whether they.intend or not,

_whether it is intendeu or not that they should learn®™ »
(Schramm, 1977, p.267). As stated abové, these statements

are being questioned in the light of recent research results.

£ -

Thus, although it may be acceptable to say that until more

inﬁormation is available, problems may be coped with by

LS * .

o
i
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designing politically and administratively feasible programs

as best we can educationally, it is not possible to praise

subordinate educational aims to other\factors. Rather, the

<

need for more educational research evidence must be T - P

'

H

recognized as the only way to develop sound media programs in

»

»
LI At T ’
ey - o T

the long run,

~t
o

Criteria other than intrinsic learner characteristies .
have also been ;ons}dered for media selection. Kemp (1971;
1975, 'p.49) has presented an algorithm intended to, help in
‘this'selectidn, primarily based on the ins;fuctional

designer's assessment as to the. most efficient means to

U5 T b AR BT T AT Y SR e L a0

¢onvey the information to the learner. Three differéné

situations (independent study for independent learners, small.-
group interaction, a;d presentation to regular size class or . i
latée size group) are considéred. In any one of them the i

designer has to decide what kind oé, and in what form, .. ' ‘4

experience is required for,ihe instructional communication; . k‘ ; -

the algorithm leadstthe designer to the selection of one

.. group of instructional media . ’

Allen (1967) provides a method for selecting media baseq
on the instructional designef's assessment of the type of
. learning jnvolved. He considers nine different types of [

media and-six types of learning and classifies the different

matches between them into low, partial, or high proficiéncy.

v .

Y A e
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. a main determinant for media selection. In their work

" cost-effectiveness refers to a statistical assessment (eg.,

as a definitive criteria for selection has been challenged

P.57). It is interesting to note that some researchers have

This method was extendedkby Lonigro and Eschenbrenner (1973)°
' g
who included productioh costs of instructional media

(measured as high, medium, or low cost) to-produce a "game
Y

board" for media selection.

As a guidg for future resea;ch, Johnson and Johnson

(1970) and Goodman (1971) héve stre§sed cost-effectiveness as o

which of the available and cheap A/V materials would better
satisfy the average siudent), and- no practical applications

are offered. However, the value of media cost-effectiveness

gy p—

o

4 4 .
because "there is no one best medium and as several systems ‘ NN\
may be equally effe ve, the final selection between systems g
should be based on ex ernal considerations such-as cost,s

L4

availability of media,/ and user preference" (Rodwell, 1978,

found that strong user preferences for media do not  appear to

-

influénce short-term learning outcomes (Beéker, 19635'M111er,
1969), although the learngr{s attitude to method of

instruction may in fact influence.learning outcomes over

larger periods of time (Palmer, 1975). / S
. Needs assessment has peen proposeh by Hug (1975) as a v
planning tool that can help develép a media progrqm.; His" |

main\inteiest is to develop an educational\media program
o .

.t
-

v [N
1]
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completely integrated within a school curriculum, which in

tufn would be "based on social processes and life functionst
(that] would reflect the values and needs of fhe existing -
. social 9rder. [{Thus] the task of the schools would be t;,w .
“ .prepare student§ with the attitudes énd skills nécessary to
.U participate in society." Although this conception prov{des an
interesting rationale for chrriculum design and instructional
medi$ development, it assumesﬁthat in;trgctional media
» selection is not based on’particula; considerations such as a

\

module's instructional design and the characteristics of the

DALt e Aert £ aetrmn AT P e &

learners fqr which the material is.intended.

N \ Much more relevgnt for planning instructional modules in
/a tele-education development program is the approach found ih
/Kozma‘et al (1978; pp;52-65). As was salid beforé, they
classified instructional Media-iéto one—way,‘inte:active} and
self-instructional types. In agreement with Tosti qnd Ball

-

(1969) media also vary in the way they perform three N

i s W i

functions critical to learning: present a stimulus, require a

response, and manage the immediate instructional environment.

The way,eacﬁ.medium performs these functions, they state,
will determine the instrU¥tional task for which it is

‘ appropriate. Accordingly, Koima et al (1978) offer tables

presenting the features of each one of seventeen selected
media, representative of the three types (one-day,.
interactive, and self—iﬁstructional) available, under each of

the three tasks (stimulus encode, response, and management).

-

v i i}
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’
The £final ;electioq of an instructional mode, they claim,

should be based on the stimulus, response, and management

'
demands of the task and the students, and can be assisted by
the use of their tables,

Let us assume that within the instructional modules

development program a selection of'one medium per module is

"made following .the criteria in Kozma et al (1978). The

subsequent task of actually developing a module is then left
to the instructional designer; whether s/he is a teacher, an
inxérn, or ah expert, it is by no means an easy ohe. As
Erdos (1975) has pointed out, "in the distance teaching,
situation the tutor preparing the presentation of teaching
material [often] lacks the stimulus of the presence and
immediate reaction of his students. He has to try to place
himself in the position of the distant léarner, and imagine
Qhat his reaction will bg.\ He has to avoid monotony in
presentation, and devise techniques of preventing the student
from sinking into a passive state in which heuassimilates

little of what he is trying to learn." In a word, the

'tele-education instructional designets have to be engineers

more ‘than being artists or sclentists. rather than looking
for the most beautiful or the best kind of instruction, the

challenge is to be as creative and wise as possible but being

-

effective ndﬁ and with -the (limited) available knowledge and )

resources. N . )
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~'TO ADAPT OR TO PRODUCE MATERIALS?

L]

Oncé the idstructional analysis of & module is performed
.and the characte}istics of the instructional materials needed
are establish;d, one may well ask if some of the materials
avéilable in the (fnternational) parkgt'could be adapted to
the particular sttgétion under study. In.my opinion this
will seldop pe the case. ‘In the first place, th? outcome of
instructionai‘analysis depends strongly on features that are

AN

peculiar to the situation under study: education, cultural,

-~ el -

and social characteristics of the target population, entry 2
behaviors required, precise instructional outcomes sought, as

well as individual instructional designer's "style”, may

result In specific requirements that could Bnly be met by .

instructional materials developed to those ends.

: ‘ Secondly, administrative‘procedures‘may hinder the use

L/As : of available funds to ﬁurchase and adapt materials.

e

i Administrators are usually reluétqnt to allow some
flexibility in the application of a budget whereby certain

part of the funds allocated, eg., to human resources could be

']

useéd to other ends (like purchasing materials).

However, assuming that one could find materials which -
seemed adequate from an instructional point of view for a

\
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given module, and assuming possible and desirable to purchase

‘them, it stiil has to be decided whether the alternative of
‘buying, revising, and adpting material is more cost-effective

than producing it. Stolovitch (1978) has developed a

four~step'decision model ‘to this end:

l) Estimate investments to produce a Revised
and a Ne&lmaterial in terﬁf of Cost, Time,‘a;d‘
Human Resources needed. Let us assume,
follo;ing the example offered by him, that the

eqki?ates lead to.the following figures:

Revised New .

Material 'Material

' Cost (§) 2600 - 3500 ' .
Time (hrs) 100 75 '
'HR (#) 20 . 30"

. 2) Reduce figures for revised material to an
, absolute scale, dividing each line (ie, Cosi,
Time, and HR) by the corresponding figures

under the New Material column:

r
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/
. «
\' : Revised Material
e .
. Cost © 2600/3500 = 0.74
" Time 100/75 = 1.33 ..
’
HR . 20/30 = 0.67 J
3) Assign weights to each factor, 'such that they add up to ‘

10. Weights represent the relative importance of each
factor, and this ésqignment necessarily involves a subjéctive
element., Let us assume that weights are "guesstimated" as .

5,2,3 for Cost, Time; and HR, respectively.~

4) Calculate the Relative .Investment of revised'material

multiplying each of the absolute~scale figures fdr each

! factor by its welght and ;dding up the three products. -If
RI < 10, then purchase, revise gnd adapt the material; =
! otherwise, reject it and search fof another material or
desigg a new one.- Ih our éxampIE? ‘
"RI = (0.74) x 5 + (1.33) x 2 +
. +(0.67) x 3 ='8,37,

which is less than 10;, and thus this hypothetical material

cPuld be accepted. Of cour se, tﬁe closer the ﬁI moves toward
.10, the less:cost-effeciiyé the purchq;é, reviéion, and
’adapt;tion {?. .

™o

c e N . -

A

Inngﬁis thesis the assumption was made'thai all «,. -

PR




materials would be produced. Apart from thé'reasonsﬂgiven
above, the undertaking of .a produefion program has an utmost
value for the particular situation studied in the next
Chapter, - as it constitutes an essential learning ex;efignce
;or the people involvgd. '1f, however, in a practical
application it is found to be more cost-effective to adapt
éo@é materials than to“pfoduce them, the foliowing two
) ;onsiderations have to be made: first, substract from the
budget originally available the total needed to purchase,
revise and adapt those materials (and consequently, develop a
; p;an to implement this revision allocatingithe necessary
'resoﬁrces for it); and second, for each course wﬁere revised ,

o

materials will be allocated, substract from the number of

O

required hours of 'instruction through each media the amount . !
correspond ing to'revised'matérials. In other words, .

establish what is the budget avéilab}e for the production

pfogr;m, and determine the actual ;eeds are for material to . . }

‘be produced for each course.
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~ DETERMINING. PRODUCTION COSTS FOR MEDIA-BASED & T

INSTRUCTIONAL MATERIALS REQUIRED

Once the number of reqﬁired hours of instruction’pér
:course throﬁéﬁ each one of a set of different media is known,
the next queséion the educational systems developer ha§ to
answer refers to the feasibilfﬁy of the implementation of |
that modularization program., - Specifically, if one knows that
in general instructional media pfoduction costs are high, and -

that in most situations proposed budgets for such programs

cannot be afforded, then what are the courses of action

\
available to the planner?

The approach taken in this'work involves the
optimization of the modularization—budéet constraints déihg a
éomputer simulation. Let us éssume that the number of hours
of different instructionql media required per.course is QF
conceptualized as an element'of a matrix, where diffe}ent

xows refer to different courses ‘and columns to media; see

P
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FIGURE 1
. DEFINITION OF A MEDIA-MIX MATRIX ' i
AY
MEDIUM # ,
1 2 3 e le m
COURSE 7
1 X1 K Xy e K
1 »>
2 L Xy X, Xy Xy |
3 X317 X33 X533 Xim
b ¥ar a2 43 LT
. 2
a X, X, X, D X

, NOTE: In this figutre a media-mix .matrix iswshovn where
1 different courses and m different.media are considered.

