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Abstract

PR

This rescarch represents an effort to move toward an operationally
defined theory of curriculum construction, A computer based system is
presented whose action is to gencrate highly indivi&ualizcd curriecula for
a wide range of students with diverse backgrounds, characteristics, and
cducational objectives. The goal 1is to simulate an omniscient, perceptive,
indefatigable. human educatibnél consultant and curriculum designer, This
research prescnts an operaticnal example of wh;t has been called computer
constructed education (CCE), -

Uses for this currenély operational system are briefly discussed, in=~
cluding use as a course supplement or substitute, course design, and educa-

tional resource evaluator, The current system's status is also noted.
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Introduction

The project to be described represents an attempt to deal with a
hitherto untreated aspect of education: the creation and distribution

of individualized curricula for diverse educational goals as desired

and formulated by the student, where every curriculum is tailored t;
cach student's charactcristics.l/ The goal of the project is to construct
a system that can generate, upon demand, scquences of information about
educational matcrials and properly organize such information in a curri-

culum best suited to cach individual user;

There are several justifications for this specific goal. The virtue
of increased efficicncy in éducation need not be argued here; we take it
as given when two-thirds of the 2300 institutions of higher learning in
the U.S, are in.what the Carnegic Commission on lHigher Education calls
"financial difficulty". “the benefits of individualization have bgen
acknowledged and pursued by an awazingly diverse range of educators,
from Robert Glaser (Bolvin and Glaser, 1968) to Ivan Illich (1971). 2/
Our primary justification comes from the observation that one of the
most important aund sophisticated tasks of the live educater is the detemr
mination of thc appropirate goals of his students and the selection and

organization of materials to achieve those goals, This is not to say that

the job is often done well, but rather that one of the reasons that it

1/
This work wvas supported by gronts from the Ford Uoundation and the Inter-
naticnal lusincess Machines Corporatiom,

z/h cevere eritic of "schoolingY, Illich Luggosfs'a redlstribution of education,
erar {ron contralized fnstitutions such as scuools, through “learaing exchames”
Q that, in our view, wighe becowe feasible thivough massive applications of
ERIC technolopyy such an we are supgesting,
o



is usually done porrly is that it is extremely difficult., It requires
that thg educator have access to an cnormous nmbunt'éf potential material,
an accurate assessment of the needs and abilities of the students, and a
means, Lo relate the two,

‘)' The problem is not the availability per se of information about

gl PN

v educational materials, for that comes in a never ending stream from

¢

publishers, colleagues, special information services, professional
groups, libraries, etc, Information is available nat only about con-
ventional print materials, but about every other form of instructional
technology ranging from video tapes to computers, from special approaches
such as simulation games (Zuckerman and Horn, 1970) to collections of
course outlines (IBM, 1969) to reviews of reviews (Zinn, 1970).

Thé problem is the intelligent selection of mat:rials that are
relevant to specific educational needs, goals, and abilitics., The
history of technology in education has been to transform scarce labor
icputs into reproducible and readily disseminated capita! Froam the
invention of printing t§ the utilization of computer technology, the
goal has been to efficiently distribute the scarce talents of the best

2
humans in a field. EAS/SFED ‘/is such an attempt.

Overvicw of the Svetem

The EAS is a system that can generate a curriculum best suited for
cach individual uscer, The potential user is a student with an educa-
tional goal ranging [rom something quite specific to a totally general

(or ambiguous) goal,

3/

LAS/SLID:  Educational Ascembly System for Student Lxecuted Educational
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The only constraint is that the goal should be achicvable by completion
of some sequence of educational materials, é.g., books, lectures, films,
courses, scminars, tapes, articles, or problem-sets, Given such a goal,
the EAS functions as would an enlightcened educational consultant who had
a vast awareness of wmost arcas, subject material, job requirements, ctc.,
and who had the time to serve the particular nceds of this individual
student. Such g-consultant would be expected to suggesﬁ a program of
actions tailored to the student, the completion of which would accomplish
the given goal,

The basic components of the system can be divided into two parts: a) struc-
tured descriptions of educational goal and material (modules)and b) a network
of word rclationships (a semantic net)., Both of these are created by various

subject-matter experts, The user inputs his goal, including information about

the area, level, time he wants to spend, et¢., Then the.system iatcracts
with questions abouc possible inconsistencics, his praro%uisitcs, and other
relevant information. The EAS programs attempt to "understand" (as will

be explicated laver) the student's goat and then searches for modules

that satisfy the goal and the side constraints, Further interactions

may occur between student and system, Finally, the student is prescented
with the optimal curriculum, At this point, he can veevele atbany'

desired level of detail, or he cen leave the system and pursue his
curriculun, (Note that the EAS <oes not retrieve the actual materials;

it directs the student to them. In fact, it is more accurate to say

that the product which the system generates is a study guide, individ-

valized to a particular goal and student,)
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To summarvize, the goal is to maximize the capability fde distribution
of edpcationul resources of all kinds, upon demand of the student, in a
high1§ individualized and tailored fashion (while maintaining cconomic
feasibility, of course), The solution takcg the form of an elaboraté
aud peveeptive educational consultant (albeit a programméd one),
Through an interaction with the users, the system can appropriately
evaluate their needs, and has at its disposal a huge and varied universe
of recsources to vecommend, whereby the educational goal of the user can
be achieved, It chooses from its repertoire, based on its Internally
created nwdel of the domains of knowledge, a suitable and accessible
‘sequence that would best scrve the particular user of the system at that
time. Although cognizant of the dangers of acronym pollution
(Sailshury, 1971}, we fecl that our system can best be described as
an operational cxample of computer constructed education or CCE (Evans,1974).

