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The Educational Research and Development Unit (ERDU) gf Fhé Graduate School
of Industrial Administration at Carnegie-Mellon University was formally established
in January 1970 by a five year grant from the Ford Foundation. In July 1970 an
additional two year grant was received from the IBM Cgrporation for work on a
specific project within the general purviewlof ERDU. This report describes the
research and development_activities in which ERDU hds been engaged during
January - December 1972. Prior reports (Klahr 1970, 1971) summarize the earlier
activities,

- The principal activity during this year has been the further development
and progrémmiﬁg for the Educational Assembly System (EAS). Although work has
conéinued in the evaluation of student attitudés, faculty productivity, and
teaching effectiveness, it has bgen proceeding at a much slower rate than
previously. This report consists of two sections, a description of our progress

on the EAS, and a brief summary of the status of the other evaluation projects.

THE EDUCATYONAL ASSEMBLY SYSTEM

I. Overview . . o
- Qur previous reports have described the overall purpose and scope of the
EAS. In this section we present a summary in the form of questions and

answers.
A: What is the Educational Assembly System (EAS)?

The EAS is a system that can generate information about educational
materials organized in a curriculum best suited to each individual user.

The potential user is a student with an educational goal ranging from

something quite specific to a totally gencral (or ambiguous) goal. The only




constraint is that the goal should-be achievable by completion of some

sequence of educational materials, e.g., books, lectures, filﬁs, courses,
seminars, tapes, articles, or problem-sets. Given such a goal, the EAS functions
as would an enlightened educational consultant who had a vast awareness of

most areas, subject material, job requirements, etc., and who had the time

to se;ve the pérticula; needs of this individual student. Such a consultant
would be expected to sﬁgges£ a program of actions tailored to the student,

the completion of which would accomplish the given goal.

A highly simplified sketch of the basic components is presented in
Figure 1. The data base consists o; two parts: a) structured descriptions
of educational goals and materials Gmgdqles), and b) a network of word
relationships (semantic net). ﬁoth of th;se aré created by various subject-
matter experts. The user inputs his goal, including information about the

area, level; time he wvants to spend, etc. Then the system interacts with
questions about possible inconsistencies, prerequisites aA; other relevant
ifnformation. The EAS programs attempt to "understand" (see Question ()

the student's goal;ang then searche? f;r modules that satisfy the goal and
the side constraints. Further interactions may occur between student and
system. Finally, the student is przsented with the optimal curriculum. At
this point, he can recycle at any desired level of detail, or he can leave
the system and pursue his curriculum. (Note that the EAS d;es n;t 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,

{ndividualized to a particular geal and student.
| 4
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How does it differ from a printed collection of curricula? Couldn't
we just keep the various curricula in a file and let the student
browse through them, choosing the one he wants?

Since the system exists as a computer program, we could indeed harnd
simulate the entire operation, Consider vhat it would require. Imagine that
some area requires three subgoals to be accomplished before the stated goal

can be considered to be satisfied. For instance, a student might be expected

to look -into linear programming (LP), decision-theory, and applications in order

to accomplish a goal of introductory operations research (OR). In turn, each

of these subareas might involve three 'subareas. For example, applications might-
in?lude inventory, scheduling, and forecasting. In turn these might each refer
to three different pieces of work, other subdivisions, etc, Thus we have 40
modules forming one specific curriculum- in OR. Notice, however, that the subgoal
of LP could have bgen a valid goal in its own right, Similarly, one might have
wanted to pursue just the inventory applications in OR. Hence, any one of the
various subtrees below any node is also a possible curriculum. In our

example, there are 40 possible subcurric¢ula. In addition, since the

-student might have any combination of prerequisites, any one of the sub~-

goals of any goal may be omitted in some particular case. 1In general, there

are as many different curricula as there are actually different combinations
of the vafious subbranches., That is, there are as many different curricula
possible as there are subsets. Since the number of subsets possible from

n items is 2“, we have a rather large upper bound (240 in our example).. In

. n
addition, 2= does not include permutations. Since sequencing is pedagogically

relevant in a curriculum, the upper bound is raised. Thus it is clear

that when one is talking about between 1,000 and 5,000 modules, the
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concept of keeping a conventional file tecomes, at best, clumsy., 1In
addition, we then add the issue of updating, changing, and editing onto
this large (Qnd repetitive) universe to clinch the argument that computerized

data management, and heuristic file handling is the only feasible approach.

(However, this does assume that the criteria of individualization of study,
and personalization of curricula holds. Needless to say, the status quo is

one of uniform curriculum summary with limited an&'specified variation.)

>

In addition to the sheer-size argument givén, the EAS system performs
other functions strictly orthogonal to a file's conventionally static
conception. The original incoming goal of the student is apalyzed and
evaluated. Inan interaction with the student the EAS generates suggestions
for improvement and allows responses by the student. Information gained -
duging this period is used to focus and limit search., The system has the
semantic capability of transforming a fuzzy or poorly posed goal into one of
a well-defined search procedure in a hugh search space. Ambiguity is transformed
into exponentially large possibilities, whose size is then pared (though not
quite exponentially) by a'heuristic search, relying on the trade-off of speed
of the search to compenséte for the size of the generated space, .

This effort, in real terms, makes the éon;ept of a file substituté inappropriate;
it is much like arguing that a 100 by 100 matrix can be inverted by hand by

certain efficient algorithms. It ic true, but no one would be willing to

undertake the task.

C: How does the system ''understand' the naive user?

The system's understanding rests on its use of a semantic net (in

conjunction with syntatic transformations) developed by the expert encoders.

This scmantic net contains information about each term used in the description

-~ -
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‘ of an& educational module. For example, one module may be described, in part
by the term OR. The semantic net might hold the information that OR can be
considered a subarea of applied@ mathematics as far as the use of that

module is concerned. In addition, the net holds the.-information that LP is

- -

a subarea of.OR (just as is'the transportation-problem, etc.). Then, when
the student asks for an area of applied mathematics that incl&des applications
to transporfation-problems, and when no modules are described thac tray, searchi
operators on the net will derive the possible substitute of OR including
applications to transportation problems. fresumably there is a module that
has this description. Net operators are part of the system design which we
believe will stimulate reasonable scmantic inference in this task environment.
B - Similarly, the student may hav: phrased his inquiry askew to the way the
module is described. As an example, the student may have been intergsted in
“OR or simplex-method."” Thus syntactic transformation are also applied. The
sys.em will search for Z module by this name (;nd probably not find one);
.however, it will also search for a module with the name "OR INCLUDING simplex-
method." Both semantic.and syntactic changes in the.ihitial goal are made
only when the student's original request cannot be direéiif satisfied, Such
changes are also made for internally generéted subgoals when such subgoals

are subsequently found to be not directly satisfiable.

D: What uses might an EAS have at a school such as GSIA?

Use i: Intra-Course Supplement

Assuming that the faculty member has supervised the creation of me-'iles and

a8 net corresponding to the particular course he is teaching, he may wish to offer

independent studies as part of the course (perhaps toward the second half
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after introducing the basic material, etc.). He may wish to allow more
motivated students to investigate a large number of related, adjacent, or
more specialized areas with which he does not intend to concern the whole
class. Such a supplementary capability could be available via the EAS
system. It would act as an independent consultant in the course (or to offer
another analogy, a knowledgeable Ph.D. st::ent as y;ur assistant in the

course, though in this case, constantly available),

Use ii: Full Course Use

A faculty member may wish to give (or see supported) a particular area

in his field of interest. However, he may not wish to..offer another course

in that area (especially in addition to his regular loa& for the semes“er).
The EAS system can accomodate such a desire. Since the system has as one

of its central features a semantic capability in crder to aeal with fuzzy,
1il-posed, ambiguous, or poorly posed inquiries; it can handle students who
wish to pursue some area but who have no real expertise in that area;(for
otherwise they might very well proceed entirely on their own with no -
assistance from anyone). The faculty member, by suitably supervising the

net construction,'can make such an independent.studies course available.

Such a course is given by and supervised b; him; but it is largely unattended
and requires little resource investment by him once the areas have been
encoded. (Thus GSTA may move from an environm;nt of repeated course
production towards one of course mauagement where professors manage the

student's progress rather than regulate it.)