5 - . For example, the element x23 refers to the numbef: g

i . hours. of instruction required in course #2 through me-

dium #3 (say, Television) . r
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Q According to this, the sum of the elements within a

given colum wou}d equal the number of toﬁal hours of

instruction| through Ehit specific medium required bx/yﬁ?k'//.

program. d the sum within a row would equal the number wf

totdl hours ofndifferent media reﬁhired by a particﬁlar \
‘ ' 3

course; see Figure 2.

¢ ’W N .
\ ’ -
1
+ ° t r .
o %
- \\ . g.' 4




e L e g 0

o vy

2

=

=
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FIGURE 2
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IN A MEDIA-MIX MATRIX

3

42 -

)

A(
MEDIUM # 1 2 -3 e n COURSE HRS, TOTS,
COURSE # . .
1 S S S B, .
2 %21 %22 %23 ¢ 0 0 )
N X3 %3p %33 0 - Xy "y
RS Yor ®az ®az ¢ 0 0 Eug Hy
¢ AN
. N P I
4 . .
a X1 %a2 %a3 o0 0 .xnm . %
L] i
MEDIA TOTALS M, M, Mg ... M ,
N
6 ya )

trix of figure 1. For example, B,

of instruction required by course #2

NOTE:
{

>

‘Rov and

column totals were added to the media-mix nma-

o

sidered, and 18 obtained by computing tﬁe sum nz-x21+ x

epresents the number of. hrs.

N

rough all the med;n con=-

22+ L) .+x2¢-<

Similarly, Ha'iu the total number of hours of instruction through

medium #371in all c&urqal, and is obtained by computing the sum

M

3

= X..+X,+X

13

23733

+X

43

"y

+ LA B J +x
n
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productioﬁ of each hour of instruction through that v
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From riow on, production costs will refer to map-hours

needed to produce one hour of {nsttuction through a )

; ~

perticular medium,-and will include some fixed costs for

materials used and chilfties rented for the production of‘ -

v
that unit hour, as well as pre-production costs such as

research\into the subiect, analysis of topics, etc.
~ o
™~

If one multiplies each column sum by the cost of

particular medium, then the sum of all such products would

give the total cost of media production for the program, see

<

Eigure 3. ,
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v . .
5 TQTAL COST OF MEDIA PRODUCTION
{ , — l
{ < 4 /
v . o !
; J 7 , ,
Media Totals. ' )
Ml M2 M3, . . e Mm
. " Media Costs Cy c, C3 Ce Cn
~§ TOTAL COST -
i
£ : . . -
oy . PER MEDIUNM M)*C; My*C, Ma*Cy . . . M o*Co :

PP,

NOTE: ‘To the media totals in Figure 2 the unitary production
costs per medium were added here. f&ial cost of the

production program per medium 1is. calculated nmultiplying:

x

medium total times the cgrrespdndihg unitary cost. For

exa@ple, the total Eost of production for meaium #3 would be

‘
1 ° H

\ . MZ#C3. . N

N

The total cost 'of the production program would be
. ) . K
calcutated as the sum of total costs per medium, ie, ’ ¢

.7 TOTAL COST = M1%C1 + M2%C2 + M3#C3 + ... + Mm*Cm - .
© B - 3

L)
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‘fwo difficulties arise at this poipt; Fitstc tﬁéqlatter
statehené is not rigorously true although,iﬁ Eonstitutes a
fairly acceptable approximation. It is genera11§ found that
instrugtipnal media producers tend to spend mé;e’man—hours
,:n ' producing the first units or modules of a program than in the - e
a* production of subsequent ones. Tl;us, it is not exact_ly_ true

thét the cost of producing, .say, 30 hours of instruction

through film equals 30 ;fmes the cost of prodicing one hour

of film. In fact the problem rests upon how to calculate the

i

LT PP W

anit cost of production: the avérqge unitary cost would be

differentuif we talk of producing a few hours than if we are

considering a massivé production. However, we may regsonably

e

assume-that if the production program is given to a group of
'témb;tary producers”™, none of whoﬁ will stay in the ptogray‘
loﬁg'enough to produce large amounts of instructional hours (
throdgh one particuiar ﬁedium, thennthe average unitary

production costs.cén Bzéiairly well‘approximated and

considered constant fprftherwholb program. The same caﬁ be

said if the prJddctidn program is given to experiéﬁcgd

'broducérs, the differencéﬁbeing that the average uﬁitQIY"

¢ ‘ production cost would most probably be lower in the latter

{ : situation than in the former.

N
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The second and more difficult problem refers to

L M ,
determining the 'actual values of those wnit costs of \ .

9 : production. Most literature in medid costs deals with

o

* reproduction, rather-than production, ‘costs (cf., Kemp, 1975;5

i
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Bancock,:1977-\aamison, 1977°'Uamison et al,1978; Schramm,
1977) . Little relevant literature is’ available, ‘and most of
it is rather imprecise or non—quantitative. For example, a
common practice is to classify media production costs as
high, medium, and low (cf., Lonigro and Esqhenbrenner,*lQ%d).
On the other hand, the few quantitative references ayailable

\

tend Ro give rather vague\indications; for example, Chambers .
and Sprecher (1980) report.courseware developing cost for CAb
ranging frbm 50 to 500 hours of preparation to produce one .
hour of student.CAL contact time at. a terminal, with 100
hours appearing to .be the most widely accepted rule of

thumb®- (p. 337).

o

. .. The latter is an indication of the difficulty found.in

quantifying production costs: beyond ranking them on an
ordinal scale little can be done with respect to -
generalizable quantitative assessments because production
costs vary from one producer to another. 1In other words, the
quantification of production hours depends on intrinsic
characteristics of the producer or production group. These
characteristics, bowevet, cannot easily be—;easured
egperimenteliy because that would increase considerably the:
costs of the whole qugram. Rather, an assessment,can be

obtained from people experienced in working with similar

production groups, and utilizing that assessment as an

objective to be accomplished. if an hour of printed materia%

P

was planned to cost an averaqe of 40 man-hours to produce,‘
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then the producﬁion program should. be Qanaged so as to keep

within this norm. This épproach.will be followed in this

thesiS.

IS

~ OPTIMIZATION OF THE MODULARIZATION-BUDGET CONSTRAINTS

There are several procedural possibilities suggested by
the model proposed in this thesis., If the total cost of
media production is affordable within the budgetary

constraints, media hours can be allocated to each course as

- the instructional development program had planned. However,

e

if the total cast of prodhetion surpasses budgétaty
constraints (which is most probqble){ then a modification of

the goals set up by the modularization prpgtam'will be needed

in order to reduce costs; but a trade-off °is required between

goals and reéo@tces. .
A first approach to this modification is to minimize the .

total costs while preserv?ng the‘ﬁotal number of media hogzs

ber course, 'This approach s;ems most appifcablé when there

is no specific budgetary.upper liﬁit; for example, when med}a

production will be undertaken by interns in an ‘ . |

Ed. Tech. program, where monetary compensation for labour is .

not required but dne is still interested in ﬂihiqizing the

total man-houré needed for production.
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It may well happen that after minimizing the cost the

A
\

\ p;ogram stilL surpassés'the budgetary constraints; it may

. ?ifo be tﬁat the'budge;agy consﬁraints were established and
£ ‘ ukhown.from the beginning. In those si;uations it seems
better to adopt another approach, max}mizing the total number
. of hours of instruction lprough media that one could afford

within ‘the given budget.

In each of the two alternatives mentioned above, some

B » .
considerations have to be made concernfhg global media-mix as

well as minimum and maximum hours permissible per media.

These would be reflected in the set of constraints for each

optifiization: problem.

-~

From the outline of the possible situations above, it is

P S A b

clear that a linear objective function and a set of linear

E

q:nspraints can be identified, méking each amenable to

, ' formulation as an LP problem.

1)

Génerally speaking, linear programming (LP) is:

B ot e
t

a mathematical téel for allocating scarce

‘resources to competinﬁ depands for them.

T Th

;t helps one to!find the besf value for @
the total outcome of one's decision while
simultaneqpsly'satisfying seve}gl
requiremenislimposed by the situation

> . (Mitchell, 1974, p.l4). ‘ e

[ . : : o
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'decisions. The description of, a process or complex of

" (presumably) essential for the desited description. Next, it p

coefficient (representiqg a "unit cost” for that activity)

"linear combination of all or some of the actitities. ' The

———— oy
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As any other Operations Research (OR) technique, LP

emphasizes systems analysis of ongoing operations at a molar
level while focusing on the function and structure of a

system to obtain information to guide policy and operational

interrelated entities t&bically requires the construction of

FIEI

some kind of representation or model .of it; predicting and . ‘ *
comparing outcomes of alternative strategies or explanations
which mlght occur Iin the real system can be accomplished by

"y

conducting experiments (viz., simulations) on the model

e A, X M Sa e e el T

{Mitchell, 1974, p.6).

{

-

o SR KN

In the specific case of LP, a process within a system is
described by means of a set of variables (activitles), which

represent quantiflable elements or subprocesses that are ' . )

oY ~ Y

is assumed that the process of interest can be described as a

s

linear combination of the activities, which means that the
process will be represented as a function of the set of

activities where each one of them is multiplied times a

and all such prodhcts are addedlup; This function is called;
the Oejective Function. The aim in any LP problem is to
optimize, ie., either maximize ot minimizp, the objective
function when the process is restricted by a/ set of y

conditions (constraints), each of which is represented by a

L .
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"solution® to an LP problem, thus, is a set of values for the
activities that optimlizes the objecti-ve function underf the
given set of constraints. '

The relevance of OR technigques for educational research
has been discussed by Mitchell (1974); as well, many examples '

of their application in education exist (l).

o

- REASSIGNMENT OF THE MEDIA-MIX MATRIX AS REQUIRED BY THE

a

OPTIMIZATION OUTPUT

After a solution is found a set of either new’

“column—totals or row-totals.is obtained. The se new totals
.require a change to be made in each of the elements of the "

‘matrix.