We shall pursue some of the details of such a system in the sections that

follow,

System Organization

One of the wain preblems involved in creating the system is achieving
compatibility with the various pieces of information that need to be conm-
pared.  ‘the syriem needs to cowpare prerequisities that the student has
accorplished with the target geal that the student has, as well as with
other goals the student may be assigned as a result of his desired goal
that is being fulfilled., 1In addition, there is the cowmparison of all

these goals with goals the system has stored that it can serve (svch goals are
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"scrved'" from the MENU, the module entry universe, which holds all the
encoded medules fhe system can describe to the student,) All these
issucs of compatibility are resolved by the definition of an educational
goal., All goals are described in a limited, formatted mode of expression,
which includes several parameters, These parameters include the area
about which the goal is concerned, the level of difficuity that the

goal is set at, Lﬁe mastery level, motivation level, th; media, and

the time spent for thé goul, Thesa parameters are set depending on the
type of goal being encoded. A prerequisite described by the student
gives the area he covered, the media that was involved, the time that
was spent, ete, The goal the student desives is a listing of the area
wanted, the media preferred, the time wished to be spent, etc, As a
result of defining an educational goal, all prerequisites are given as
goals accorplished, the target goal is the 3051 desired, aud the other
goals nceded for the desired goal to be accomplished become subgoals

to facilitate the accowplisinicnt of the goal. The specification of a
gorl, given in this formatted form, is the language of.goals; it is

the lingua fronca of”the system., The most complicated part is the

area part of the goal which gives the subject matter or area of the goal.
Concept or area names can be joined with such connectives as "or', '"and",

and "inctuding'., The satisfaction of a desired goal by supplving the

necessary subroats so that the goal can be accowplished by that particular

student is thae objective of the systom, 1t may use the prereguisites of
the student (as subyoals already accomplished in licu of re-assigning

them)., 1t may alsoe nced to assign sub-sub-goals to accomplish the



subgoals, An example of the output of the system with the sub-sub,.,

subgoal cxpansion 3is found in Figure 1. 7he details of the repcated

assigning of more and more lower-level goala unfil a level is reached

so that the student can handle the initial goals is the subject of

another ovganizational delincation which we shall now pursue: content

and structure modiles in the module entry universe (MENU) of the system,
Given a particqiar goal, a corresponding module's purpose is to fulfill

that goal, Thus a m;dulc is described by the goals it fulfills, lence

cach module represents a possible goal that a student may have, and to en-

code a module is to cncode a (possible) goal. We divide modules into two

types: content modules and structure modules. Content modules are asso-

ciated with specific material, the accomplishment of which satisfics the

goal which the modulce corresponds to, 1n such cases particular rescurces
’

are specified to be vetrieved in order to satisfy the goal, The '"prerequisites"
]

section of a content module asks '"what 1is needed to handle these résources?

Structure wodules are ofton associated vith more general goals Chat
are in turn dependent upou general subdomains, 1In this case, goal
satisfaction does not require that resources be retrieved directly;
instead thiere is the nced to specify subgoals, whose satisfaction will
permit the accomplishment of the original goal,

To exemplify these tvo types of modules, consider two goals;

(1) "I want to lcarn about 'theory of the firm' at an introductory level”

and (2) "1 want to learn about '

managenent science' at an introductory
level”, If we wish to encode modules to satisfy these two goals, in

the first case we may encode the book by the same name, The mastery

ERIC
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of the book will be the suitable action to fulfill the goal. Prerequisites
to reading the book might be an awarcness of basic economic issues plus
some mathematical aptitude., This is a content module, In the sccond
case, we might structure the field of management science as consisting
of the subdomains of operations research, economics, and industrial
administration. ﬁnviug done this, we note that the mastery of these
subarcas at an introductory level is a suitable action whose nccomplishmcht
will result in the original goal being fulfilled, Hence, the goal of
understanding the material in this module implies fulfilling the subgoals
of "learning introductory operations research, economics, and industrial
administration'". There is no material, pex ig, that is to be retrieved,
This is a structure mnodule,

The di;tinction between structure and content modules is somewhat
arbitrary, but counvenient, Structure nwﬂules keep decomposing goals
into subgoals until a lével of subgoals is reached whéreby there is some
suitable watevial or physical resoﬁrce that will satisfy each subgoal,
Maintenance of this dichotomy between content and structure preserves

the modularity of the systoem,

Handling Real Goals: Problems of Ambiruitv, Tl1l-structuredness, and Conternt

With the system as described, the task of the routines would be to
compare the desired goal with the possible goals stored in the MINU,
selecting one appropriately matched, expanding any required subgoals
_ by re-entering therm as yet other goals to satisfy, while checking the
student's prerequisites, previously assigned modiles, etc, Sce Figurel

preceding as an example of this descending expansiou,



However there are several difficulties involved. These difficulties
will require elaborate mechaniems to aid in the;r solution or resolution,
We ehall remark on some of . the difficulties, then describe‘the outline
of the attack, Further explication of the mechanisms will be left for
the examples that follow,