Use tii: Prerequisite Resolution

) GSIA already uses an informal subsystem to accomodate students who do

not have certain prerequisites. There are video tapes on the use of TSS,

FORTRAN, etc. 1In addition we also rely on certain mathematics courses
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taught in the mathematics department for those who need or desire such
foundations. This later resource is at times not optimal since there may
be partial coverage of the material needeé; or in oth;r cases, overkill.
The EAS system can accomodate the demand .for quite diverse needs for pre-
requisite subjects that may support, impinge or intersect the particular

faculty member's current course material. A properly created net allows

the student to access a multitude of prerequisites at many stages (and at

various levels, etc.) in subareas, as needed. Not only are such prerequisites

made known (or made clear) to him, but .the faculty is relieved of the buiden
of managing such diversions for each Eourseg* As a consequence, fewer
assumptions need be made about the student, and the student need impose
fewer constraints on his range of formal study. Moreover, the effort now

directed in courses to establish prerequisites, which is often given limited

time or resources (e.g., chapter 0 of the book), may be rechanneled elsevhere.

Use iv: Course Design

It is expected that as a faculty member develops a richer and more
elaborate network (and as the system accesses other related networks), he
then can use the system for course design. By entering the profile of the

normative, hypothetical student he expects to teach, as well as the goal

that represents the courses' subject area, he can use the curriculum
generated by the system as the basis of his own course outline for that
subject area. Since the system has access -to not only that faculty member's
net but other nets as well, the aggregated course production capacity of

the facﬁlty becomes a partially shared resource. In conjunction with use C,

some of the more unrewarding parts of course generation (i.e. - prerequisite

resolution) could be avoided.



Use v: Resource Evaluation

[ 4

Again in the same context of a.multi-net enbironment, the administration
(or head ¢ a department, etc.) may enter certain goals, representing areas
or topics he wishes to see éupported. Then the resulting.curriculum
becomes a resource evaluator. The more the system can pﬁll together various
parts of many (perhaps diverse) nets and complete the curriculum, the more
the total educational system already has the resources necessary to support
such a goal. The system is able to indicate the kinds of prerequisites
and subgoals it was searching for but failed to.find. Where the curriculum

indicates missing portions is where resources need to be directed., Thus

a certain amount of inventory control is possible,

Use vi: Generalized Program Support

By generalizing the multi-net environment to its natural Fimit and
hypothe;izing 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 task i$ to move through the net, extracting the curri-
culum that best suits his goals and completing that curriculum. The whole
program becomes defined by the system itself. For example, perhaps we
wished to.support a full political science program for those students
wishing to include the classical areas of political science in addition to
the subareas we already support. However, we may ndt wish to invest any labor
in the project (i.e., permanent faculty position). Then we would generate
a nct and collect tﬂe resources that were described in the net (e.g., books,
filus, courses at Pitt, journal articles). The net would act as the supplement
program, making available suitable curriculd, as appropriate, for a wide
range of inquiry. With a minimal updating, a classical political science

program could be made available, at a supplemental levei. “This use could

a

of course be applied to the school or university level too.
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human, wouldn’t it be cheaper just to let humans do the job?
It appears not (or can be made to appear not). At this point, we must
make a host of assumptions because there are several educaticnal environments

in which the EAS might be utilized. Let +, ~+ the EAS with a "conven-

tional"™ approach in a specific application: the offering-of an individually

planned "major" in a single traditional area (e.g., psychology, math, etc.).’

=

We assume that a university wants to offer such a program to augment their
¢
existing program. A major goal of the program is the construction of highly
“ndividualized curricula that are tailored to the specific needs and
abjilities of students, Such curricula are intended to be well structured
and to indicate to the student the relations among the various prescribed
instructional modules.
1. Cost of EAS
a., We assume that the structure of an EAS (i.e., the search
programs, the goal language, etc.) exists, but ghat the content
aréa (e.g., psychology) has not yet been encoded. Thus, our
cost estimates will reflect the amortizétion of this initial
investment in expensive labor. .
b. The mainstream of a discipline can be captured by encoding
approximately 15,000 modules. This estimate is based upon
our experience with the areas of artificial.intelligence and
management science, fhe appropriate encoding of modules is.

central to the success of EAS, and requires the skill of

top level subject-matter experts. We estimate a total cost

of $100,000 to encode a single area as follews:

Given that the EAS is supposed to do the job of a talented and knowledgeable

PGV IDUP U
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1,000 modules from top experts: $ 15,000
4,000 modules from major researchers: 35,000 !
‘ 10,000 modules from graduate students: 30,000 |
$ 80,000 !

i . Keypunch, tape, computer time (for data entry) 20,000

$ 100,000 ;

; c. The annual cost of storing and maintaining the data base

§ . for these 15,000 modules is estimated at $20,000. This is

i , - a fixed cost, independent of actual usage, based upon existing
i : storage charges at CMU, assuming the 15,000 modules require 15
{ million characters of storage, plus some updating.

‘ d. The incremental cost of using the system is based upon the

number and duration of system-user encounters. Assume that each

student using the system has a session tc define his initial
\ ~ - curriculum, and another three during the semester to refine
and update his curriculug. Assume that each session lasts
i about 15 minutes and tﬁat connect and processing costs are

$5.00 for each session. That yields $20 per student per

semester. Assuming the student uses the system again during

the second semester, we get $40 per student. per year.

e. We estimate aggregate costs by assuming two ‘different usages

and accounting procedures.

i. Assume a small number of users (department) and pro-

rate the fixed storage costs across all users. For 500

students we have:




storage costs: $ 20,000
usage: $40 x 500 $ 20,000
$ 40,000

$80 per student per year.

ii. Assume there is a large number of users and amortize
encoding costs over 2 years., For 2,000 students we would
have:

amortized encoding costs (2 year period) $§ 50,000

storage 20,000
usage: $40 x 2,000 80,000
150,000

$7; per student per year (including 2-year
“amortization)
2. Cost of Conventional Approaches

a, Consider the labor input of consulting with 500 students so
that they can create and follow individuaiized*curricuia“of“the;ﬁ*' T T
kind produced by EAS, We assume that student-faculty inter-
action takes somewhat longer than the EAS int;raction. Thus,
each student consumes about 1 hour of faculty time (in each of
four sessions) per semester, or 1 man-day per year per student.

b. Assuming $20,000 per year for faculty member, including friuge,
overhead, étc., and 200 working days per year, gives us the cost

of that one man-day:

$100 per student per year
for "consulting"
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Another way to pose this is to estimate the cost of acquiring

a faculty that can devote 500 man-d2ys to consultation and

curriculum planning. Once again, assuming 200 working days per

year, we need 2 1/2 man years at $20,000 to meet the demands of

500 students. We require 2 1/2 man years x 20,000 or $50,000

per year, or $100 per student per year.

There is no reason to assume any economies of scale in the

man-to-man approach, so the per-student costs would be the

same for 2,000 students as for 500.

-

Comparison

We can,  summarize the annual per student cost as follows:

EAS

EAS
Students conventional without amortizing with amortizing
N encoding encoding
2 years 5 years
— 500 | 100 $80 — —_—
*
2,000 100 -- $75, $60
* *
10,000 100 -- $47 $44

*
Based upon calculations similar to Section l.e.ii

Fr—
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We estimdte that approximately fifteen thousand modiles will be sufficienc to

Creating the Data Base

As indicated in Figure 1, the EAS requires a data base consisting of

descriptions of educational resources that can be searched in a meaningful

way when the system is attempting to design a curriculum for a user. In

this section we will describe the procedure we have devised to collect this

crucial information from subject-matter experts.

A: Area definition

The first step in creating the data base requires decisions about the

general size and scope of the knowledge domains in which thé system will

operate., For our prototype EAS,-we have decided to work in the area of )
management science (MS). The EAS should be able to c;nstruct a reasonable
curriculum for a range of students whose educational goals vary from introductory
to advanced MS with an available time span of approximately 5 to 25 months.

In Figure 2 we have listed some approximations of the number of modules this

will require, as well as a rough mapping into more conventional academic units.

span the areas of knowledge under the general heading of MS.