L - <

\

with the f£irst approach mentioned above, when attempting

4

“to mod ify the original matrix to confo rm to the optimal

'totals, one”finds thlat transformation of the individual
segmentg-would reﬂsult in a,t'ransf‘ormation of the hours per
c'ourse, ﬁumbers which should be respected since they were
derived from the educational criteria mentioned above. This
situation happens typically v,l\hen the optimalA financial
solution is crudely superimposed o‘n't;: the orhig 1na1' med ia mix

matrix by multiplying each element in a column times the.

-
oS

(l,
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quotiené of the new (optimal) figure for the ;otalalhours
through that partigullar mediun divided by the old total.

Thus, all such modified entries within a column in the matrix

E

‘ would add up to the new column-totals, which means that the

modified matrix conforms to the optimized. {minimum’ cpst)
” . .
o

decision. However, row totals would not add up to the

preassigned figures after the modification is made, which

means that the educational decision as to the Gumber of medﬁa

o [

ho urs per courser is no'longer being respected. An algorithm Soom

P

fo'r reassigning the entries in a media mix mat"ri:-; that
r'espects both column and row totals was developed by the
author and {:‘ell‘ow students. The lprocedure we developed -
represents a breakthrough in the field of educational

Pk anning as it reassigns‘a medig mix matrix while respecting ‘

' both budgetary'and educational constraints. For -a detailed

explanation of this method, see Vazquez-Abad et al (1980); a
version of it (from Brassard et al, 1980, Appendix 2) is
offered in Appendix A. In this thesis a FORTRAN program that N
implements this algorithm was run at Concordia Univeréity's‘
Cyber 1743 to reassign mgd ia mix matrices.

/

With the second approach a maximum number of hours of

‘instruction through each media is obtained given a fixed

cost. Thus, the typical situation would be one where the
total number of modularized hours will be less than the
target figure. Two a‘“lternatiaves -for reassigmment arise:

distributing the total of hours per media obtained from the ..

PRSI S,
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optimization problem amo-ng all courses by si}nply multiplying
the quotient new total/old total per media times each element
within the column; or to negotiate the allocation of those
new totals to only some of the’:é'ourses, such tr;at those
deterxﬁined on educational criteria to be the most aéserving ,

could become completely modularized.

— ESTABLISHING POLICIES AND SCHEDULES FOR IMPLEMENTATIO

: |
In either situation, the reassigned matrix constitutes ‘
an optimized set of objectives with which to plan the 1
'implementation of the modularization program. 1In each of th\i

alternatives developed quidelines foT implementation plans

‘can be established that include general policies and

considerations about its schedulling. Detailed -

implementation and management of a tele-education system,

however, are beyond the scope of this thesis; relevant

+literature can be found that cover this _t‘opic .(see "Chapter

| . X &

6).

2

LY

~ DETERMINING THE REQUIREMENTS OF AN LRC

Within the guidelines for implementation considered it

may be necessary to plan the requirements that a Learning .

e

¢ Ay
.
. . 3 -,.
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14 . , . g
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Resources Center (LRC) should meet, In order to do this the
LRC can be modelled as a Queuing or "wait‘irng line" sysf:em
which will operate on the end-state situation (cf, Mitchell,
1980, Chap.8)-. '

Queuing.- theory is another OR technique whose relevance

3

for educational research has also been discussed by Mitchell

(1974). Applying QT to the design of an LRC means that the |

latter is seen as a system composed by Several channels (eq,

2
one channel per inst;uc'tional medium considered) and several

servers per channel (eg, several carrels available per
instructional med jum). Student arrivals at the LRC is j

considered as a random variable (usually following a uni- or

a

‘multi-modal Poisson distribution) that would set up "waiting

lines" for differe’nt'chann‘e‘ls. depending m‘ainly on arrival
rate‘, number of carrelsLaVailaL‘;le p;r channel, and channel's
serving rate (eg, the average number of lessons or modules
that can be shown per channel in an hour). The system can be"
modelled mathematically yielding equations that relate
arth’/al rates, serving rates, and m,xm'be'r of carrels with"
average waiting time and/or lenw/of the waiting line. \If
one estaplishes -a maximum ave‘ra‘ge w?iting time per channel
that -would be tolerable, the equations can be Solved for the
number {)f_can;els needed per channel in order to meet the
require;nents of; arrival and serving rates within the limits
for average \'ﬂaiting time. This w:l]_.l be_explicitly‘done in .

the next Chapter. Y
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~ SUMMARY OF THE MODEL _

The model offered in this Chaptet can be summarized in
the following 12 steps. - ’ L ..

" 1) Clarify the reasons for the existence of

FPRSE TR}

. the system and the systemic objectives. -
2) Prepare a curriculum map or rl_et.iculated

[

r{etwork.‘ Call each node a "module™ and a set

-
PPN

composed, of (some fixed number of) related -

nodes a. "course".

3) Perform an instructional analysis on each
module, clarifying its entry behaviors and j
L : ' _ cha;actefistics, instructional outcom'és, and ‘ x

instructional strategy to be followed.

4) Deternine what instructiorial materials qeed
t/o be developed for each module. 1In -

particular, determine the number of hours of

2 rm e o meps

instruction required through each one of a set

of different media following educational

considerations.

» ) '

. 5) Express that information in a "preferred”
media-mix niatfix. Determipe the to-t-:al number

of hours of instruction desired per course

. .
- g ——— P . et _ —
DAY "u' [V L._:u AR SR T T IR g
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, ) ; through all med’ia, and the total cost of:
: media~based material desired per medium, by)

finding (respéctivply) each row~ and

% g c;l“umn—total in the matrix. °
i 6) Determine (perhaps just estimate) unitary
* costs of producing media-based instructional '
material for each one o.f" the dif_fei"ent media
° under consideration, for the production group_ -
; Lo involyed. - ’
z 7) Determine the cost of producing the
¥
i . ' . media-based material desired: .
P - o
! - o : ,
‘ ' - L a) if cost is affordable go to step -
. o ) ' . - . 11; .

b) if it is not affordable, an

. B
,optimization «of the modulariza-

S . . tion-budget constraints is needed:

go to the next step.

8) Produce some pl:mnihg alternatives by
optimizing the modularization-ﬁudget

) _ constraints under different céndigions. For

\
example: N

’ :
. . a) Express the total production cost

as a :uﬁétidn of the total number of

= AN
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; . ‘ . ' media-based material per medium and
' ‘minimize this;
shoup& include the preservation of .
n . ‘ \ ~the total ﬁuhber of media hours per.
) ' ' 'éourse'and glébal‘media4pix
considerations (which in turn ma? o;

. . 9
; . may not include a minimum number of
M . i

" hours for some of the media under

1 “ .
]. L I ". consideration).

. B) Express the total number>of hours

o : SRR of instruction through media as a
§ ‘ . ' function of .the number of media ° -
- hours per course and maxi@ize this
‘ fugction;‘constréints should include
, pe

the preservation of production costs
. o - within affordable lifits and the

global media-mix considerations

. mentioned before.

e

9) chh of these iltarpatives will produce a

° [

set of either new coluhn-tqtais (eq, in 89) or
row-totals (eg, in 8b) in the media~-mix

- 'mafkix. Use the Rgéssiqnnent Algorithm to
find the chﬁngcs to ‘be made in each element of

the matrix that the new totals require. -

IR S TITOrL e e p e R 2
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function; constraints
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ld) Establish implementation plins {le,
ihplementatioﬁ policies and schedules) for.
< .

. each of the alternatives developed.
. ‘ . ¢
'11) Determine (1f applicable) the'requirements

1 ‘ . that the LRC shéuld meet at "end-state"®

: i}
. -
s - -r-v-—fwra-._,«,
<>

. o - | situation 1n-order-£o implement each

alternative plan. - .

12) You should now have enough 1nformati$n in
‘order to'decide'wﬁich,alter ative to choose.
L : : - You can start by rejectingﬁékése which are ﬁot, :
. . ) | techniéilly“feasible; it is probable that yod '2
| ‘ have alteady sta?zkd doing this after step 8
': B - was ccmplgted (be;?aes from the fact‘that
| ‘ optimization indeed 1mpli¢$ the rejection of
&n' infinite number of unfegsible(ér

i
But when deciding among technically feasible

ituations).

; o " solutions, refer yourself to step 1 trying to
C . get involved in this decision process gli the'
professors affected by thg~iﬁnovation_£hat

-

T will be inforced.: *

- LT . - EEN
N <
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CHAPTER 5: SIMULATIONS |

M

o4

A ‘set of computer based experiments was run to compare
the outputs of the model under different input situations.'
The point of the simulations was on the one hand, to show hou
the whole procedure would be used in a realﬁsituation, and on
tne other hand, to study thé effects on the plan of changing

some input information. . -

- FRAMEWORK AND NEED FOR A TELE-EDUCK'fIOtN' SYSTEM

4

An educational system was considered such as the one

described in chapter 3. 1In order to create a "real”

. <
situation let us assume that the Department of Education at

Concordia University wants to transform the Graduate

[N

Programme’in Educational Teéchnology into a tele-education
system. | :
i o
The @roqramme is composed of 35 diéfer;np 3~-credit

courses, four of Qpich (courses 1 to 4) are compulsory. for -

every student. Students must also choose between two courses °

(either course 5 or .6) as.a fif;n compulsory course.

~

Students‘must take another 8 elective courses (chdsen,from

among courses 7 to 35), work on.a 15-credit Supervised

ez S

Internship (thus equivalent to 675 hours of student work \\g

Y z N P
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. time), and produce a thesis or thesis-equivalent.