The first diffiCulty arises when the student is interrogated for
his goal. The goal must be analyzed for consistency and suitability,

To do this, we must have én idea of the relevant prerequisites that

the student has, In turn, since he can not be expected to know what:
will be expected of hin, wé must be able to suggest the main areas

he should consider when giving prerequisites, Tn addition, the sutta-
bility of his goal relies on the compatibility of the generality of

the aféa he wishes to finvestigate aud the level of difficulty he wishes
to pursue. These measures must be defined in order to make estimates
of such aspects of compatibility and suitability,

In addition,a goal may be specified ambiguously or poorly,the student using
the wvrong or improper jargon for areas he does not understand(which presumably
may often be the case since he is requesting educational information about the are:
This ambiguious statenent must be comparable with the more properly posed
descriptions of modules in the MENU, which professionals havé encoded,

TLero is also ic issue of structural alterations of the goal to permit

a match, That is, the goal "A or B" wust be matchable against "B or A",
and presumably even matchable against "B" as’well as "A" since the intended
meaning of "or'" would allow eithier one to suffice, There is also the

issue of context, In some contexts, an example of systems manageument

¥
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might better bé chosen as a module concerning inventory control if the area

of interest of the student is management science rather than an example of an
ant colony (unléss the systems management concern of the student is in such a
context) . Determining the context 1is an important aid in_eliminating certain

classes of ambiguities as well as making better choices for modules

for the student.

Finally, there is a need for some kind of interprctation of a re-

quest for an arca so that related aveas may be suggested that are not
preciscly the onc described but may well do for the student (assuming

the student may have posed an essentially 11l-posed goal, or in some

cases onc that just does not fit the MENU's capabilities)., 1In either case,
the ability to suggest an essentially equivalent alternate of a '"best try"

is important if the system is to be as flexible as would be expected of a
consultant, These problems are treated extensively by the system, An overview
of its methods will now be described below as it attempts to handle the

problems mentioned above,

The heart of the solution involves the construction of a semantic

net with operators on that uet. The net is an extremely large collection
of terms, Including il terms used in Lite MeNU ol described modules,

as well as many otlicrs, Each of the terms have various pointers to
other terns, Yor cach term, and its collcction of pointers, oune of

the pointers indicetes those terms which cancompass or include or imply
that teras, anether pointer indicates all teras which are esuentially
equivalent to that term, and a third pointer specifies all terms that

are implied by, or derived f{rom, or are subscts ol that term, 1Uf all
knowledge were pertectly hieravchical, we wvould have a perfect tree

structure oif the description or taxonony of knowltedge., MHNowever arcas
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and topics and concepts (which the terms vepresent) are interconnected,

lack a strict ordering, and are in no way strictly hievarchical, Thus

thie representation of this structure of knowledge involves an interconnccted

net, convoluted, turning on itself, and in general quite complicated, This
interconnectoed net is the semantic net used. It is created by collecting

the mini-vorld of higher-order, equivalent, and implied terms around any one term
any one encoder uses (a specification task required of cach encoder

who contributes to the MENU  ecach time a module is encoded ), The

system intergrates all the terms into a cohesive, complete net that

includes all the wini-worlds collected and connected together. The

details of semantic nets and their construction uvill not be reiterated

at this time (see Evans, 1973 for a full elaboration of the EAS/SEED

application). The reader may wish to consult the general description

of such nets (sce Shnprfo, 1971) or particular applications that have
been emp loyved oise;hcrc (Quillian, 1966; Wirograd, 197¢). In addition
to the semantic net is the juplicit net defined by the structure and
content modules in the MENU, since cach module 1in the MENU may specify
other subgoals necessary for the completion of that module., such
specified goals being "linked" to that goal; thesc ygoals (which possibly
correspond to other modules in the MENU) in turn may point to others,
etc, Hence any one nodule in the HMENU may point to other nccessary

lower subgoals satisfied by the MENU. 1IL is important to note that a module,

Y

as a goal, points to other subgoals, not other (sub)-modules. The system

"avaluates' what modules may satisfy a subgoal, depending on a student's
prerequisites, the context of goals alrcady assigned, etc., Each sequence of
chosen modules from the MINU is further student-dependent since at any one

point, his prerequisites may fulfill a needed subgoal and hence terminate
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that branch of assigned goals, In addition, the context of his prerequisites
and agsigned modules together with his vesponses during the earlier interrega-
tion phase create a particular context for each student which may differ
from other students, all of which can further affect module assignment,

Within the context of the assigning of modules from the MENU,
the system performs a series of relaxations on the goal, as is
necessary, in order to relicve some of the problems mentioned above,
These relayations take the form of a series of semantic and syntactic
relaxations, These will be described briefly{ by way of cxample,