B: Module collection

These modules must be created and encoded before they can be entered
into the system., Our collection strategy is to get a small number of top
level modules encoded by subject matter experts (e.g., GSIA faculty).

Top level modules usually descriﬁe the accomplishments of an educational
goal in terms of the completion of some sub-goals., We call these structure
modules, Ultimately an educational soal is described gn terms of some actual

activity that must take place (feading, problem solving, etc.). We call these



FRIC

PAFullToxt Provided by ERIC

o

= et VA Yaafedd
1., 20QU.2T 22082

A.types ¢f =modules

) Area Level. Time (academic yr.) Equivalence
’ in mini-
manasemnent introductory courses
science ~—~35 montns (% yr.) S courses
10 montas (1 yr.) g " i
intermediate , !
15 montns (1% yr.) 27 "
f 20 months (2 yr,) 36 " ;
advanced . £
T 25 months (23 yr.) bg v

3. number of modules

approximately 7 tovics per course ] .
3 sub-tovics per tovic "
3 sut-sub-tovics per sub-topic
3 modules psr course

s

X5 variations o =ach module

total of 315 medules ver course

Assunine 45  courses, we zet 14,175 modules,

-(In addition, assumina two calculus and one linear algebra courss: ;
as additionzl supplement, we add 245 modules, .

Gz/fgtal modules anticivated: 15,120 modules.

Figure 2

Size of Data Base for Management Science
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content modules. Our module collection strategy is to have top-level people i
devote most of their effort to structure modules - thus defining the general :
ot structure of knowledge in their areas. Content modules, and lower level i

structure modules will be encoded by Ph.D. students, since they are often

more familiar with appropriate instructional materials for relatively well- !

defined and narrow goals, {

-y ot

'§ _During this year a substantial effort was devoted to the construction of

\ a set of guides and instructions for the encoders. They are contained in

; Appendices A, B and C. These encoder guides were then used by several top-.

i - levei and sécond-level subject matter experts to encode the first set of -
] modules to be used in debugging the EAS programs. Rather thanﬂfepeat the

substance of the Guides here in the narrative, we suggest that they be read at

this point in order to understand the encoder's job.

-

i - Several GSIA faculty and Ph.D. students worked as encoders, proéucing a :
small core of modules (250) and giving up some data for estimating the labor =
; B = m?%éggégg of module creation, as well as suggestions for revisions in the

encoding guides,

III. Programming the EAS

A: Status

As of December 1971, the general system design had been completed. As of

December 1972, the entire prototype system has been implenfed and is running

on the IBM 360/67 at CMU. The entire system, both the processes and the data
base, is written in LISP, a recursive function language, in an interpretive mode,
This has provided us with a very flexible and powerful language for the initial

implementation of our ideas. However, it has been rather inefficient in the

use of computer time and space, and like most developing systems, it has
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. . i
many "patches” throughout. Our next step is to totally redesign the "pure

progranming' aspects of the system so that we can increase the usable.data

base-and decrease the running time,

B: Examples of the EAS in Operation

- b« b ——

In the first test to be discussed, we pose the goal of asking for instruction
in the area of '"quantitative methods including linear optimization." [The special

word “including" is used in the system to mean "with particular emphasis on the

i i e e e b & A

sub-area of"]. This goal was posed at the introductory level, with a mastery desired

of the equ%&alent of making a C, with a motivation level estimated at 6-8, and time
" desired of 4 1/2 weeks, using any media. Such inf;rmation is usually abbreviated

by the system as :

" . "
quantitative methods including linear optimization/intro., C, 6-8, 4 1/2 wks,

Note that media is dropped if no preference is specified,

As part of the first use of the semantic net, which stores the combined collection

- of cognitive maps of the various experts who have coded modules for the system, the
system prompts the student for prerequisites that may be pertinent with respect
to this goal, In this test, the areas prompted for included:

linear optimization

-quantitative methods

dual solutions, dual problems, duality
linear programming

objective functions

constraints

initial solutions

change-of-basis

sensitivity

simple*—method

Given the above goal, there are no such modules described this way or which even

use some of these terms. Using syntactic expansions of the goal together with se-
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‘mantic relaxations (which will be explained below) the program considered
six possible choices of modules that might satisfy this goal. These included those
with the area parts given by:

linear programming including prime solutions

linear programming including problem formulation

linear programming including geometrical solutions

linear programning including simplex-method

linear programming dual solutions
linear programming

Side-stepping the five erroneous ones (which focused on some particular aspect
of linear programming rather than trgating it in general as was intended by
the goal), the program properly chose the module "linear programming", intro-
ductory, etc. One might note that it also was not confused with a module within .
the current universe described by "operations-research' even though this is another
virtual synonym with the term’"quantitative methods" which does occur in the

goal statement, However, the system discovers that the available module is

for a period of time much less than the desired goal's time; on this point, the
wmodule is rejected, and hence a time failure is noted. Since this is the only

related module the system finds suitable (area-wise), it later would be reported

ot
v,

as the best try though defi;ient in time. Again we note also what the system‘
did not do. Since the time was out of range, the system allowed a small varia-
tion to see if that would be sufficient to make this goal fit. After this
relaxation, and its failure, the system checked to see if the evaluation-of

the goal suggested that the original time request might have been a (suspected)
poor choice. The system finds that no flags wers set in the evaluation of the
goal vis a vis time. Hence, 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 variations are allowed if trouble occurs on ":ime".

In the next test, the same goal is inputted, but this time, the time is

altercd. As will be scen, we shift to 1 1/4 days. The goal is quantitative
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methods including linear optimization/introduction, 1, 1, 3-5, 1 1/4 days. For’
this similar goal a module is found that is satisfactory; it is given by

Linear programming/introduction, 1, 3-5, 1 day.
In turn this goal has several ‘subgoals, which expand into sub-subgoals, These
are given in Figure 3. Several points can be observed in the expansion.
First, when a module was assigned, and then later found appropriate again, the
system reassigned it'rather than assigning yet another module. When the system could
find no module that-sufficed to fr1fill subgoals, it created dummy modules, in effect
indicating to the student the necessary accomplishments he would have to achieve. 1In
this pafticular tést, one subgoal differs with respect to level from another; other-
wise it is identical. Again:we note that the system did not falsely relax the level,

thereby using one or the other module in both places. In general, subgoal modules are

treated differently than the top-level goal, relaxation being one such variation.

The next test re-enters this same goal once'again, but in this case, the student
indicates a prerequisite of
linear algebra/intro., 4, 6,6 weeks . ' ’
We note that a subgoal of "linear programming including problem-formulation" included

the subgoal:

¥

linear algebra or matrices/intro., 2-3, 4-9, 1 week.
The program determines that the prerequisite will suffice (in fact the prerequisite ,
claimed is much more than enough--- a fact that does not c;nfound the evaluation), and
so assigns the claimed prerequisite, producing the tiee that was given in Figure 3
with the exception that we have modules for linear algebra, as shown in Figure 4a aéd b
In the next tests, we have a desired goal of the form'(linear programming or
operations research) including simplex method ;! where the associated level desired is

advanced, with mastery of C algebra, a motivation level estimated to be 7, and time to be

invested of 6 wecks. This particular goal points up the capability of the system to
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rEarget goal: quantitative methods including linear optimization
- introductory,l, 3-5, 1°1/4 days

accepted goal: linear programming/intro.,1, 3-5, 1 day
module:

(#1)

target
[;ubgoalz linear optimization or primal simplex method/intro.,2,4-6, 1/4-1/4da.

accested: linear programming including simplex method/intro.,1,2-6,2-4hr._
module

(#2)

target sub-sub-goal: linear programming including problem-
formulation/intro.,1,2-6,1-2 hours

accepted module: linear programming including problem-
(#3) formulation/intro.,1,2-6,1-2 hours

ta}get sub-sub-goal: linear algebra or matrices/intro.,
2-3,4-9,1-1 1/2 weeks

no accepted module; dummy module assigned directing the
student to: linear algebra or matrices/intro.,
(i#4) 2-3,4-9,1-1 1/2 weeks

target sub-sub-goal: linear algebra or matrices/intro.,
2-3,4-9, 1-1 1/2 weeks
assigned module #4

target module: linear programming including duality/intro.,Z,S-?, 1/4 - 1/2 day

accepted: linear programming including dual solutions/intro.,
module(#5) 1,3-5,3-5 hours