'internships and theses". The. number of faculty is fixed and

-basis of a 40-hour week.

the figures quoted above, this means that 5 x 110 = 550 houts

Hrespectively. Such a situation wauld result in'a‘professor's"_

————— g

4 , IS M
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There are six full-time professors‘assignea to the
Edycational Technology Programme. Each faculty member is
responsible for teaching 12 credits per vyear and‘supervising

r

is, therefore, a constraint that must be respected. Assuming

a workload per professor of 110 hours per
thesis/thesis-equivalent supervised and 46 hours per
internship supervised (based on Mitchela, 1977), an’averagé
workloaé per professor per term is‘as follows. If we assume _ 1
that a term comprises 15 weeks, a total of 600 hours-
constitutes sheutotal load of a professor per term.on the

If we‘furthes assume that there are
26 ‘lecture hours per course in a term, and that each lecture
hour demands from the lecturer another 3 hours for tesearch, Y
éxtra contact with students, and evaluation, then a total of

208 hours of each professo; s term-workload will be allocated

to éoursesf Should the other 392 hours be uivided so as to . - <
allow a maximum nunber of students in the system, i total of

)

five students can be supervised per professor per year. With

per year or 275 hours per tefm, and 5 x 46 = 230 hours 'per

year or 115vhour§ per term are devoted by each professor to

©

thesis/uhesis—equivalent'énd internship supervision, , e

average workload per term being as in Table 1.

tn ° " <

e
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S
S ‘ . TABLE 1
AVERAGE WORKLOAD PER PROFESSOR PER TERM,
© &
8 L
ﬂ ) Internship_  Thesis/thesis-eq. Courses R&D and Total,
i : Supervision Supervisien Admini.strat':ion'
g : . .
! . h
} P s e wmw wm vww e ww  vww e r - — — l - —-— - '
. } 0
. 115 275 208 2 600
Y o (.
| e e e ez -
L N : . °
¥ ¢ I‘ b u .

Assumptions: 110 hours/thesis (*) . - . :

- . 46 hours/internship (*) o ‘ .

, B *" 3 hours preparation/hour in class o ;

s ;
. . ~ . . ¢
] . , '

(*)-BasedTOn\ﬂitchell, 1977 L ' ' ﬁ

. . . 4
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. Referring to the figures in Table 1, one can deduce that
with an enrollmeht og 30 students per Qear, the averagen
workload per professor (thesis/thesis-equivalent and

- internship supervision plus courses) wayld leave two‘hours
; per term for research and administration. This is obviously
- not the situation. What actually happens is that professors
find that ghey must work more than 40 hours peer week to ; v

/

fulfill their dommitments. Because course and thesis
‘supervision regq irement; are unavoidable, they-are therefore
met in full. Despite the extended Qork week, howbver, there
is insufficlent time to fulfill all obligations. As
P internship supervision seems to be the weakest link insthe

chain, it is often the activity most likely to be Eeglected.

The sirategy proposed here, first suggested by Brassard
. - et al (1980), is intended to prqgide such a system with
‘materials for a tele-education studies program. -A useful \

by-product, however, is its function as a paradigm for the

management and enrichment of the internship. In a plan such . |
as the one outlined, stud;nts would work on pgojecksuw$th" ) \
; ﬁc- Iimmediaég application, could follow thr2ugh on the evaluation \
: "., and ;;vision of their matefials,.apd, in addition, | k
. participate in the overall design and planéing of an A N
ingtiuctional system whose aims and goals as w{ii &S
objecfives are understood. '

b

4 - Let us assume that the transformation of this

e

Y




N v

- P W G
=

- ' i
e et e ek vt b s 11 tr e ey T RETONIT S NI RPN MO

- 62

1

.educational system into a system of telgredugation starts

4 y »
with the modularization of some courses, Let us further

assume that following a study of the curriculum and the pastz

 flow of students through 1t, it is concluded that the six

compulsory courses and the six elective courses with highest
enrolment should be the first ones t ansformed into )
tele—education courses; for the.sake“of the a;éument let us

name these courses number 1 to 12,

.

- SETTING UP THE MEDIA-MIX MATRIX

The next step is to ask the professors to perform an
instructional analysis of.%ach of those courses with the aim
of redeslgnlng them as self—lnstructionel courses. TAs a
result, a number of modules per course will be planned and a
preferred instructional strategy for each module will be
determined. As part of thet strategy, instructional

‘materials requiring different media will be needed. Let us

v assume that all such instructional materials can be

classified, according to the media required, into _one of the
N /~

following categories: Lecture, Discussion, TV[ Audio,
SlideﬁTape, Print, Simulation/Game, or CAL materials. One

1 ! s

advantage of using only these meiia is-that the cost of raw

materials need not be considered because the University has‘\

'tpe necessatf production facilities and budget.

=>, ‘ , .

»
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Given that we are concerned with the modularization of a
Graduate Prégramme, we can assume that it is not necessary,

nor is it desirable, to provide the student with

instructional activities for eac ourse spanning the total.

of the 135 hours equivalent'tp‘ﬁhe 3'credits awarded.

Rather, we can plan for the modularization of 45 hours per

course, on the basis that gradu;te students will spend at Q'
least two extra hours per hour o} course in independent
activities related to each course's contents, eg, reading and
writing. - ’ -

As a result from the instructional analysis and planning
process a preferred media mix matrix is established ylelding
the figures in Table 2. . T v ‘ q

. \

N
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, S o . RABLE 2 N

y Tt . PREFERRED MEDIA-MIX MATRIX.
! ,  MEDIA L D TV A $T P C ' SG_ Tot.
) ‘\ COURSE —
Lo 2 18 - 1 - 12 - 6 25
. 2 2 6 5 - 6 18° 8 - 37
- 3 2 4 7 8 5 13 3 3 39
4 - 10 7 7 - 13 - 8 35
5 - - - - - 25 15 5 45
: . .
6 - - 7 10 - -16 8 4 45
7 - - 7., - - 13 20 5 45
8 - 5 7 10 8 15 = - - 40 .
9 - - 12 15 11 - - 45
‘ 10 2 13 - 8 8 14 - - 30
"ol 2 8 - - 15 15 - 35
12 2 10 4 - 4 8 - 17 33
TOTALS 12 74 56 57 51 173 69 48
] : . : o
NOTE: L: lecture; D: diécusioné TV: video-cassette; A: audio-fape;
P: printed material; C: computer-assissted-learning;
Sq:vsimulation/game} Tot.; total hrs. per course (exclud-
ing L. and D)
\
u i
' »
».
Y . i
e b ‘
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~ INSTRUCTIONAL ;ATERIAL PﬁbDUCTloy CosT ‘ ¢

The strategy suggested for the production of the

"instructional materials is to assign students to work in

L3

groups, supervised by professors, on the deuelopment of such-
7;aterials‘{n’fulfiliment ef the:internship requirement. The
first advantage of this stratEQy is the resultin: change*in
the professors’ workload. Given that the students work in

groups, professors would not spend as much time supervising a
\

"group's work as ,they would have superv1sing five independent .

students, and this supetvision, being concerned with a -

structured group project, can be done much more efficiently.

. A second advantage is that at the end of the modularization

-

. program the number of teaching hours per course will be
reduced considerably The hours gained from internship
supervision and courses may then be allocated to R&D and

schedulled tutorials.

The attention that thesis/thesis equivalent demands from
professors, as explained before, translates into. a lerge
number of hours, creating a ceiling.on the number of students
that can be admitted. Thus, with six full-time professors in
the Programme, a maximum of 30 students constitutes the upper
limit to this system s yearly input. .Using the figure of5675

hours of student work time as equivalent to an Internship,

maximum of 30 x 675 = 20,250 man-hours is available per year

. , N
¢ . , . o
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Table 3, it is clear that the preferred media matriy

AT Ll e

for the materials production jrogram. Let us assum

that the
' search and production 1!;material for Lectures and

’

Discussions is the'responsibiliiy of each pr&feséor

4

[

Using

x implies
‘a long—-range production ‘program as no less than‘four'years

would be required to compléte it.

1
i3

=N
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% 'i‘ABLE 3
I‘KEDIA PRODUCTION HOURS (COSTS) FOR . PREFERRED MATRIX.
- I ' -
i TV A ST P CAL SG TOTALS
. i ________________ L
B
L
!
% Hours \
' of Lessons 56 57 51 173 69 48 . 454
. \ .
. \ ' \
Production
[‘ Hourg (*) 300 55 100 40 400 400
i »TOThLS 16,800 3,135 5,100 6,920 27,600 19,200 78,755
‘ N oo W
(*) Based on Brassard et al,1980 (Figures abtained Trom @ b
direct communication with production experts.) ’
All’figu}es'refer to the approximate number of hours
required for research, production, and evaluation of
‘materials. ‘
. Note: TV: Video-Cassette; A:Audio~Tape; P: Prifted ﬁiate;ia‘l;.
: CAL: Computer Assisted Learhing; SG: Educational |, ¥
S © - simulation/Game b
—r- ‘ ’m“
‘ ,
\ .
- A N
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- OPTIMIZATION: MINIMIZATION OF PRODUCTION ?3;25 \\»/
—

J .

I) ALL MEDIA
N

The importance of the optimization model proposed in the .

previous chapter becomes evident at this point. We consider

an LP problem with six activities:

TV: # of hrs. of inst. via VCR w/ unit cost of 300 hrs.

A: / - . Audio~Tape 55 \
ST y " Slide/Tape 100 '
P: ‘ ‘ . Printed Material . 40

CAL: ' Comp.As;.Learning ﬁOO

5G: . Simulation/Game =~ 400

" Thus, tﬁg abjective functibq can beiidentified as ;
line{r combination of these activities where the coefficients
are.the unit costs quoted above. The goal is to minimize the
objective function; ie., to minimize the total media
production program co;t. |

It is clear that the‘conétraints for this problem cannot
bé~lim1ﬁed to cost alone, as this would result in all Sf the
modules consisting of only printed material. That is, if one

ran the LP problem with no other constraints than a required

’_togal number of media hoyré, the solution would be 454 hours

€

%

of pgfnted material with a cost of 18,160 man-hours.

s




Additional constraints concerning the global media-mix and

o

max imum and minimumlnumber of hours permissible per media

-have to. be introducéd.

A}

Given that budgetary constraints must modify the
educational decisions first taken, the problem becomes one of
priorities. Unfortunately, educati;nal considerations are
usually ignorea in this step. 6perat1ng on the assumption
that educatisonal goals should‘not be subordinate to financial
'considerations, the first constraint in the LP problem
involves the amount of modularization desired: if, from an
educational point of view, professors decided that 454 hours
of instruction should be produced through the selected six
media; éhis\decisiop has to be respected. Thus, the‘total
_number'of hours of 1nstructionél matefial.through TV, Audioa,
s/T, Prinﬁ, CAL, and SG must egual 454 hours. - ‘

. . N

The follawing additional constraints are'infrpduced o
taking into éonsiderétion factors such as the portability of
‘Fhe mgteéials{ aioidance of a totally print-based or
printsaudio-based program, and professors' asééssménts as to
thé lower limit of hours of each of the different media tﬁaé

would be acceptable based on the needs-of each couyrse.