Assume for the moment that tné goal of the student was Hquantita-
tive methods” at an introductory level, a desire of mastcry to equal ’
making a B in the study effort, a motivation level of 5 (on a scale
of 1 to 9), any media being acceptable, and a time of 2 weeks which
he has alloted. The main problem fopuseé on the arca which we shall
assume in this example matches no entries in the MENU, (Though the
systea performs other relaxations on the time, etc, based on an
evaluation of the geal, we 'shall not consider thew at this point;
we shall Jook only at the area relaxations.). Ohe such re[axation
that would accur, after other efforts failed, would be the expansion
of the goal ianto "quantitative methods or operations rescarch”. This
additional term 1s provided by the semantic net which would determine,
by operators oun the net, that the term added was sufficiently close as
to permit an expansion without serious loss of intent, Later, if further
difficulties continued to arise in matching the'goal, one syntactic
change permitted would be changing the goal to read "“quantitative
methods including eperations rescarveh', Later, after further difficulties,
a possible alteration would include "quantitative methods including
linear programming', again such information coming from the semantic

net, These velaxations, depending on the collected universe of under-
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standing tho system creates from the micro-views of each cncoder of the
modules, ave at the heart of resolving problems of ambiguicy ‘as well as

poor or ill-structured gpoals,

Essentially, the net operationaly defincs the concept of
"eloscness" and "relatedness'" of areas or idcas. Aplying these measures
veduces the ombiguity to tolerable levels so that iodules
from the MENU may be picked which are suitable for the goals., Since
another problem vas a need to cue the student about relevant prerequisites

he should consider noting in giving his background, the net is appropriate
>

in this case for alding the system, The lower (or implied) terms in the
semantic net of the terms involved in his goal statement ace those sub~

areas that are highly correlated with the subgoals needed for that area

(or goal), Thus we retrieve from the'net the lower terms of the lower terms
of ...the lower terms of the terms that describe his goal which giﬂgs a

good cueing list for the student, Morcover as the student is assigned modules
that are necded to satisfy his goal,the terms of the area-part of the modules
form @ coutext that. defines the kinds of areas and concepts the student

will be working with, When two modules with diffurent terms are considered
by the sysbem Lo be suiteble, the operators on the net can calculate which
terma of ecach nodule are cleser to (the context of) teris already acsigned.
This discrimination permits choices of medules which are better fits for tho
student. 1In cascs where the module has the same terms, and the system

is to pick between them, the mini-world arvound the tevms of that wmodule

can be investigated by looking at the encoded module. For example, the
upper categorv of one module on systems operations may be biology (which

the oncoder notes at the time of encoding the module) while the other

wodule of the same name has computer-science, If the student is involved
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in programming, the net will ecalculate that computer science is closer

to programming that biology is and chose accorvdingly. 1In this way the
semantic net permits the system to resolve the problems confronting it

in choosing proper modules to assign, We shall now consider several
cxamples of part of the system in action. In the examples, we omit the
extensive interrogation portion which asks the studert questions, analyses
his goal, and rccords information about the goal, the student, his re-
sponses to suggestions made, ete, These procedures however are straight-
forvard and are commonplace in the computer science literature as weil as in

in many other application areas,

Examples of the FAS in Operation

In the first cexaaple to be discussed, the student posdd the goal of asiing
for instruction in the arca of "quantitative methods including lincar
optimization,'" [The special word "including" is used in the system to
mean "with particilar emphasis on the sub-arca of']. This goal was
poscd at the introductory level, with a mastery desired of the equivalent
of making a C, with a wotivation level estimated at 6-8, and time desiral
of 4 1/2 veeks, using any media., Such information is usually abbreviated
by the system as:

"quantitative methods inc{nding linecar oétimization/intro., C, 6-8,%4 1/2 wks.'

Nete that media is dropped if no preference is specified,
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As part of the fivst use of the semantic not (Which, recall, stores

the combined collection of cognitive maps of the various experts who

have c¢oded nmodules for the systen), the system prompts the student for

prevequisites that may be pertinent with respect to this goal, In this

test, the arcas prompted for included:

linear optimization

quantitative methods
dual solutions, dual problems, duality

linecar

objective functions

prograwaing

constraints
initial solutions
change~of-basis
censitivity

simnlex

cwrnethod

Given the student's goal,there are no such modules described this vay or

which cven usz some of these terms, Using syntactic expensions of the goal

together withi scwantic relaxations (which will be pursued further),

the progran considered six possible choices of modules that might satisfy

this goal,

linear
linear
lincar
lincar
linear
lincar

Side-steppin

programning
programming
Prograniiling
progravning
prograraing
programaing

These included those with the arca parts given by

including prime solutions
including problem formulation-
including geometrical solutions
including simplex-rethed

dual solutions

o the five erroneous ones {(which focused on somne particular as-

pect of linear progrumuing rather than treating it in general as was intended

by the goald, the progran properly chose the nodule "lincar prozrarming',

introductory, cte, [One might note that it also was not confused with a module

within the current universe described by "operations-research” even thoungh

this is another virtual synonvin with the term "quantitative methods'" which

doces occur in the goal statement, ]However, the system discovers that the
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available module is for a period of tihae much Jess than the desived goalls

timo; on this point, the module §s rejected, and hence a time failuve is
noted, Since rhié is the only related mbdulu the system finds sultable
(arca-wlse), it later would be reported as the best try though deficient in
time. Again we note also what the system did not do. Since the time was
out of range, the system allowed a small variation to see if that would be

sufficient to make this goal fit, After this relaxation, and its failure,

_the system checked to see 1f the evaluation of the goal suggested that the

original time request might have been a (suspected) poor choice, The system
finds. that no flags were set in the evaluation of the goal vis a vis time,
lence, failure is reported, In other cases, either small variations in the
time permit a match, or goal evaluation has made us suspect, and larger time
varintions arce allowed 1f trouble occurs on '"time",