[ target subgoal: L,P, including problem formulatiun/intro.,
1,2-6, 1-2 hours
| assigned module #3 to fulfill this

[ target subgoal: linear algebra or matrices,

intro,,2-3,4-9,1-1 1/2 wéeks
| assigned module #4

target subgoal: linear programming including simplex
method/intermediate,1,2-6,2-4 hours

no acceptable module found due to level;
| assigned module #6

Figure 3

An expansion of the goal
linear programming/intro.,1,3-5,1 day
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N Y
X ( modaule
3
(nodule target: Linear alegebrz cr matrices .\}
i #4 intrec.,1,3-5, 1 day
accevted nrofile entry: linear aigebra\
intro.,4,&, 4§ weeks J
\ e
{ assicned
g 'CY'OT 3 ve
i *odu;e ‘ , )
\\_____._~__,/

module

Figure 4a

- Expansion of Goal Using Accepted Profile Entry
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handle very complex area-parts to the statements as well perform quite extensive
and elaborate syntactical and semantic transformations on such gozls, Some of l
the more obvious transformations included: . E

]

(operations research including linear programming)
including simplex method

(operations research or linear programming)
including simplex method

operations research including simplex method
linear programming including simplex method
simplex method or linear programming

L]

.
A more complete example of syntactic expansion is given in Figure 5. 1In
addition to syntactic transformations, the crucial semantic alterations are formed,

some simple ones include:
linear programming including prime solutions

(quantitative analysis including linear optimization)
.including primal simplex method

In this particular test, the program cbnverged to two modules, described by the
areas ''linear programming including prime solutions' and "linear programming

including simplex method". Since these two candidates both had a level of

"introductory' versus the desired "advanced", and since there was not sufficient
reason to relax the desired goal to the above goals, the program correctly termin-
| ates with a déscription of its failure 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 system again focuses
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on these two modules, choosing the obviously best choice of the two, "linear
programming including simplex method'. It proceeds to create the rest of the
;urriculum as given in Figure 6.

In another test, the system considered the general goal :rea of '"operations
research', generating the subgoals as given in Figure 7.

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 some slight variations ,in certain parameters to cause these differeuces
to appear. For instance the system chooses those modules whose subgoals appear
satisfiable by the system over modules whose subgoals (or a smaller perc:nt of
whose subgoals) do not seem satisfiable. In addition, each parameter of mastery,
motive and media is optimized against, all other things being equal, in addition
to handling the complicated cases where some of each of the parameters are
satisfied to varying degrees. This search goes on in conjunction with relaxa-
tion of parameters if goal analysis prompted us-to anticipate trouble on some
particular parameter. Finally, the system makes discriminations along ''context',
such a context being built up from previously assigned modules as well as other
information collected during the goal=~input phase. Such information is requested
on a "nced to know" basis, where a heuristic recipe estimates the amount of in-
formation that will be requested. Such a recipe number (corresponding to levels
of inquiry) based on the inputted goal, etc., is preseptl& operational and is
calculated by the system,

Even without the complete outputs of all these tests however, the few tests
described above confirm the feasibility of the design proposed for an education

asscibly system for student-executed educational design. In addition, the feas-

ibility of encoding and collecting cognitive maps has been shown. As an example
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ton-level taryet ~o2l:(linear vrograrming or overations research)
including simplex method/introductory,2,7,.dsy
| assicred wodulie -1: linear wro<ra.minz including siwmplex method/
introductory,i,2-c, ¥ Qday

subgoal: linear vrosramming including problem-forrulation/
intro. .l.z-\-. 1-2 hours ’

acceyted module #2: linear pfogramm1nd including probdbiem
forw;lat;on/ ntro.,1,2-6,1~ 2 hours

el

:linear algebra or matrices/irtro.,
2-3,4-9, 1-1% weeks

sub=-subgozl

-

ho rodules acceriable: assisn dv-my nodu

sihroal: limear zi-ebra/intorductory.,2-3,4-9,1zveex

accenised nodule 43

Figure 6
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Ty, sevEs e/, 0,27, waelrs
\ -
! Viyeprerss el J1,0,3-5,1 day :
s\ \ o :
NN . — e vy 2 b e
liienveri, copenir IUTIUDING wrire-seluzions/1,2-5,1/3-2/3 dav )
\ »
\.‘ \ \\. \ - . ,_,';v e v cren v pen "'1 —~ [ /- V-] PP, /o~ R ’
L . linsar-rros~varsinsg IVLDINT dual-solusions/1,1,3-5,1/3-2/3 day
X\X \ tpgnsnornat on-provlen/1,1,3-5,% day %
vy + {ransrortation-vrovlen inCLUDING prime-solutions/1,1,3-5,% day
transvortation-problem I#CLUDING duzl-solutions/1,1,3-5,%- day
S S S '
X \\ eritical-vath-rethod/1,1,3-5,1 day
3 M | ?"‘\\ .
\-(critlca; path-method INCLUDING )/l,l, 3-5, 1/3-2/3 day
\ ‘provlem-formulazion
. critical-vath-method INCLUDING /1,1,3-5,1/3-2/3 day
\ solution-formulation
decisinn-theorv/1.1.3-5,1 day
' deClSlOF~uh80”V INCLUDIRG problem-formulation/l,1,3-5,1/3-2/3 da::
\ . e . . . . . .
\\\ ‘ decision-theory INCLUDING solution-interpretation/1,1,3-5,13-244,
Vo {
\x ‘forecastlnﬁ-models/l 1,3-5, 1 day i
L . t
b 1 . forecasting-models INCLUDING Droolem-formulatlon/l 1,3-5,13-24 cay
1 \ I
l\ \ . o . ~ 2 )
N \ \ forecasting~models INCLUDING solutlon-technlques/l.1,3-5.b@-qéa%=

scheduling-vrovlems/1,1,3-5, % day

AN
N

vn——y

\ .
X \:\sche uling-problems INCLUDING problem-formulation/1,1,3-5,%
i K

scheduling-problems INCLUDING solution-ideas/1,1,3-5, 3 d

E inventory-problems/l,l.3-5,1 day
AN .
i \\1nventory proolems 1KCLUDING problem-formulation/1,1,3-5,1/3-2/3G

\ Y
inventory-vrovlams INCLUDING

= —— o 0 o D

solution-interpretations/l,3-515-23 G

|
crerations-research iNCIUDING applications/1,1,3-5,2 days |
»
: VN L e e e . : i
S IMCLULSTTY (Cacnlications Al inventorv-rrodlers) | T, ‘
\ﬁ\ RS N St P
'\\ Ceadte astwbvddanag | &L Q.L CELIONS fLw GCSl3i0onN-C.00) .’)/.Lp-p
\ 3=yl se s .
| A A { Bl o s crllilalernin.enein Gl T,
\ .- q’ ‘!.q"" :
- e -~y . ., T R S
[ . . At a WD \ N Yoot e . ) Ltadire -L.‘:I.Cl !ln!r‘. 4 4
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of a more elaborate curriculum available from encoded modules (not all of which
have been entered into the system, giving consideration to space, cost, etc)

see Figures 8 and 9.
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:=2neral-programming/1,