Supposextﬁat consultation with'faculty yield the following:

1) The minimum Qumbét\oﬁ hours of each medium is to be: 13 » ‘
hours of TV, 19 of AudioTape, 20 of SlideTape, 12 of CAL, and®

8 of sim/Games. No minimum is imposed on printed materi&is.- C
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’ . 2) quausé tapes and printed materials are the cheapest to 5

\ ' produce, no more than 60 hours of tapes and no more .than 300

hours of print{7§5 allowable. ° ﬁ,w ,

The above ?nfbrmation is translated into the following

1

“wmn emene . o o

, | , equations: .

minimize. .z = 300 TV + 55 A_+ 100 ST + 400 CAL + 400 SG
.0 . . ' | ‘ '

\

Subject to: TV > 13

S

= 3 >

Iv Iv v |

- N
D N O W

v

S  SG

Y

n
o
"

b

TV +A + ST +P + CAL +

>
In

AU -
P < 300

§

[

. ' ‘These equations were used as input for the BASIC-GIMPLEX

5

program available on the Cyber 174 at Concordia Uﬁiveraity.

The results are reported in table 4.

-




TABLE 4

o . N

OPTIMAL VALUES OF MEDIA -HOQRS“.

’

: CQ&PLETE,”DDULARIZATION USING EIGHT MEDIA,

-~

MEDIUM,

. .
TV,
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. *The.sélution again requir;s.more man-hours than whafvis
aviilable. "However, a pPlan can‘be_develgped;to implemént it
as a two-year production ptogram;,ét tQL end of which~the set '
of 12 course§ WOQId'attain~the déqfee of modularizarlén
'solaght . For the ihplgment;tion of this plan it is necéssary

to know,whéﬁ the distribution of media hours per course -~

shodfd‘pe: to this end thé reassignmené)algdtithm explained

3

in Aﬁpéndix A 1s used yielding the resulting media mix matrix

. displayed iA Table 5.’ ¢

o
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H u . - K ' !
¢ REASSEGNED ;kDIA-HIX MATRIX. COMPLETE MODULARIZATION USING
t . i
i EIGHT MEDIA. ‘
g t %
K
| - MEDIA TV A ST P . CAL SG  Tot. . |
2 B
L COURSE
% . 1 - 6.9 - 17.5 - 0.7 25.0
', 2 1.0 - .2 27.9 .0 - 37.0
{ 3 1.5 .0 6.3 1.5 .4 0.4 .39.0
! 4 1.6 . - 23.7 - 1.2 . 35,0 :
5 - - - 42,1 2.2 0.7 45.0
‘ 6 1. 12.3 - 29,2 1.3 0.6 45.0 \
< 7. . - - 3.6 4.8 1.1  45.0 }
8, 'a 1.2 .4 8.4 20.9 - - .40.0 j
9 2.4 7.5 17.9 17.4 - - 45.0 i
, — . | - -4 7.1 16.5 - - -30.0 .
o 11, - - 6.6 26.3 2.3 - 35.0 g
! 12 1.3 - 7.7 20.5 o 3 33.0 ;
/ - T o
; -/ -y . A“. ® P ’
E, / . NOTE: TV v:Ldeo-cassette, A: augdio-tape; P: prlnted materlal,
N o CAL- comp ter-a531ssted -learning; SG: s:.mu~l~a*t:.on/game-
, MR _ Tot.: total hrs. per course. » C ,
' ’ C " Numbers are rounded-o £ to the first decu&_} place.
", o . » N " . “ e LA . . .
! , . .
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'The orlginal mediia mix matrix should then be modified by .

e N

. : 74 .

According, to the daéa(1$ Table 5, two alternéfives for !
schedulling t{i productionoprogram are possible. Ipithé

first one may divide the prodpction plan by either ﬁedia or
courses considered. For example, all Priﬁt CAL, and SG
materials could be produced during the first year :atsa cost

of 300 x 40 + 12 x 400 + 8 x 400 = 20,000 man—hours, leaving

all Tv, A, and ST materials to the second year at a cost of

13 x 300 + 60 x 55 + 61 x 100 = 13,300 man—hours. ‘This *
\

" alternative has the advantagé of demanding all interns and

professors to concentrate only on problems related to three

media per year. On the other hand, courses 1 to 7 can be .

modularized during the first year, at a cost of 19, 457

man—hours, 1eav1ng courses 8 to 12 to the secpnd ear at a

cost of 13,843 man—-hours. This second alternative implies \\

{
that professors should ha(?‘ nterns working on all six media
in the two years, but it presents the advantage oﬁ'producing
/7'compliﬁp,tele—education courses by the end of the first

£

year.

II) PRINT AND AUDIO ONLY ’

I

X The second possible alternative is to produce a
ele- ducation system based only on print and audio lessons., - -

P ofessors in order to produce one where only these two media
are considered in addition to lectures and dis;\gsioﬁs. As'a

r sult, a. production program may result which 1s feasible in 3,~e‘

P I MR AR LA LA »em;,x;‘:pﬁm;siu:::.uvmwa LA

i b

o
PRI pe.r JPese VISR SR
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>
;erm? of the available pioduction man;hours. In fact, this
is likely to be the situation: with a .cost of 55 hours for
audio and 40 hourstfbr print, the total media cost would
range between 18,160 hours }for print only) and 24,974 (for
aud{p only;. In the iat;er situation, after the first year 7 o
interns erk}ng for the first term of the second year or all
30 of them working for 4 extra weeks would be sufficient to -
complete the modularization.”

Let us assume that a minimization of cost is sbugﬁé
anyway because it may liberate intern-hours to w?rk an
different projects (eg., starting the mo@ulérizatioﬁ of other
ncoursqs, withi;’or odﬁsidf the Programme) . fhg corresponding

)

LP problem would be stated as: \V/f )
;Minimize Z =55A + 40 P

_Subject to: A + P = 454

~

plus any. other constraint(s) relating to the desired mix . v
between audio and Print (othegwise, a solution of only print . R

Qwould result). .One possibility is to take the media mix

- suggested by the preferred matrix and to tranlate it into one . b

" or more constraints., For example, if professors-indicate i
that théy prefer a situation whepe there i1s roughly the same
number of audio and print hours, this would translate into’

a

4'#t;he constraint:

&w_ T’T . . ) »

Al
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.necessitate substantial modificatipns to our .approach. This

L,
5« A

—_—
—————. e+

© 76 .
. : b
\ )

N ‘

5 (a) A=p.

«0r, if there is a(limit to the permissible number of

t

hours, eg., no less than 200 hours of audio, or no more than

350 hours of print, these would translate into the
< ¥

constraints: \ ‘ ' : ¢
‘ (b) A > 200 ’
‘ 5
(c) P < 350

> . ’
4

Without running a coﬁpﬁter‘programy the solution to
these three pr&blems can be obtained; it is clearlthat they
should be treatedﬁas different problems because when two of
theocdnstraipts (a), {b), and (c) are taken ;;gether, thé

! v

result may be'an LP problem with no feasible solution. Tth ]

solutions are: (af A =227, P = 227, with .a total cost of

21,565 hours; (b)-A = 200, ® = 254, with.a total cost of
21,160 hours; and (c) A = 104, P = 350’LW1th a total cost of
19,720 hours. , co :

s we have seén, thesé alternatives (excepting the ‘
\b

latter one) are feasible on the basis thaé: (#) there is
always anﬂihcom;ng flow of 30 interns per year, ie., that
20,250 man~hours .are available per year to work on
modularization; and (2) it is acceptable to spend two years
to complete the modularizatiqn pProgram. However, this is n#t

. ) . v .
alexs the situation. Working with a fixed budget will

.

N )
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a constraint.. The problem is then to investigate what is the

"how many of the 454 hours of instructional material can we

formulated as the following LP problem:

LT Y G mnE e R TS SR TS AT O el VAV T VR S 45T SR ORI ERR, SR e

77 .

AN

is the case, for example, when we can only spene/one year for
modularization because of a time—limit expressed in a
grant-contract, administrative needs of the University, or

some’ other reason like a change in the 1nternship

regulaé&ons.

~ OPTIMIZATION: MAXIMIZATION QF INSTRJU,CTIONAL MATERIAL UNDER
; ) . ° . |
A FIXED BUDGET. o ) . ) . : )

Another approach has to be taken when a fixed budget is

L4

max imum Qe can get with that fixed budget. 1In other-words,

get with a fixed budget of only 20,250 man—hours?

If other conditions are held, th}s prohlem can be

t ]
°
'

. Maximize Z = TV +.A + ST + P + CAL + SG ' |

-

\} ' Subject to: ™V > 3
: ' " A > 19
1~ ST > 20 ’ . .
' CAL > 12 . : . .
. - SG z 8 ‘ . ./\
~ N Sl
G v oo . ‘
. . M :‘\\J"\ A -
% ‘\ G / i,. N . ' L]
- . .. . ; .. 4
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+ 400 CAL + 400SG ¢ 20250,

>

< 60 -

A P < 300 ‘

, .

: . ‘ The solution to this problem is shown in Table 6
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The main change in this formulation, with respect to ’the

former one, is that the objective finction and one constraint

L ° ~

P 2w
PR P -

have been interchanged. It is well known that in any
mathematical programming problem a ch*ange in the formulation
may well lead to a solution that is different in terms of the .
qptifnization of the real_" problem. .In this case the solution
;hows this variation. While in t:.he former formulatisn a

. two-year‘plan would suffice to complete the modularization,

Y

in the present case it would not.

Hlowe\;er, if t_he budget is fixed there is no other | o

- alternative than to plan with the fiqures obtained. ) g

»Obviously, the alterpative of dividing the 205 hours among
the different courses would produce only ;;artially

modularized courses. This woul‘d result in a reduction of i

[ SRS

cour_se—hours for the.lpréfessors, but the Debartment .could not
count on having/a single‘tele-education course as such.
In‘steaci, the polic;y should be to select a r,\umber of cour ses .
to be completely modularized v;{th this budge}:. For éxample;
compulsbry courses 2 to 6 req:nre a total of 201 hours of
med-ia:based mociules; they can thus form a subsystem‘which can
be completely x;oéularized in.? year. Usi"ng the algoArithm‘ in
Appendix A, th; reassigned matrix for this subsysten is

obtained and shown in Table 7.
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TABLE 7
PREFERRED AND REASSIGNED MEDIA-MIX MATRICES. PARTIAL

MODULARIZATION USING EIGHT MEDIA.