In thn.ncxt example, the same goal is inputted, but thié time, the time
is altered, -As will bo seen, we shift to 1 1/4 days. The goal is'quantitative
methods including lincar optinlzation/introduction, Pass, 3«5, 1 1/4 days,”

For this sinilar goal a module is fouud that 1s satisfactory; it is given by

Lincer proavamaing/introduction,rs=s,9.3.1 day,
In turn this goal has several subgoals, which expand into sub-subgeals, There
are‘given in Figure 2, Sevecral points can be observed in the expansion,
First, when a module was assigned, and then later found appropriate again,
the systen reassigned it rather than assigning yet another module, When
the system could find no module that sufficed to fulfill subpgoals, 1t created
dumiy medules, in effect indicating to the s tudonL Lhe ncco:;alv acconplish-

; B * .

nents he vould have to achieve, In this part1cu]ar tosﬁ, one eubgoal differs
with respect to level from another; othewwise it is identical.\ec‘notc that :hd

system did not falsely relax the level (one of its options)‘theréby using‘one or

the other module in bbth plnces. Often, what the progrdm‘does not”do-is aS‘impor-

tant as what it doh§hdo. In addition, different’ hcuristics govern the troatront of

~ the original (studont‘q) goal in comparison to- the subqequont qubgonls noodod to be

4”satisxicd In bonoral, subgo aal UOdulQb are ovaluated differcutly thnn tho top ILVGl
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target goal: quantitative aethods fncluding Hnear optimfzation
ficroductory,l, 3-5, 1 1/4 Jdays

accepted nealr  luear programaing/intro,,1, 3-5, 1 day : .
module: . :

(#1)

tarpot '
subpoal:  linear optimization or primal simplex method/intro.,2,4-6, 1/4-1/4da.

accepted:  linear prograrmaing including simplex wethod/intro.,1,2-6,2-4hy,
nodule ‘

(#2)

’

target sub-sub-goal: linear prograsmiang including problem-
forrulation/incro,,1,2-6,1-2 hours

accepeed oodule: tincar prosramming including problem-
()] forrmulation/intro,,1,2-6,1-2 hours

target sub-sub-goal: lincar algebra or matrices/intro,,
243,6-9,1-1 1/2 waeks

no accepted module; dunrav nodule assigned directiag the
student to: lincar algebra or matrices/intro,,
(743 2-3,4-9,1-1 1/2 waeks

. *

[iargct sub-sub-goal: linear alrchra or matrices/intro.,
2-3,4-9, 1«1 1/2 wecks
sslfncd rodule 4

target adule: liuear progrwuning {ncluding duality/intro.,2,5-7, 1/4 ~ 1/2 day

accepted: line sramming ineluding dual solutious]intro.,
1 ,

¢ module(:5)

rtarget subgoal: L,P, including pradlem fo:nulatlon/intro.,
1,26, 1-2 hours
assigned module 3 to fulfilt this

-

target subroalt  louecar alechta or matrices,
intro, ,2'3."3'9,1‘1 12 weeks
assipnecd module #4 :

target subgoalt linear sroccatstog includingy simnlex
mc;hod/intcxhcdiute,1,2-0,2-4 hours

no accoptable rodule found due to level'
| assip nod noJulo o

Pigure 2
I An cxpanc(on of. thc paal
ISR linear pro,rn!mtn /ln:ro..l 3s3, 1 dny
;) o L ,

‘Jﬂ[ﬂzJ!:{;fl-

A 7o Provided by ERIC
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goal concerning the relaxation allowed on the goal parameters,
The next example re-cntevs this same goal once again, but in this cusé,
the student jadicates a prerequisite of introductory linear algebra pursued at

a nastery lovel of an A (encoded as "4") in the course, a motivation level of 6,

Lor 6 weeks duration:

. -

linear algebra/intro,, 4, 6, 6 weeks, .mini--course,
We note that a subgoal of "lincar programming including problem-formulation
included the subgoal:

lincar algebra or matrices/intro., Fe0, 4-9, i week.
The program determines that the prerequisite will suffice (in fact the pre-
requisite claimed is much more than enough--«a fact that does not confound
“the evaluation), and so assigns the claimed prerequisite, Producing the tree
given In Figure 2 with the exception that we now have moduies for
Lincar algcbru, as shown in Figure 3,

In the next examples, we have a desired goal of the form "(linear pro-

gramaing or operations rescarch) inclﬁding siiplex method," where
the associated level desired is advanced, with mastery of ¢ {or "2"), a noti-
vation level estimated to be 7, and time to be invested of 6 weeks. This
particular goal points up the capability of the system to handle very complex
arca-parts in the statements as well perform quite extensive and claborate
syntactical and semantic transformations ou such goals, Some of the more

obvious transformations iuncluded:

( (operations rcsearch including llnear progy amming) ineluding
51mplex wmethod )

,(‘(operatibns rcseafch or lincar progranming) 1qbluglhg :
- R S : sinplox “LthOd )

'oporationq roeoarch including simplex ncthod
’~11near progrnmming including simplex mcthod

‘:simplox method or lincar progrmmning

s
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oa lovo .
modulo _
\ ) .
nodule
\ #2

B

module
#3

module target: Linear algebra or matrices
#a : 1-11(:1‘0- 3 1, 3“'5’ 1, da)'

accepted profile entry: lincar algebra
intro,, 4,6, 6 weeks

e e 4 e

asgzggod
profile

module
1

u“\}b Lodd

profile

module
#h

(UGS e

module
+2

— s s ot

£igurc 3

L\paHQion of Cotl tino Accoptcd Pxofilo Fntry
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In addition to syntactic transformuations, the crucial semantic alterations

are forwed ; some simple ones include:

lincar progrvamming including prime solutions

quantitative analysis including lincar optimization

In thié particular test, the program converged -tu two modules, described by
the aveas "linear progremming including prime solutions” and "linear program-
ming including simplex method™, Since these tvo candidates both had a level
of "introductory'" versus the desired "advanced", and since there was not
sufficient reason to relax the desived goal to the above goals, the program
corrcetly terninates with a ddsc;iption of its failuve to find a module with
proper "level., In the next test, the desired goal was similar, but with a
reduced level, so that a "hit" could be expected - and a reduced time to make
the goal well-posed (reducing the number of flags that might be posted). The
systenm again focuses on these two modules, choosing the best cholce

cof the two, "lincar prograuming including simpllx method", It proceeds‘to
create the rest of the curriculum bart of which is given in Figure 4,

In another test, the system considered the general goal area of '"operations
research", generating the first level of subgoals as given in Figure 5., Each
of these in turn were expanded,

Other search procedures are in evidence in these tests, though it would
take a series of tests in which the desired goals and the module universe dif-
fered by sone sliéht variations In certain parameters to cause these diffcrpncos

~to appear. For instance the system chooses fhose mbdulcs whose subgoals appear
snti fiahlo hv'the Syqtcm‘oﬁef mddulon OhOSG'subgonls (of~a smailor hérccnt
i°,of whoae subgonls) do not 500m satlsfiable. In addition,roach parnmeter of mastery?’ 
: motive and medxa is optimi?ed against each other,all other things being equal, |

<rfin addition to handling the complicatcd cases where some of each of the parameters‘k
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top-level target goal: (lincar programming or operations rescarch) i
including simplex method/introductory, 2.7, 1/2 day

. LY
assigned module #1: 1linear programming including simplex method/
introductovy, 1, 2«6, 1/2 day

3

K}

subgoai: lincar programming including problem- formulation/
intro., 1, 2«6, 1-2 hours :

accepted module #2: lincar programming including problem
formulation/intro,, 1, 2-6, 1«2 hours

sub-subgoal: lincar atgebra or matrices/intro,,
2-3, 4~9, 1-1 1/2 wecks

no nmodules acceptable: assign duany wmodule 33
subzoal: lineoyx algebra/introductory,, 2-3, 4+9, 1 1/4 week

accented module #3

-

figure 4

Partial satisfaction of,£0p~lcve1 goal

*
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ﬁ\\\fﬂiiiiions-rescurch/1, 1, 3~5, 1 1/2 weeks
¥
5 Lineav-progravening/1, 1, 3-5, 1 day

\\\linonr-progrnnmﬁng INCLUDING prime~solutions/1,3-5,1/3-2/3 day

lincar-programming MCLUDING dual-solutions/1,1,3-5,1/3-2/3 day

transportation~-problem/l, 1, 3-5, 1/2 day

transportation-problem INCLUDING prime~solutions/1,1,3-5, 1/4. day
transportation-problem INCLUDING dual-solutions/1,1,3-5, 1/4 day

critical-~ p“Lh-wothod/] 1,1,3~5,1 day

critical-path-method INCLUDING,problem-forﬁulatiou/l,1,3~5, 1/3- 2/3 day

critical~-path-method INCLUDING,solution-formulation/l,l,B-ﬁ, 1/3- 2/3 day

decision~theory/1,1/3-5,1 day

decision~theory INCLUDING problem-formulation/1,1,3-5,1/3-2/3 day
decision-theory INCLUDING solution-interpretation/1,1,3-5,1/3-2/3 day
forecasting-madels/1,1,3:5, 1 day |
forecasting-models INCLUDING problem-formulation/1,1,3-5,1/3-2/3 day

forcecasting=wmcdels IRCLUDING solutiou-techniques/1,1,3-5,1/3-2/3 day

\ scheduling-problems/1,1,3~5, 1/2 day
“"
\§:hchedu1ing-problcms INCLUDING problem-formulation/1,1/3-5, 1/4 day
scheduling-problems INCLUDING solution~ideas/1,1,3-5, 1/4 day k

inventoyv-problems/1,1,3-5,1 day

NN

inventory-problems INCLUDING problem-forrulation/1,1,3-5,1/3-2/3 day
L]
inventory~probloms INCLUDING solution-interpretations/1,3-5,1/3-2/3 day