. heuristic-programming/1

computer-science/1
2-4, 5-8, 3 months

~-sgrarmifig/1, Operations-Research/1, Logic/1,

2-3, 6-8, 4-6 weeks

2-3, 6-8, 3-4 weeks

\\\prog. INC. languages/l,
; 2-4, 5-7, 1 1/2 weeks

'prog. INC. implementation/1,
2-4, 4-7, 1 week

srogran design/1,
3-4, 5-7, 1 1/2 weeks ‘

-3, 5-8, 2-3 weeks

euristic-prog, INC.methads/1
2-4, 4-8, 1 1/2 - 2 weeks

euristic-prog., INC, heuristics/1
2-4; 4-8, 1/2 - 1 week

ol

simul, INC, discrete-
events-models/1,
2-3, 4-8, 1 day

probability AND
statistics/1,
2-4, 6-8, 1 week

prob, e, density-

prob., INC, moments/1,
3-4, 6-9, 1 1/2-2 days

}

optimization/1, 1-3, 4-9, 1/2 week

opti. AND derivatives/1,
3-4, 5-8, 1 day

opti. AND (minima AND
maxima) /1,
2-4, 5-8, 1/2-1 day

opti, AND Lagrangian/1,
2-4, 6-9, 1 day

Llincar-programming/l,2-4,6;8,1 1/2 weeks

linear-programning-problem/1
1-3, 4-7, 1/2 week

simplex-method/1,
2es, 5-8, 1,2-2/3 week

dualitv-theore/1,
2-4, 5-8, 1/3-1/2 week

Figure 8

content module/1
2, 4-8, 2/3-

-29-

2-3, 6-8, 3-4 wecks \\ 2-3, 6-8, 3-4 weeks
simulation/1, propositional-
-3, 5-8, 1/2 week calculus/1,

3-4, 6-9, 1 week

. . 1 1/2 weeks
simulation-
languages/1, .
3-4, 5-8,.1 1/2 days mathematies/1,

1, 1/3, 1 week

lpredicate-calculus/1,

9, 2-3 weeks

2-4, 6-
\\\\bontent module/1,

functions/1, 2-,5-7,2-3 weeks
3-4, 6-9, 1 1/2-2 days
prob, INC, distribuation propositional
. calculus/1,
functions/] 1,1-4, 2/3
} ] 9
3-4, 6-9, 1 1/2-2 days 2/3 wezk

2
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couputer-science/2,

2-4, 6-8, 6 montha
\\\\\J

\l‘\l -
rogramming/2, 3-4, 6-8, 7-9 woeeks

4-5 wecks
encral- progra-ming’l,
/ 3-4, 5-7, 2 1/2-) veeks

2-4, 5-7, 1 1/2-2 wecks

3-3 1/2 weeks

heuristic-programning LiC.
methods/2,

euristic-programming INC,
heuristicss/2,
2-4, 5-7, 1/2-1 veek

curistic-programning INC.
applications/1,
1-4, 3-8, 1/2 week

1-3, 3-7, 3/6 - 1 week

prograraiing-theory INC,
abstract-prograns/1,
1-3, 3-7, 3/4 - 1 vweek

progranming-theory INC,
abstract-cxecution/1,
1-3, 3-7, 1/2-3/4 wceks

cneral-prograrning/2, 3-4, 6-8

‘prograrring- enviromacnt /1,

heuristic-programning/2, 2-%, 5-8,

3/4, 6-8, 2:2 1/2 wecks

programming-theory/t, 2-3, 5-9,

sperat fong-rescemeh/2, 2-9%,

/.A—:E_nn?:\n. 2-4, 6-8, 1 week

3
”,

-—nanie

.

n-8, -7 weecks

prupositional-calculus/l

\

. N\ 2-3, 6-8, 1 weck

» ~,

i\ .
AN Vstrul, TMC, discretevent- /.co:m.,.:n-aon_:_n:
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i
1
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3-4, 6-9, 1 week .

prohability INC, markov-processes/l

24, 4B
3-4, 7-9, 1/2 week
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optimization AND derivat tves/1
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/ lincar-programming-probhiem/2
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\
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(
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3

3,5-9, 1 week

rchrs INC. group-theory/l
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»5-9,1 veek
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EVALUATION PROJECTS

The ultimate goal of all of ERDU's projects is to increase educational
efficiency. 1In the case of the work on the EAS, we have taken the route of
actual constructioy of a system that might contribute to such a goal in
appropriate educational environments, Other ERDU projects have been directed
toward the efficiency goal through different paths,

Our explorations of the use of television technology have resulted in a
preliminary survey in the Pittsburgh region of the demand for a "televised
masters degree" jointly offered by GSIA and Carnegie Imstitute of Technology.
Preliminary results seem to indicate that there is not enough local demand
to warrant our pursuing this any further. Our in-house use of videotape

- ; .
equipment has increased to the point where almost all of our students have been
involved in using the medium in some way for educational purposes, However, we
now believe that no major break-throughs will result from this sort of
technology within the conventional academic structure,

The study of departmental productivity has lead té some preliminary
results and has suggested some system changes. The investigation of the
sensitivity of research productivity indices to various assumptions-about
aggregation procedures has demonstrated that any index that is bésed upon ‘a
reasonable set of assumptions will correlate highly with most others. 1In
particular, an index that simply counts total number of papers published ranks
faculty in almost the same order as one that corrects for rate, quality of

journal and pages,

The general study, of which research productivity was only one component,

also required measures of teaching quality, entering student quality and

final student quality. During the course of the study it became evident that
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CMU did not maintain the records (at least in any accessible form) that would
facilitate the investigation of questions of this sort. The University
Administration is now designing a new management information system that will

keep track of not only the costs of running the university but also the

quality of its products: research and education.
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PARTICIPANTS

The principal participants in ERDU this year were Professor D. Klahr,
Director, S. Evans, Research Associate, and C. Dermody, Senior Systems
Programmer, Professors C. Kriebel, G. Thompson and R. Weil assisted in module

encoding as did several of our Ph.D. students, J. Bloom supervised a small

staff of Masters students in the use of our video tape facility,

——
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Apgendix A -~
MODULE ENCODER'S GUIDE: DISCRIPTION OF YOUR TASK

We wish to enlist vour cupertise in the creation of a data base for
*an Educationql Assembly Swstem (FAS). In this Encoder's Guide we will first
describe a few feaéures of the design and operation of the EAS. Then we will
describe in detail the task we have set for you and the procedures we would
like you to follow,

1

System Design and Operation

The purpose of the EAS is to generate, upon demand, highly individualized
curricula for a wide range of students with diverse backgrounds, characteristics
and educational objectives. The ultimate design goal is to simulate an omniscient,
perceptive and indefatigable human educational consultant and curriculum designer.
The intended user of the system, a student, describes his objectives in terms of

a goal statement. Then the system selects - from a large collection of

previously encoded educational resources - a sequence of educational modules.

These modules are descriptions of educational subgoals whose achievement will
satisfy the student's goal., 1In most cases, the subgoals have their own sub-

subgoals, etc. The higher level subgoals are often deséribed using structure
modules, which lay out the relationships between the broad areas of knowledge
that are related to the student's stated goa’. The "low level" goals are more

often achieved through content modules: they correspond to specific educational

activities (reading parts of books, solving problem sets, taking courses, etc).
We shall rorurn to a fuller description of both structure and content models in
a later scction.

Srwoosyaro re iy s oseveral Rionds of infcriiation., Tirst it needs to

know abest tne studest:  his goals, his backyround, his preferences, otc., Such

Inforsei v s supnbicd direcely by the individual user during his initial inter-
avtfon L i0 T oavebo Ly and PC Wil non covcorn v Turthier here,  fecond, it nesds

to tunew L ont the srracnnee of tpovtod re in the arcas for which it is creating a

curriculu~, Por example, it needs to knawy that che arca of lincar programming has,




as subareas, material on objective functions, on the simplex method, etc.,
Part of your task as amn encodvr is to pracisely specify your view of these
relationghips or subgoals in your arca of expertise. This Guide will indicate
how you can do this in a manner that is intelligible to the EAS through the encoding
of modules,

Another kind of information needed by the system pertains to the '"meaning'
of the terms used by you, by other expert eﬁcoders, and by the (typically naive)
student, For example, it needs to know that (for some experts) "operations
research" is roughly synonomous with "quantitative methods", that it is a subset
of "applied math" and '"management s;ience", and that "dynamic programming',
"linear programming', ''statistics', and '"queuing theory" are all subsets of it,
You will be asked to supply this information for each'of the descriptive terms you
use, The system will then construct a semantic 1et by building a file of all such
relationships provided by you and the 6ther encoders., The distinction between sub-

goals and the semantic net will become evident as you begin to actually encode modules.