ORIGINAL MATRIX

. MEDIA ™v A ST p .CAL SV Tot.
COURSE [ 4
2 5 - 6 18 8 - 37
3 7 8 .5 13 3 3 39
4 7 7 -.-13 - - '8 35
5 - - - 25 15 5 ' 45
6 7 10 . -' 16 8 4 45

N TOTALS 26 25 11 = 85 34 20

- ‘. \

REASSIGNED MATRIX

MEDIA ™v A ST P . CAL SG_  Tot.
COURSE © + — '
2 2.0 - 10.2 22.5 - 2.4 - - 37.0
3 3.2 5.3 9.7 18.6 1.0 1.1 _ :39.0 o,
) 4 3.9 5.6 - 22,2 ° - 3.4 35.0
, 5 - - -  37.8 5.3 1.9 ~ "45.0
6 1.7

3.9 81 - 27.9 3.3 45.0

' NO'I:Es:;' TV: video-cassette; A audio:-tape; P: printed r'naterialg‘ N
_ CAL: computer-assissted-learning; SG: simbilation/game;
) Tot.: total hrs. per course: , - ~
Numbers are rounded-off to the first dgc'ifmal place,

-
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~ PLANNING LRC'S REQUIREMENTS ~ i

r ,
- Once the figures have been produced of what the system.

would look like upon completion of the chosen alternative,

!
!

the planner is concerned with forecasting the resources

o R PRI S ot ez o
- i
B

required By a Learning Resources Centre (LRC) for its

' , implementation. ;

The first 'assumption is 'that printed materials will be
distributed'to each student. Packages of lessons or single
modules can be kept on reserve or in a library an campus-

however, it would be recommended that a library system not be

‘ the only means of access .to materials for the students as the
. : savings derived from a small reproduction of materials run
‘ would not offset the costs inaspecial facilities needed. for

| an effective library service. The cost of these modules

could be borne, at least in part, by the students since in’

Coa '
, [}

. many instances‘tpe modules will partially negate the need for

textbooks, As well, a iibrary arrangement would create
, undesirable and unnecessary limitations on, the portability of:

printed modules.

s N )

In the case of only printed and audio lessons one can n‘~

i

assume that an LRC- as such {s not necessarily needed. as
commercial cassette ‘players are available to almost any.‘ ;

" student in 2 University. However. when other- media are I f. f';

e
, e ‘ A Stw
. , PN
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' involved'dn on-campus operation has to be assumed as a firét

RS

. ,
4 .

.step in the implémentaﬁion of a tele~education system.’

e

Further research would be needed if establishiné of f-campus .

LEC'S is sought in order to assess for (a) their number ,(in

o

' termi of budget and students/clients availablg), (b) their

. location,‘and'(c) the,population served by each of them.

In the following section the planning of an on—campﬁsr R

LRC is discussed. Similar analyses could be undertaken for

off-campus operation once the data for each LRC is knaown. ’

-

. r
S
'

A second assumption is that audio and slide tape modules

can use the same facility; le., a carrel with a ST praojector

0 oy

can serve equally well as a tape player. - Hence, theﬂLRC4is

-planned as a four channel (TV, ST/A, CAL, and SG) queuing’

o system. - o ‘ ‘ o :

, P ' : .
, . - , - o ¢ " ' g} . :
’ .

% _ Once the modularization program has been';mplementéd,

_; the input_to the system will be 30 studentS'per year. 1In the:
‘m§st aeman&ing situation the students will constitute a
relatively 'coméact' flow; in other wnrds;)although we can -
expect that stiudents will go @h;ough modules at such

; i .. different paces as fo be'noticeAbfy-d?spg:séd by the end of

) r K the course, in the Yworse" situation (ie, the one demandihg ‘

the most from the LRC's cap#é@;iéé) the studentg?wodlﬂ go v/

LY

.

'q\\". ‘ thrgugh the sSame module at toggﬁiyfghe ‘same timé,Jand’ghey‘f-

)

e u ‘. - ¢ “W"‘ . ' ' N 4, " .:' "* . e
«, . Will be the only spﬂan;sghsingth§ée modules at that time. '

.o L R PNV o
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from the total

In the case of a conplete modularization,

of 454 hours of instruction thrugh media, 300;were assigned

to Print,.13 to TV, 121 to S/T or Audio, 12 to ciu., and § to -

Sim/Games. Let us assume that the average length of sach

module of TV, ST/A, CAL,

and SG are 30 minutes (0 5 hours),
*15 minutes (0.25 hours),

minutes (0.5 hours) respectively. Service rates are cornfputed

as the reciprocals of these times (in hours) , and expressed

in* custOmers (students) served per hpur. Total number of TV,

. \\\ T . a.
(13 / 0.5) +‘(121 / 0.25) +'(12 /\E¥\) + (8 / 0 5) = 556, o

ST/A, CAL, and. sG lessons is

of which 26 (4. 7%) are TV, 484 (87%).are ST/A, 30 (S. 4‘)
.are CAL,

and 16 (2.9%) are Sb ‘Table 8 summarizes these data. '

\

i

24 minutes (0.4 hours), and 30 ) o

% 2

4P

oy
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\ t , . TABLE 8 .
. " SUMMARY DATA FOR QUEUING MODEL. LRC FOR COMPLETE
i , _ MODULARIZATION PLAN, - .
\ 7 | -

i l‘ - ! - ‘ : N .
,  MEDIA # OF SHOWS "~ . AL 'ST _ SR . % OF TOTAL
(channel) - .

v Co26° 30 0.50 2.0 < AT
A/ST 484 15 - 0.25 4.0 87.0
CAL 30 24 . 0.40 1.5 5.4
- . Fl q,
*s/G 16 30 0.50 2.0 239
2 .Y ‘ ’ '
t , '
. TOTAL .556 .
o 4 ‘ -
. 7 . 7 .
NOTE: - AL: Average Length in lﬁinutes - {
ST: Service Time = AL expteissed"in hours
SR: Service Rate = 1/ST -
) , ' . ’
’ € . .
f - R .
.
“ . “’,‘ LS ‘.
; > } l"
i} I
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When determining the number of carrels required for each
‘of the four channels of the system, a maximum waiting time
for each channel ‘has to bé established, let it be six. minutes

(0.1 hours) . With the formulae (Mitchell, 1980, Chapter 7):

WT = QL / AR ‘ ‘ .
QL = ARZ / (S x SR) x (S x SR — ARJ®
one obtdins . R ‘\
2 2 ' ' 2 4
QLxS“ xSR — SxSRxARxQL - AR = 0(
. ] |
p N
Solving for 'the number of carrels (S), this yields .
s = (8BXsmr{ B2 -4Ac} ) / 2aA . .
where _ .
A = SR® xQL = SRZ xWTxAR =SR? x0.1xAR -

B = -SRXARXQL = —SRXWTxAR? = -SRx0.1xARZ "

C = -AR

Given that all of the constants are pesitive real )

.

numbers, it follows ‘that there will be only one positive
answer for S -~ the one eorresponging to the addition in‘the

formula for S. : , ‘ v

¢ . ‘ . . . - o

»

P
fj

Arrival rates are caiculated as follows. There will ‘be

v

a tetal Qf 556 lessons per term or, assuming a lS-week:termf
37 lessons per.week. With a five d;y‘;;ek, this fiqure
translates into an average of 7.4 1es§ons per day. w1th'the
LRC open at least eight hours per day, iv Should not have to

contend with more than 0.9 lessons per hour.'_Gi,ven,gthat.the~

°
~ -

L | ' \

-
) y



vy meann e

s

most the’ system sr)ould serve ié 30 students (and this assumes

-

-

max imum enrollment in all cdurses) , then there will be né'-
more than 27 demands per lesson per hour, These demands

¢ ’ s . v ..
would be distributed on the average to TV.4.7% of the time

(1.27 demands per hour), ST/A 87% (23.49), CAL 5.4% (1.46),

3 e e e vy < e o

and 5G 2.9% (0.78).

v

"

R The final solution is ?btained by using these data inm

the equation for $. The
Figures suggest that the

Video~Cassette Player, 8

results are presented in Table 9.
LRC be composed of 2 carrels with a

carrels with ST projector, 2 carrels

/
with a CAL terminal, and 2 roomé for Simulation/Games..

v

4
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CHAND'JEL AR
TV 1,27
ST/A 23. 49
CAL 1.46

{

S . N U
'sG . .0.78

NOTES: 'AR: Arrival

————— e =

o ngrs s PRI N, e ety

Y N }l J

TABLE 9

REQUIREMENTS FOR LRC. COﬁPLETE MODULARIZATION PLAN,

AQL S
T

0.148 . 2 (1.257) - ‘

2,026 - 8 (7.764)

0.120 2 (1.264) -

0.047 - 2 (1.215)

. )

Rate (demands per hour) v

AQL: Average Queue Lengtt{ (in # of customers=students)

S:Servers (Rounded~off number of carrels

R
required; actual numbers in parentheses)

™)

'
~
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- A similar analysis can be performed iﬁ.the‘case'of'a

B e o
>

partial modularization (ie., when modularizing only coﬁrseé 2
to 6), From the total of 201 hours of instruction' 129 were

v assigned to Print, 13 to TV, 39 to ST/A, 12 to CAL, and 8 to

SG. Avefage module lengths and, thus, Service Rates are the

same as before. The total number of lessons is now o
. t \

1 oy S B s i ot
v

\

(13 /0.5) + (39 / 0.25) + (12 / 0.4)'+ (8 /.0.5) = 228
of which 26 (11.40%) are TV, 156 (68.42%) are ST/a, 30

',(13.15%).a;e CAL, and 16 (7.03%) are SG. Arrival rates are

L]
- . calculated as indicated before. Using the equation for § ;
! i
yields the results presented in Table 10. In this case the
{ " LRC should be composed of 2 TV, 4 ST/A, 2 CAL, and 2 SG
R < ' ¥
. carrels, , ‘fr
i ; . ,
t \
1 ' .
.
L : ro. \
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TABLE 10

S

REQUIREHENTiV?OR LRC. PARTIAL MODULARIZATION PLAN.

.
. . -
R .
y
b . > . .