; OpelaLIOWH -research TRCLUDI: G~npplicatlons/1‘l 3-5,2 d ays

S “3=6,all 4-06 hours
0 R, IVCIUDI\G (applicacionq AND docision-thoory)/l 1
o " 3«6, all, 46-hours -
0, K, IhCLUDI¢C (appligationa AND critxcal anh-nethod)/l 1
o , 2-6, "all, 1«2 hours L
fR. IhCLUDI\C (npplications A\D 11near programning)/l 1,, S

\Ri; 'R, INCLUDIhC (applications AND inventorv—problomq)/l 1

3 -6, all,
: s Pigure 5
S T | ‘ ‘ L : L
R . rpartial oxpnnﬁion of hub}Odls of the t0p~lchl
vJERJ!: ’ \ : Opexationﬂ Rusoarch




ave satisfied to varying degrecs, This gearch goes on in conjunction with
relaxatlon of parameters if goal analysis prompted us to anticipate tronble

on some particular parameter, Finally, the system makes discriminations along
"eontext", such a context being built up from previously assigned wodules as
woll as other information collected during the godl-input phase;u'Such infor-
mation is requested on a "need to know! basis, where a heuristic reclpe csti-
mates the amount of information that will be requested, Such a recipe number
-(corresPQEding to levels of inquiry) based on the inputted goal, ctc,,

is calculated by the system,

Although'fhe coﬁplcte dhtputs of all Lhé.teéts run have not been included
here, the feasibility of the design proposed for an ecducation asscembly systom
for student-executed educational design has been confimaed by subsequent ex-
pevimentation, "In addition, th¢ encoding and collecting of cognitive maps
has been successful as well as its operationality demonstrated, The complete
results of an EAS/SELD  experimentation involving several uses of the system
will ba the subject of another report, We next turn our attention to some of
these uses of such a system,

Uses of an FAS

Currentiv, we are considering seven uses of our system in a test program,

These are presented below,

Use A: Intra-Coursc Supplenent

Assuming that the faculty member has supervised the creatipn of modules
and 2 net corresponding to the particular course he is teaching, he wmay wish
to offer independent studies as part of the course (perhaps toward the second
hali after intlodu;xv thc basic material, ete,), He nay wish to allow morve

_moLivated sluduntq to invostigate a large number of rolnted adjncont, or more

‘spocinllfad areas with wh1ch ‘he docs not inte nd to conccrn the whole claes.
:Quch a qupplemontnrv cnpubility WOuld bc avuiluble via Lhe LAS sybtcm.~ It
wonld nct as-an 1ndopondont consultnnt in the cOurse (or to offor‘another’

N Qk‘yi”nnnlogy, a knmalndrnablg PlhLD, ,.Ludunt as an nqsietnnt in -the coursc, though
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in this case, constantly available),

Usa B: Full Course Use

A faculty wenber may wish to give (or sce supported) a particular area in
his field of interest, However, he may not wish to offer another course in
that area (especinlly in addition to his regular load for the semester), The
EAS system can accomodate such a desire. Since the system has as one of its
central features a semantic capability in ordex éo deal with fuzzy, ill-posed,
ambiguous, or poorly poscd inquires, it can handle students who wish to pursue
some arca bnt who have no real expertise in that arvea (for otherwise they might
very well proceed entirely on theiv own with no assistance from anyone), The
faculty member, by suitably superviszing the net Eonstruction, can make such an
independent studies course available, Such a course is given by and superviscd
by him; but it iz largely uvoattended and requires little resource investment by
him once the arcas have been encoded, Thus a university may nove from an envivon-
ment: of repeated course production tovards one of course management where pro-

fessors navaze the student's progrese rather than regulate )

Use C: DPrercquisite Resolution

Some universities already use an informal subsystem to accomodate students

vho do not have certain prerequisites, There may be video tapes on the use of
TSS, FORTRAN, ete, In addition some departments may also rely on certain mathe-
matics courses taught in the mathematics depavtment for those who need or desire
such foundations, .This later resouréc is at times not optimal since there may
be purtial coverage of the material needed, or in other cases, ovorkill.‘ Thé
EAS systcm can ncConodaLc the demand for quite dlvcrse nueds for pru1equisite
 §ubjects that may support, impinge ov intersect;the pnrticular‘faculty membqr's
cﬁrroht éourse mntoriéi. A prOperiy crontcd net allovs5the sthdentﬁto adccéé
~a multitude of proxoquisito» at manv stagos (nnd nt variouq lovels, etc ) in