Your task: overview

i

As indicated abo§e, the student communicates with the system by specifying,
among other things, his educational goal, The‘system is designed to use goal speci-
fications in another way: in the description of modules. ﬁoth content modules and
structure modules are encoded in terms of the goals that they satisfy, Your task.
is to (1) crcate and encode a module that will satisfy a high-level goal [spe;ified
by the systum designers] and (2) to encode the subgoals generated [by vou] in doing
(1., This process may continue for saveral levels. 1In order to do (1Y and (2Y,
you need to know more about the language in which goals are to be written and about

the other infunmation recuired to encode a module,

AN e e .
CioVL sbule - s

To vile toe task cloar, we shatl briclly duscvibe a goal statement,  (More

detail avout poals will e provided lacer). A& goal has Live pares:

(1) The ared gives the subject or knowledge domain that the module considers

(‘-‘-""o * "\"\'-‘-, uter S\‘{\"‘L’\‘" or "L‘\.\“\\‘:"{Ci;“‘ .




Terms may be combined with the operators AND, OR, EXCLUDING, and INCLUDING (to be A-3
explained shortly). parentheses should be used to avoid ambiguity.Some cxamples

of area e¢xpressions are "(computer-scionce IHCLUDING programming) AxD (mathematical-
logic)" , "microccononics OR (macroeconomics IWCLUDING public-policy-ccononic)!,
"p;§chology CXCIUDING (math AND statistics)", etc.

The last two goals use the terms INCLUDTNG and EXCLUDING. The system differentiates
these two terms from AND and NOT by its actions in the search for suitable modules.The goal
of "psychology ENCLUDING (math AND statistics)'' requests or strongly prefers psychology
with no math or statistics., If there were only one possible module to choose, and it
included some "math AND statistics", then the search algorithm would "relax" the
constraints sufficiently to allow this module to suffice, for this case. Thus,
EXCLUDING is a weak form of NOT. Similarly, INCLUDING is a weak form
of AND. "Psychology INCLUDING math" similarly requests the two, but the system may
relax its searcﬁ, if it is unable to meet the added demand of math, Observe that
npsychology AND math" re pests both areas in a module. This is nat their senarate
union but rather an intersection or integration ~f the two.

Note the lack of verbs, prepositions, and mndi€iers. The area part of the

~ goal is not a description. Rather it is an indicator of the subject material's name,
Hence, one rust convert such phrases as "wiring of the machine" to "machine-wiring".
uSetting up L. P. programs" is converted to JL,-p, INCLUDING formulation". (If
necessary,phrases are to be converted ta new hyphenated forms as '"making of transistors"
becomes "transistor-making"). In Figure 1, we have listed appropriate area emcodings
for several topics.

* (2) lie level specifics one of three levels of treatment: introductory,
intermediate, or advanced.

AND Corpute T osolenioe adeana d,

e boevel, siven oftor Chl T, medifics vvers titin
to the Loz a7 ',
. :-" - Lo e LEELEIRS B I Ty 1 Y R CREIE R el 1awep - . T .
O oo Lol sves an esticare of the level of accemplisient oxnested
-1 i . '
by the ¢ ‘ Dol U Yoo Lowsbn, b Yewess rmscery level Do
oy o 4 3 et H H T PP
Asapcioteod wish the desive to oivoly advance one's voaeral knedledse in the arcal
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Sotne Examples of Encoding
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"the art of prograntaing'

"learnirg to program'

"how to evaluzte a canned program
with respect to suitability of neceds’

"functions of scveral variables”

"management scicnce applications

of linear programming"

"mathematical approaches to
decision-making in management

"use of Lagrangian multipliers”

-

"programming robots"

s s

"describirg decision making”

"o v Sesd -
el fed e e

anale-

. ,‘ K
. A
eliiciont Livenlory centvol straz.q

Ve,

— e = e

Arca-part of COAL

prograrning
programming

canned-routines INCLUDING evaluation

complex - variables

linear-programming INCLUDING
management-science-applications

or

management-science-applications
INCLUDING linear-programming

(depending on intendei' emphasis)

management-science INCLUDING
(mathematics AND decision-making)

(optimization-techniques INCLUDING
Lagrangian-multipliers) INCLUDING
examples . -

complex-information-processing
INCLUDING robots

or

artificial-intelligence INCLUDING
robots

(depending on intent of encoder)

probability - theory INCLUDING decision-
trees

or

devisnion-gualvsis INCLUDING
decision=-{low-diagren
(depordin: on ngent)
inveniery-concrol

or

iovintoarvecontrol-technicues
(doepaasing o intent
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A=5
This is roughly cquivalent to a pass in a pass/fail course, Level C is one of

vy

miniral satisfactory proficicncy, It assuwes the student can work with or manipulate
the material, ideas, etc., or in our analogy, made a C in the course or module.

Level B suggests that thc.student is under full control of the area when done with

the module. He can fully manipulate and handle the ﬁaterial, doing the bulk of all
typical excrcises, amswering or responding correctly to most of the issues, etc,
This corresponds to a B in a course. Level A, the highest level, suggests the student

is "master" of the material. This includes the ability to study or advance by himself

or to handle now material in the arca, This is analogous to making an A in a course.

(4 The gggixg‘represcnts & estimate of the appropriate degree of seriousness
of a student vho might use this module. This is given as a range (between 1 and 9 with
1 the lowest, 9 the highest). An example might be "1-3" which suggests a somewhat low

aotivation in pursuing this area, The rangze 8-9 suggests a vary high degree of

seriousness in pursuit of this module. A module with 1-9 indicates that the module

is appropriate for any student, regardless of his motivation in pursuing that subject

matter.
(5) Finally, the last part of the goal is an estimate of the amount of time

allosed for completion of the module. This estimate may be given as a range, in

any units appropriate, assuming the student will spend full-time pursuing the goal,
exclusively. As an example, conﬁider the full goal: progiamhing/introductory, Cc-B
7-9, 2 months.. This indicates that the student wishes to learn programming at an in-
troductory level, requires that such material impart' a mastery level between C and B,
and allovs a total time of two moaths for completion. As anm encoder, if Yyou were given

1

such a goal, _our jod would be t9 spocify edacatioanal ectivities sov tie student that

(8]

would satis?y this goal.

T e ST N N
. o M T Cuedliee 8

Civen a student's sool, the madule's purpose is to cnable the student to fulfill
his roal. ihis. cach fowule featesonts 3 possivle geal thot a student ray have,
and to encede o rocule is Lo encode a (poasibley goal,
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resources are retrieved to satisty the soal,  ibus the "prorequisites” scection of ti
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Structure nodules are often associated with more general goals that are in turn depen-

dent upon general subdomains., In this case, goal satisfaction does not require that

resources be retrieved directly; instead there is the nced to specify subgoals, whose

-l -

satisfaction will pernit the accomplishment of the original goal.

To exemplify these two types of modules, consider two goals: (1) "I want to learn !
about 'theory of the firm' at an introductory level'" and (2) "I want to learn about
'managerient scicnce' 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 of the book wiil be the suitahle action to fulfill the goal, Prerequisites

-

to reading the book might be an awareness of basic economic issues plus some mathematical

aptitude. This is a content module, .In the second case, we might structure the i
field of managcment science as consisting of'ﬁhe subdomains of operations research, ;
economics, and industrial administration. Having done this, we note that the mastery ?

of these subareas at an introductory level is a suitable action whole accomplishment

o a—————

will result in the original goal being fulfilled. Hence, the goal of understanding
the material in this module impliesfulfilling the subgoals of "learning introductory
operations research, economics, and industrial aiministration'. There is no material,

per se, that is to be retrieved. This is a structure module,

One might hypothesize that any particular module may be in fact a "mixed case",

part content and part structure., This is not the case, however; the mixed case can

be decomposed as follows. Assume that an expert wishes to encode the goal "introduction

to operations rcsearch', He may feel that the student should read the fixst two chapters

olier's Mock on orotebility and gerc an introductery

v-s

ey
13

of Arcncisky's beo%, the firsc half of

L

understonding of simuiation, linear progranning, and statistics, This sequence of actions,

. . . .- ey : . e
which would Sulfitl the sriin:t -aal, sheuid Fo cnnresaed only as a seg of sihio-le oo

be fulfillid, thus fov the 2ol concorndd vith eerations research/introductory, tie

enceder oottt reonive the s we o atndy problpedevealarion In the O, R, oarea, ot

an introductomy wndorns nlin, of crobhahilize, Lot aa intvedaction to sl lotlen,

get on introduction to Tioc e sesovecing, wd cer oan inrecluction to
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statistics, These {ive subgoals are the basis for mastering the goal. In turn, the subgoals
above are then treated separately, each as a subgoal to be encoded by itseclf, To satisfy the
firse subgoal dbove, the expert may cnccde the subgoal by giving the retrieval of Aronoisky's
book as one possible satisfaction to this subgoal. Similarly, for the other subgoals. For
example, satisfring simulation (subgoal3 ) may require knowledge about SIMULA, as well as
reading Balintfy's book. Hence, this subgoal is encoded again as a structure module,
requiring (1) introductory knowledge about simulation languages and (2') simulation
applications. Then (1') is encoded with one particular solution, pamely SIMULA,
;hile (2') is also encoded with one pessible solution.