' ' ' CHANNEL . s
™v 2 (2.002) _ :
ST/A 4 (3.389) . - . o
‘ CAL 2 (1.878) 2
i SG 2 (l.§3l)
f o ¢
L. ( ;
R o , A
= : .
: NOTEK\ S: Servers=Carrels (Rounded-ocff number of -
“ . [ 1
' carrels required; aqtual'nugbers in
parentheses) | . |
. ' " "
. ( . .
‘! 1
; 3
¢ ! “ ! N . ¢
; »
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work done by Mitchell (1980) and Brassard et al (1980), no

-] P o ov s EETRRTE AT A S

" CHAPTER 6: DISCUSSION

Y

The value of the model offered here for the educational
systems analyst and planner is self evident, as is also its-

conceptual importance. Suffice it to say that besides the

reference could be found in the literature i:hat dealt in a {/\'\

v

quantitative way with the problem of plann ing tjhe ¢

transformation of a conventional educational system into a

B P TNE T L N LV IS

system of tele-educatlon (ERIC search done in May 1930),

‘&

However, the information needs for,’the, input teo this

L e~ T

model ‘degerve some discussion., Inputs are the production
costs per instructional medin;ny', the original media selection
in the instructional design~plrogram, and considerations about

global media mix and the maximum and minimum hSugs of . -

Y

instruction per media. The information needed to satiéfy

M:ww.

14

these input requirements cohiGerns costs of instructional

v

»

media and media selection. A review was made in Chapter 4 of
. §

o L P 30
-

the little relevant literature available.’ As a conclusion,

there is a tremendous need for more edycational research in

’
o *

these topics. ° o ; S - .

Research in learning styles should be directed to assist

in the development c/alf media programs for tele%d‘ucation

systems. First, media selection for seilf-instruétional,




‘influence. Thuls far, the studies conducted on the ’

- . {
modul es should-be a function 'af the cognitive styles 'f(or B
\‘vh'ich the instruction s aimed. As well, similar reseerch
should shed light on the topic of media mix for a
tele-education eystem. This latter problem influences the
niodel proposed in this thesis in its ‘optimizat'ion step: in
order to minimize cos:ts or maximize media hours produce‘d. only
considerations about the desired globel media mix are used. |
ngever, the reassignment algori-t.hm; oper‘ates on a preferred
media matrix, where the aforementioned problem .of seélecting 5

media for the particular Pnstructional modules hags & major

)

reassignment algorithm seem to indicate the dependence of its

A

\
converdgence on the initial stdte. In other words, the

reassigned matrix depends not only on the val ues imposed for -

columns and rows, but also'on the original media selection.

¢

data given in the "preferred” matfix.

7

- o ‘
The optimization step in this model involved the use of
LP models since linearity of media production costs as well
a‘s. in the global media-mix constraints was assumed'. However ,
these assumptions are indeed ‘very strong ones that could
ptobably not resist a ver,y..strict analysis. If production
costs can be gquantified at least in an interva#l scale, and if
the source of non-linearity is identified, other OR ‘
techniques'can be used inetead of LP in the optimization
process without modifying substantially the whole approach.

Hobvever, as was indicated in Chapter 4, a 1itergture review

a~
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of instructional media production costs showed few relevant Y .,

= . references, all of them being rather non—quantitative in %

. ¢ . :g:'

“ ' 4

nature. It was stated above’(Chapter 4) that this is an‘
ind iqation of the difficulty fqunﬁ in quantifyipug production
costs: they can lroosely be ranked‘ inlan ordiinai scale, but
quantitative statements are not likely to be ge;xerally valid
S ‘ since production costs may depend on intrinsic
characteristics of Ehe Eréducer or production group. ¢ . ’ “~
, L
"1_‘wc'> al ternatives‘ ariée, at this ;)oint. _The first one,

adopted "in the development of the model offered here, is to

. - . o
- ) rely on assessments by jpeople with experience im. working with

. similar pr 5n groups, ané to manage those assessments as
targe? figures. It is r(‘ecommended, however, to include a
contin'uous reassessment of production costs in the ongbinq
eval'uation of the production program, in ordelr to either
correc;t for deviations or modify the input figures in the
mc;del. For example, if interns start investing 55 hours to
' produce an hour of printed material, an investigation should \
’ be made aiming to determine if this conSt’itutes a "spurious"
; deviatign (because of the 'specific,material contents, human
i ) | . T i'elati.onsl problems in one o;r"more groups, etc) which shou]ji
’ then be corrected in order to return to the ptees{:ablished ' Z
N T : “flgures; or a characteristic of the production group, in

which case it has to be inputted to the model, and the new '_\

figures run again in order to obtain a more accurate plan.

' . ; ' .
q B Y v i
B - .
N .
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The second alterna‘f%ve is to develop a .model considering\

that production costs cannot be determined in the way assumed
/s

- 3
in this thesis. Future development should be directed to ‘Lﬁ

produce models where production costs of instructional media
are either measured in an ordinal scale (ie., where only'a

ranking can be made) or treated as randomﬁvariables (with
¢ Ed

.either known or unknown distributions). It seems to me that

these ‘possible developments, which will require more
sophisticated stochastic OR techniques, have great potential
for use in tele—educatzlon systems planning.and development.

-

The model offered here is a deterministic model to
B <

' represent a course of action for transforming an educational

system organized under a conventional scheme into a
tele-eduoation system. How.ever, wi‘thin this cou:se' of action
many decisions have to be made, with the ef.fects of thQEx
the innovation's implementaeion assessed by means of
simulations.! In order to stress the relevance of tn:is
prooedure, an effort was m‘ade to relate it to o_real
sitqation by using data that could"repAresent an actual
system. A situation similar to that of the Graduate
Programme in Educational Technology at Concordia University

was.studied. As a result of T‘h“e subsequent anelysis, the

¢

following findings and recommendations are submitted.

A) Internship program. The éstablishment of an

internship program integrally tied to the

o
&
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planning, production, and evaluation of the ¢ourse material
would result in an improved learning ekperience for the - Y

“students in the Programme. The educational as ‘well as -

professional experiences that such a structured ptogrim can

)

give to the‘potential Graduates, however, should not end with

the,modulariiation of the Educational Technology Programme.

The modularization idea could be "sold™ for the benefit of

future students entering the internship program, to other
' .2

S

Departments within the University or to any .

e . . . : -

Instructional/Training system wanting to move into the S !
. !

tele-education scheme. Students would definitely benefit
from the experience of working in an educational/intructional
systems development grouﬁ, an idea praised but seldom . . ;

prgéticed in the actual systen; and certainly one that *would

better prepare students for their future professionpi‘

e

-8 .
practice as Educational Technologists. ‘

B) Faculty time{‘ Completion of the modularization
program proposed would give more iime Peg professor for

) activities other than those concerned with the delivery of 3

' courses. This ‘time, however. should be invested in R&D and: i {

in the establishment of a tutorial program which, as has been
stated above,‘is an integral part of any successful
tele~education de;elopment. If the Departmsnt‘wishes to
increase its sntollment from 30 without, sacrificing research
time and/or thesis supervision time (and the quality of wo?k

which this ensures), the only'solution is to increase the

-~ : ’

)
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number. of faculty. The effort that the#is or i o
thesis-equivalent supervision demands from a faculty member,.

as was pQXnted out above, places a ceiling of 5 students ger
A

. ¢
. professor. "If a more dramatic increase.is,eought, a -

modifiéatgon‘of the thesis supenvision procedure must be -

* 2 "

conEémplated; for example, alloﬁing stndents to work in . &
groups and/or to be superviéed by other thkh full—timeﬁ
faculty. Of course, adequate‘safeguaIQS would have to be
1nstitqped to ensure -that q&elity I's not combromiseq>

. s

C) Analysis of alternatives simulated. (;he advantages

of a complete modularization two-year plan utilizing all

5

eight media are evident when compared to complete

modularization utilizing only audio&print.. The former

requires between 12,000 and 14,000 man-hours more to produce
(1e, 18 to 21 extra interns) and an LRC should be implemented /
to house its courses. But for some learning styles, and for
some kinds of learning, the absence of stimuli like the oncg\;;)

provided in TV, ST, CAL (provided it is not. used as a mere

page—-turner), and SG lessons is crucial for the learning

outcomes. Contrary to models like the UK's Open Univer%ity\

one, media other than ppjnt are given the task of conveying Q
1nst;uctional messages to the"student‘which are not provided
elsewhere, and which are essential ta the instructional .
process. - In other words, none of the eight media considered

in the m;del is supposed to carry only superfluous, - |

’supplementaty,°or even supporting fnstructional ) . ~

»
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comqunication.
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T

, The partial modularizatiop one-fear plan requirei,'too,

L3

!

the implementation of an LRC.whose charactetistics are very

'

similar to the one needed in the complete modularization e
lﬁﬁan. The latter would require only 4 extra carrels for

Audio/ST programs., If the constteing of a 1imited budget - i‘-, i
(ie, one year time-limit for the production proqrami waé nog”’
present in the actual situation, the complete modularization ' ';

plan would be favoured under any cost- effectiveness argument. }
1‘5 /

#vn

T

. . i ’ ; 9 -

4 : |
e . :
A few wordsg can be said about the implementation and
management of a tele~education system,agltﬁough these topics . 'b“~
arevbeyond the scope of this thesis. concetnihg the costs of w_(\

reproducing media-based 1n§trucﬁiona1 material, excellent .

work has been produced by Dean T. Jamison (cf, Jem}son,
1977; Jamison et al, 1978) in which he provides models.to |

forecast those costs as well as examples of their application
e

in projects carried out in some developed an gevelopinq E
nations. Although much more restricted, Rosenquist's (1975)

analysis considers some faqtors relevant t® the prodgctioq of

Y

3 . : _ V Y Lo
The organization of & system of tele—education, on the ‘
. ' o :

I

4
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other hand, has been discussed by: Anand (1979),« Chang Min
Phang (1975),. Erdos, (1975, 1976), Baefner (1975), Holmberg N
. (1977), BcD. Mitchell (1975), and Singh (1975); Qpecifi/cally.