, ‘subarcas, as nccdgd NnL only are quch p1orequi°itos mado anWn (or gado cloﬁt)
Q T o S ~ , : [ Rl :
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to him, but the faculty is relieved of the burden of managing such diversions
for cach course, As a consequence, fewer assumptions necd be made about thc.
student, and the student necd inmpose fewer counstraints on his range of formal
“study, Moreover, the effort now divected in courses to establish prerequisites,
which is often given limited tiwe or resources (e.g., chapter 0 of the book),

may be rechameled elsewhere,

Use D:  Course Design

It is expected that as a faculty member develops a richer and more elaborate
network (ond as the system accesses other related networks), he then can use
the systom for course design, By entering the profile of the normative, hypo-
thetical student he expects to teach, as well as the goal that represents the
courses' subject area, he can use the curviculum generated by the system as the
basis of his own course outline for that subject areca, Since the system has
access to not only thet faculty nember's net but other ncts as wall, the aggregated
course producticn capaclty of the faculty becowes a partially shared 1resource,
In conjunction with use C, some of the wmore unrevarding parts of course genera-

tion (i,c, - prerequisice resolucion) could be avoided,

Use E: Subject Area Definition

In conjunction with the above use, when certain formal or official arcas are
entered as goals to the system, the system then presents a uniform way to definc
the expectations of coipetence in that area or domain, For cexample, the arca
of artificial intelligeace way be included as oue of the parts of a "systens
area' qualifier, at soite snocified level of compulence, The studeat eaters the
goal of avtificial intelligence at that level (together with the other descriptuors
“alloved), aad the resulting curviculua defines the expectativas of the school

for a student mecting that requirement,

CERIC

Aruitoxt provided by Eic:
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Use I's Resonvee Lvaluation

7 :

Agailn in the sawe contest o{ a molti~net envivomnent, the administration

(er head of a depatment, ete,) may enter certain goals, representing aveas or
topics he wishes to seo suppovted, Then the resulting curriculum becomes a
resource evaluator, The more the system can pull together various parts of
nany (perhaps diverse) nets and complete the curriculum, the more the total

cducational system already has the resources nocéssary to support such a goal,

The system is able to indicate the kinds of prerequisites and subgoals it was

scarching fov but failed to find, Where the curriculum indicates missing po;u

tions 1Is where resources need to be directed, 7Thus a vertain amount of inventory

control is possible,

Use G: Generalized Program Support

— o

By generalizing the multi-net environment to its natural limit and hypothe-
sizing nets that cover all the areas with which some program is concerned, we can
then use the system as the mainstay of the program itself, The student's main
taslk is to move through the het, extraecting the curriculum that best suits his
goals and completing that curriculum, The whole program becones defined by the
system itsclf, TFor example, perhaps a college wished to support a full political
science progran which it currently did not have for thoststudcnts‘wishing to
include the classical arcas of political science in addition to subarcas alrcady
support, ilowever, they may not wish to invest any labor iun the projcef (L.e.,
permanent faculty position). Then they might generate a net and collect the
resources that were desevibed in the net (c.g.,sbo.oks, (11lms, courses at other
colleges, journal articles)., The Iwﬁg‘WOUld'GCU as the supplement projram,
making available suitable curricula, as appropfintc, for a wide range of inquiry.
Nith a minim51 updating, a classical politieal science program could be made “Eﬁ

nVailablu, at a supplemental level, This use could of course be appliecd to the

.
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Though these uses represent some of natural npplicatiops of an EAS at
fustitutions of highev learning, there are ;thcr types of uses as well as other
environnenty,  One such use Is university accounting, An administrator might -
put. in hypothetical goals of interest, Assuning evéry module was assigned a
cost, the resulting curriculum could be a measure of the cost to fulfill that
goal, as all the individual module costs were totalled, Other arcas have been
suggested {or application, including the use of such a systen in a legal analysis
sctting, lMowever we shall not pursue such applications further at this point:

in tiwe,

-~

Gonclusions
The EAS/SEED system introduces another application of recent advances in
methodology combined with current computer technology. Moving past management
and analytis of Instruction and cducation, this cffort attewpts to define and
develop the procasses themselves involved in the creation of the curricula,
In this sense, this rescarch effort is an atteapt to move toward an explicit
forrmlation of an operational description of a normative theory of currviculum
design, The succuss of such an c¢ffort is the degree to which true computer
constructed education (cery con he achicved,
Yinally, we would note thnt-the systen absorbs and orgapizos thie most sipgnificant
part of its information and data store, the semantic net, by virtue of relying
on large numbers of lovalized arca experts, whose views are coagulated into a
coliesive whole by the syatoen,  In effect, the systen then is a hybrid problem-
solver; effcctively ﬁrawing on the cognitive maps of educators in order to attempt
to duplicate sore of their intelligent behavior, ‘fhus the problem-solving
Csynthesis involGos’a pan~machine mix, {[ the cognitive maps of the best cducators
are captured in the semantic net as the driver of the "1nte11$30nt” portion of ;hc
ysystem; thcn the syétcm will indecd Qistributc scarce talents over n‘widqr:range'
'f, '(thbugh,ﬁbt:wighguE'SOmé deétddayion of_pcrro:manée),’ An‘cffiéiéht‘diétrihution

o theniwould

- ERIC
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but as noted, this is accoaplished only by «a deeper understanding of the pro-
cessen, roethods, and organization of curriculum creation, Computer constructed
education attempts to auswer this question in an operational mwde, This system

is a first stoep tovard such an understanding,

Q-
'ERIC
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