The distinction between structu;e and content modules is somewhat arbitrary, but

convenient. Structure modules keep decomposing goals into subgoals until a level of

subgoals is reached whereby there is some suitable material or physical resource tﬁat

will satisfy each subgoal. Maintenance of this dichotomy between content and structure
preserves the mcdularity of the system...We particularly do not want SIMILA tied to {
simulation. Rather we want it tied to simulation languages, We do not waﬁt to go into
the structure of the Variéd nodules that use SIM'LA to update them.

Prerequisite Soecification

As explained above for a structure module, the encoder must specify a set of subgoals,
the completion of which will satisfy the original goal, More'precisely, this is a
spetification of the sub-domains that comprise tﬁe subject matter in the area-part of
the goal. It is analogous to a book's section headings, under a chapter that dealt

with the aréa-part of the

2]

oal, .
It is oaly a disoction of the material itself; if is not a comslete elahoration of overy
picce of material that would have to be specificd such that the goal would be comnleted,
In this scuse, subgoals are not the same as srovecuisites, Tndeed, to cive all pro-

-~ Gume i 1 ’ H

requisites, one would Have to spocifs g reading capability, versatility in Lnglish, ctel)

Tnat is, aii concedva' Lo mirognisites nood a2 b2 ssositied as suhdomains ol the arca-pare

Tear diceccly oun the

givea of tho [osl, Oaly e proper seblivisions ohat
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area are given; it is up to the expert to evaluate and properly pick such a decomposition.
Naturally there will be some variance among experts, This is onc reason why more than
one expert will encode the same areas.
The place where preliminary prerequisites do get included is in the content'modulcs.
When materials arc-actually retrieved in order to satisfy the subgoals, the need arises
for the preliminary prerequisites that will enable the student to handle these
materials. 1In the portioa of the content module form entitled 'prerequisites', such
'tequirem-..znts are given, For example, assume that the student's goal is linear-
_programming/introductory, c, 6-7, 3 weeks,
Then the encoder must decide on the basic areas of an introduction to linear programming,
givén the other constraints in the goal, Let us assume he specifies the following subgoals:
(1) objective-functions/introductory, C-B, 6-7, 1 week,
(2) sim;lcx-mcthod/introductory,_c-B, 6-7, 1 week
(3) the-dual/introductory C-B, 6-7, 1 week
The three subgoals above would be his choice for the decomposition of the goal.
Hovever, left unspecified are the prerequisites of sufficient calculus to Qnderstand
(1) and enough linear algebra to comprehend (2 and (3).
These prerequisites however are not really an integral
part of linear programming pcr se., Thus they do not appear in (1) - (3). [Perhaps some
would say that some parts of calculus are to be inéluded in the area of linear programming.
fhen they may have added a fourth subgoal of calculus with a time of four month;. This
is pernissible, if the enceder decides so., Needless to say that he will have not encoded
a structere module that would fellull the eviginzl goal given because of tire. Nonctheless
it is a valid melule.  In such a case it simply would resresent the best the encoder was
able to Jdo with a ti?o overslee in this case of knur manths, ] So let us assure that the
three subgoails given are felt to be a proper scet, Waen the subgoal (1Y objective functions/
fatroductory iy boing encocdd, the encedor =ay either choose to decomnese that furticr
Or ¢livunt LU upvdLly 4 cunlenl owules  Adsude thal he chiouses o content wodules  Then

he indicates some educational resource that adequately comsmnicates the concept.
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.

Perhaps it is the first section of the sccond chapter of the book Lind'r “reeramein.:,

The question poscd in the cncoder's form is what prerequisites are necded to handle tiis
topic, It is Pvre that the oncoder specifies the need for basic calculus, It is at
this stage that he knows precisely what is needed, for he knows precisely what kinds of

material the sterlient will be studying., Actually one may notice at this stage that it is

not calculus at all that is needed. Rather it is an introduction to the simplier concept

of "functions", iience the encoder would be expected to specify this.

Then again , perhaps the encoder nas picked a different book written especially

for laymen, And this concept is excellently explicated without the notion of any

higher mathematics; only high school algebra is necded. Then the prerequisites are so
posed. Indeed the actual preliminary'prerequisites can not be totally clear unless the
actual material to Qe used is specified.

As another example, imagine the goal of a two week introduction to relativity, The en-
coder who puts tensor calculus as a prerequisite automatically, is quite mistaken; the ex-
pert who chooses the content module may well pick a reformulation that requires mothing wmore
than high school algebra (thouzh an amalytical mi.?,n additon). Hence such preliminary pre-
requisites come into play when the actual materials are specified., Note that the pre-
liminary prerequisites specified at such time may well be other goals, for example:

calculus/introductory, C, 6-8, 2 months
These goals in turn are re-entered into the syséem and are handled like anv other goal.
' N;ée that the encoder may ( and frequently will)
alternate between structure and content modules. The original goal may be completely
handled hy sor-2 bool: he kivv's of,  Thus the initial cvecoding is one of content, not stvuc-

ture. liovever, after specirving such a2 beok, he may wish to specify scveral subgoals

that are necessary in order that that book can be handled, These mav include several

general coals doscribed in gaat, Joese in tern ave entered Into the svsgan
Aoy d 1o see Tr e Caceep oy, v b vy’ gty Loyt I RYVCICTLIETE ] St ateq s e vy gme y s o) . Y R PRI \!‘,1 I e, * 1,1\
Fria IR RS S AT O (I THR | Voo G by endeand straefull b S (O contle T taattley, Vel o sy,

Teafeally ar obs broclor (or "hiher Lowe Y Ipaete sy dosaing, the eodeles vill all e
FLULOLLLG wves AL Lie wcheet Lo ls cestrenc Iy spocinde opies it Ll tend o g

privarily coatent modules. ftiowever, this {s not a requircsent,
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In general, the encoder must decide
whether the arca-part of the goal, in context of the total goal, is best encoded by a
structure or content module, (At the highest levels, he may be requested to employ only
structure modulcs). In the case of such structure modules, he will be asked to define
the primary subarcas that comprise the domain of interest, given the time limitations, etc.
These subtopics that define the curriculum for the student are expressed as subgoals to
be accomplished., If the encoder then handles each subgoal in turn, which he may be called
upon to do, he cycles again through this process. At such time as he feels that a
. particular educational resource precisely fits the needs of a sub -...-sub-goal under
consideration, a content module is encoded. In encoding such a content module, he must
specify the preliminary prerequisites so that the student can handle this material. This
. 1s given as subgoals that must be fulfilled or met before there is a reasonable expectation
that the material can be effectively studied and mastered. In general the encoder should
strive to choose structure modules over content modules since this makes the area being
developed less dependent upon specific educational resources. This point
ca; be further appreciated by contrasting the enéoding of the area '"management science' by
. listing 20 courses that must be taken, versus iisting 20 subgoals that must be fulfilled,
each in turn requiring, say, 5 .sub-sub-goals, each one of which is fulfillable by either
some chapter, some short series of lectures (perha?s on video tape), journal articles,
or other educational media., Of course since content modules can have prerequisites that
lead to other structure or coutent modules, the currieulun will vary with both components.
A hypotheticot curriculun is siven in ficure 2, as it evoived for the narticulor
student's goal as shoon,  In cie curriculus, che various hinds of modules are outlindd,

The torminal nodes in e 8 oo roosresont e poadnt ot which the curriveler satehes

the cuoionl slatis or ool o0 the wledlat, Thus those sre all the ooinos o il
he mar begin his study. Because of space limitations, associated mastery nacerial is ealy

shosn Jor 1 counte of aolul. o, dewever, ot foodtie wonrld have siell g et v s seetion,

| ERv
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Further Specifications in Lncod.ng:  Mastery and Tinme

Mastery. When encoding a module, the expert is asked to specify some evaluation

or verification procedure that will enable the student to confirm his mastery at

the specified level in the goal. Such a determination of educational resources or acti-

vities that adequately reflect the accomplishment of the appropriate mastery level
involves a double consideration. The first and obvious one is what materials or tasks
constitute a "test" or evaluation. The second and implicit consideration concerns what

is to be tested. In the case of content modules, this second consideration is clear.