3}‘cohcerningrthe UK's Open ilnéivetsitf, Hawkridge (1978), ‘ '

Harrissaln (1980), McIntosh et al (1977), and Pei‘ry: (1975) - ¥

provide a good overview of that system, ’
& n B

)

L
At present I have recognized one flaw, concerning ‘the

output of the reassignment algorithm, in tl'“\é model I propose
in thi§ thesis. Concept,vally, the reasignment algorithm is a
method aimed at a "democratic” proportinnal distr bution of
the optimization output (viz, ofi the optimal set of media
_hou:S). Ho\ve'vet, the result may not .alviay;s be satisfactory,
from an educational point of view, for the component’
subsystems. For exampl: suppose that a professor who has
asked for 2 hours of TV and 10 hours of Printfis told that’
s/he will lnstead be given ohe half hour of TQ

~of Print. Thi’s may prove to be far from an optdmal situation
from the instructional éesigner‘s point of view. Given that
s/‘he‘wi?.l not obtain the complete ‘2 haurs of TV, it may well
be that s/he would rathe/r,net usg) that medium at all. The

situation is still worse if the output is some weird numbef

Jsuct'n as "0.78 hours of Audio"; would this mean that Audio.

lessons sho‘uld be produced for that course gddi‘ng ‘up to

b,

E:’;‘-

and 11.5 hours -
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exactly-46 mingtes‘aund 48 seconds? Cerktam not. *

.Jv 4 . ¢« " .
Y ’ ! * > A B Y
The reassigned matrix is rather a framework, a starting

point from which to negotiate what the actual distribution

will be of the total number of hours through each of the

<

media among <the djfferent courses. This megotiat'ion of the

actual ins’trucﬁtiogal dbvel‘o'pment, however, has to be

)

undertaken by profe’s'sors seeking to optimize their

-

instructional .systems within the_ framework and 1imits’

provided by the optimization of the laréer syséem. If as a

result of those negotiation-.s the media matrix is modified in

such a way that, say, an extra 2,000 man-hours ‘are required

in the production program, no wise educational systems
plaj?ner, devéloper, or administrator would reject this o
increase as it is still affordable. But 1if the modxfication‘
per forped make a substantial increase, an ‘effort has to be
made to settle differences while trying ,to make p_rofessors"

more conscious about their™participation in a larger system.

-

)

}5’/15 advanced above I envisio’n’.ghe .existence of at

st two different and complementary perspectives from which

a design for a tele—education system should be optimized On

°

“the one hand, the system as a whole is subJect to .

administrative, socio-econonmic, as wellh as political,

€

:.7,4.,‘.*2»&:. : .
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. . " constraints. I eeve dealt in this thesis with a’possible way
of optimizing a design from the macrosystem's perspective.k °
To Hhese ends I have translated this into the problem of

- . eiﬁmer minlmlzing production costs under a set of
"eduddtional” constraints, or maximizing the "availability"
of instructional materHals under a fixed budget, 1In either

¢

| : .
case an additional set of considerations concerning °

/'
instructional design decisions was introduced, perhaps making

-~

the whole approach questionable until. a more definite ' i

knowledge about ﬁhe microsystems is available.

This brings us to the second perspective. As I’also ' .
‘poipted out above, an educational technologist is concerned i
wi€£ the optimizaﬁion of instrucéional processes, ie, with
the optimization of processes which occur in the component
subsystems of a tele—education one. For eiample, nne can ask
questions like "Which is the best way of making student 'X'’
learn 'Y'?', that may be broken down into other questions,
1ike "What is the minimum 'effort'o(time, strategies,®
resources, etc) needed to make student 'X' learn 'y*?", or

"Which is the maximum learning that student 'X' can obtain . 3

when trying to learn 'Y' under a given 'effort'?" ) ’ ;
’e\ . #

<5 : ' . .

-
y

To date there is no definite answer to any of these

questions; nor is there a positive indication that there can,

PR T, S o

\  or cannot, be one. In the field of instructional design much

J . .
more research has to be done if a knowledgeable, scientific,

'
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and syﬁtematic effort toward; the optimization of the
Processes that occur in the microsystems is sought. . As

_Daniel (1980) states, the éhallenge is there for educational
tecﬁnologké;s:

As mobility increases and life-styles
. ‘ : e

‘continue to diversify more and m§re

a

people will seek courses and programs

offered in a manner convenient ‘to their
schedules and place of residencé. pnly ( . NG
éhe combination of a systematic approach
to the design of learning experiences o
coupled with the use of appropriate -
commun ications technology will allow

institutions to meet those needs. o

Y
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(1) For a review of the applications of OR .-
. , ?
techniques (and in particular of LP) in
Educational Planniﬁq, see Vazquez-Abads j.
Mathematical Models inwEducationai Plahning.
) ' Unpublisheh manuscript, Concordia University,
Deparﬁmenévof Education, April 1980.
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- " APPENDIX A
A REASSIGNMENT ALGORITHM *

(Adapted from Brassard et al, 1980, Appendix 2)

0

v
F

This appendix deals with the development of a method for

" reassigning a media- mix matrix. The procedure used will be

discussed with specific relation to the problem dealt with in’
this thesis, but is both applicable to and useful in a wide

variety of similar situations. A simple interactive computer

- program has been written which can be used for any

application of this methed.
. s

‘Problem: When in the process of introducinq media into
an edﬁcational program, different media (TV, S/T,'P, CAE,
étc.) Are available. The media assignment is usually made by
‘the instructor(s) in consultation with a‘media expe;t based
on educational criteéia. Three decisions musé be made for
each of the N-numbefzéf courses in the program: 1) the
peroektage of each course to be offered through media; 2)
which media will be used in each course; and 3) tbe number aof
hoqrs of instruction assigned in each‘course to Ehe varfous .
média. w1th_£his information, a megiajmix matrix msy be

constructed. By assigning each row to a different course

(1,...,N) and each column to a different media (1,...,M), the

result is a matrix consisting of N rows and M columns. The

t

.y .&‘i‘ﬂ:dh}a‘- -
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{(i,3) element in the matrix represents the number of hours of

' However.{ constructing such a matrix using only

educational considerations could quite conceivably result in -

a pzjgc“ticallyi unfeasible p:;oposal. Costs, in terms of “
materials and/or time, could render realization of the

*ideal™ matrix impossible. Budgetary ccnétraints must .modify

the educational decisions first taken. The problem then T 3
becomes one of priorities, and what usually happens is that

the optimal accounting media—mix is crudely superimposed onto ;

the original matrix by modifying each element by the percent

change per column. This, however, ignores the original i:

educational decision as to the desifable number of hours per ]

L4

course: to be given over to media.. " o
Objective: The objective of this algorithm is to modify . 1
the media-mix matrix (ie, to reassign the hours of ‘
\

instruction in each medium for each course) given thé

feasibility restrictions which impose new totals for each h
r

column while respecting the origihal educational decision as
to Ehe total number of hours of instruction that will: be:
offered through media in each course (ie, maintaining the

v

total of each row).

Method: The method :’lproposed is an-iterative

computational one. The following notation will be used:
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xij is the (i,j) element in the ﬁatrix; that is, the

number of hours of instruction in.cogrse #i that is
. : 17

offered through media #j (i=1,...,N; j=1,...,M).

! Aj is the total numbe& of hsurs required of media j in

all N courses; thus,‘Aj = Ei X
(=t

93 (1)

iy ¢

Ci is the total numbertéf hours in course #i that will

be offered through media;

“ .
thus, C; = Z‘J‘ Xg5 0 ¥i @)
4 . ,

N 4

The new policy establisheé a new value for Aj ; therefore,

DI DU

ééua;ion (1) will not necessarily hold ‘after the new policy
is implemented. Let-us call Bj the actual sum in equatian
: N )
(1}. X ?
\Bj = Z‘, Xij" Y3 ’ (3) ' . /T\*,, |

We will assume further that the new policy has not changed ; -

the total number of hours of instruction that will be offered

through media. Thug, o
By = ). Ay = ic = T. , . 3
,,":i j I‘,:l J Lo i
— ®

If for each column j we define Ej as, being the quotieht

A;/B;, and multiply the elements X;; by Ej, the

!
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result is: ! . )
! - )
(1 .
X',.= X..*E.= X,.*A./B.
15% X13"E5= Xi5™B5/B; o |

L . ‘ R . ‘ ' : (4)

e B A4

B U

Now in each column, the following is true’.’ (The

nex t—to-last expression is obtained from equation (3)).

J N L
v {
X',.= .. *A./B:= '
Z 13 Z,xlj AJ‘/BJ ‘ ,. q |
§
=(A./B.)* K] . Y% .= .
| (A5/83) Z Xj4% (A5/B3)*Bs= A,

8

However, after this transformation with its resulting

» new x'ij v equati'on (2) will not necessarily work.

t

o Therefore, let us assign Di \the new value for Athe sum of the

e ke e it S vt 3wy

row elements in equation (2) such that:

L3 Di = Z X'ij___: - Vi (5)
J=4 .- e .

"In each :row.i wé define Fi as the quotient C;/Djand

times F“i, resulting in:

- multiply the elements x"ij

0y

=

XTgg= X'yg* Fym X'yy* Cy/Dy

. o N (3]

3 ‘ " AJ

RS e, q.vu-)uav". *

In each row, then;

M i - . ¢
éx'ij' 1 X'y *Cy/Dy=l

A

(Cy/Dg) * 2 X!(y= (C4/Dy)*Dy= ¢y

N < , , . A
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Traneforﬁy‘ation (6) will, however,; change the matrix )

elements so thet equation (1) will not necesse‘rily be true.

If one repeats “the entire procedure, new values will result '
for the matrix elements, and successnive iteretions will

“produce closer approximations to the solution sought.

Because of its it\era-tive nature, the procedure should be °
stopped when an a;ceptably,close result is obtained. 'The
cri;erion'for deciding Qhat is acceptable can be @ariced; for

; this problem the criterion related to how close the rows and

columns approached guadratically thie target numbers. That'

is, if an upper limit ¢ for the error allowed is asslgned,

) \
) the ‘iterative procedure is stopped when: . .
; B
(A5 - B51) %< ¢2 aND
’ © e
(¢ -0y ) %< €&? |
. t
i . A very ;imple interactive computer program was written
in FORTRAN IV-PLUS folldwing the method described here. It
- cT T .was implemented in the CDC-6000 CYBER-174 at Concordia
L. ) “ " ,
oo University, and was used to. obtain 'the reassigned matrices of
this thesis. A listing of the program is avg;lable upon - )

request.