The test is to coacern the.na:erial referenced in the module itself. Left to be specified
is the activity that constitutes a test or evaluation of the required mastery level for
that module. 1In the case of structure modules, the material to be tested is partially

’

obscured by the fact that the module is composed of sub-goals. However the mastery of

S — s v ———— b von 4 e n
¥

the module is not of the subgoals; whan they are encoded, the mastery of each one is .left
to the encoder of each subéoal. Rather the mastery involves mastery of the 'node" at i
which the encoder is working., Thus the evaluation of mastery (at the specified level)
requires evaluation of accomplishment at the main node itself,
For structure modules, it is sometimes the case that what the student is to get out
or derive from the material contained in the subgoals is strictly greater than the sum
| of the parts, Thét is, there may be an integrating activity that unifies the separate
subgoals which is an understanding over and bevond the cOntent‘Bf’anh of the éubgoals.
It is often such an integration that constitutes the goal of the module itself. Hence :
in thosc cases where the integration of the subgoals does not occur duriny the pursuit
of the subgonls, such integrating activity will occur as che s:'d;nt atcempts to denon-
strate and evaluate his mastery of the node itself., Sueh integrating acciviey or material
OF ressadees ave scceifivd fn 00 castory ceocion of sho vrsading fore, .
The fivac portion of the speciiication o the mantory seetion nayr include
refercace  to soue cducarion rosenrce that attessts to tqr. srote and coordinate the
dispar:ee seb 0t shar th ool sder spoc Tty Theay oalt s sl esterial s rece o 0 0
the ercader saccifies soie tush or test or nrocedure whyorelae tha cepdo at o oo iuate

his pastory of ¢y node vith <hich he {5 currentlv fnvelved, o the other hand, {f in

doing the subsoals, the stadont will achiove tie overvied or undfication as he propresnc-
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-

through the subgoal list, such additional materials need not be assigned in the first part

-

of the master psortion for the ncdule. The choice and decision is up to the encoder,

Thus the rastery portion’is the section of the encoding format that contains not only

P

descriptions of evaluative procedures, but also provides the opportunity (and in some cases

i

the necessity) to assign explicit educational resources or activities that operate at the

level of the goal itself (rather than any subgoal level), By way of analogy, recall that on
fiﬁal exams, professors will sometimes describe some short, comprehensive situation, involving
an- integrative component among the sub-issues the student has studied. Then questions are !
asked about it. This is only partially analogous to the mastery section,

of structure module;. Since we do not have the same time ;;d space limitation, (nor, often
the same motivation), we thall replace the final exam's briefly described situation of inte-
gration. In its place are references to something more akig to the last ;ection of a book's
chapter that attempts to pull all the sections of the chapter together.

Associated with this assigned integrating activity are the evaluation
procedures (or intogrative final exam questions in our analogy). In this respect, of
course, both content and structure modules are alike. As an example, we take the .

(partial) goal "programning AND statistics/intro".

Our structuring could take the forms as given in Figure 3(a). Here the intersection of
these two areas is achieved in each of the subgoals. Mastery of the top goal requires

only the union of the mastery of the subgoals. However, we might have taken the

approach found in Figure 3(b). The student would have the building blocks from each of the two

sub-donaing; ovever no activity vet would {ntograte the two separace domains. Thus, in
‘ N i,

’ o ’

the rastery nortion of the tos node (orininal structure moduleY, we would have to specify the

educat lonal voscarces that incladed seelng how prigranming is applicd to statistics,

cmrom M s

» LN L T I o g . .. . . @ e . . e b qee
vhen decandn vt bo nodo o 0 stahong to shaew his cairectonce oat o soro s tery Lovel,,
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progrzmming and statistic '
introductory
3 (a) ' T~
/ ‘ \ 1
27 prograiming AnD ::
: signifxcance-tcsts programming AND anova~::) programmxng AND factor-analysis
AN introductory ) introductory introductorv

[ro—

A
Computer Prozramming Computer Programming Computer Programming
in Statistics in Statistics in Statistics f
(chapter 1: (chapter 2: ANOVA) (chapter 3: $
significance tests) factor analysis) I

LT T

Sée last section of each
programmxng and statistic of chapters 1,2 and 3

introductory of Computer Programming

3 (b) ‘—’—'—",,——'—.—————————"/ \\\\\ 7 ‘in Statistics ;

programming atist ics
introductor int:roduc tor )

LES

‘ Programming Statistics g
Made Made - 1
p Simple Simple .

Chapters 1,2,3 _ Chapters 1-4 '

Symbols

C ) - structure modules

- content modules

- agssigned integration
(mastery)material

Figure 3

..
- a—

Similar curricula with and without integrative material
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Time Recall that the student is assumed to be working full time exclusively on

the particular goal being encoded (or cach subgoal in turn). The estimate of time needed
to complete a module includes the time needed to coyplete any .ntegrative assignments
given in the mastery scction. Below are some apérogimations that relate university
courses and terass to such full tiue effort.‘
a) A 3 crodit conrse per scmester is approximately ecuivalent to 4 weeks at full-

time (or onc month)
b) A Z.Qeméstcr course équals 2 months,
¢) A4 credit course equalsfS 1/2 weeks or 1 1/3 months,
d) A mini course at G.SJ}l.A. is equivalent to 2 1/2 weeks,

3)' Six weeks of a normal term in a 3 credit course is equivalent to 1 1/2 weeks,

Some Other Sumnaries

i

Level: introductory - 1

intermediate ~ 2

advanced - 3

Mastery: Level 1 (Pass)

Level 2 (C) . ) .
Level 3 (B) )
Level 4 (A)
) ]
Motive: 1 - lowvest

9 « hishest

Y

GOAL: Arca-parts/Loevel, Masterv-Range, Motive-range, Time-Range,

Exanple: Cueoeutoredcioneg dvtraductory, C=0, 07, 1-2 wools,

- QO = ) .
.
. . ./
“ideatically": - // . 7
v - .’ 7 Ve
o 2 ¢ - I 10
Cor rulet =t taiee ' .‘.",", ey o= Ve,

(You tay wirh to toar thin pae o to keep e redoerencsd
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Appendix B

CONTIVT MOLULL LUCODTUG INSTRUCTIONS

0. Introduction
The purpose of these instructions is to aid you in filling out the encoding

form. You will find both new information as well as surmaries of some information

that was in the Encoding Guide, which we assume that you have already read. 1In

.particular, we assume that you are familiar with a GOAL statement and understand the

purpose of the prerequisite lists in content modules as well as the distinction between
c;ntent structure modules, Checkingbeach number and subsection of the encoding form
with these instructions should facilitate your encoding task. In the upper leét

hand yértion of each form, vou will find a place to number (in any -fashion) each

module as well as give your name; in the right hand corner, you may refer to an
earlier module, which will imply that th;s module is identical to the one so referenced,
except for those sections that you fill in (which will override the sections in the

referenced module), This is a "ditto" box, for your convenience, when you find you

are encoding the same thing, or same section, over and over. The rest of the guidé is

self-explanatory,




]
|
! I
ll Molule NAME: " SE
5 a. An identifying name
; . Choose a very simple name in natural language format to deseribe ;;
? . this module. ( .g., Wilde's introductory OR book, 'The Brain" -
: film, Samuelson's economics book.) 'i
1 | b. Abstract 22
§ In a few sentences, give a brief description of the module. ’E
-~ . ¢ ¢. Condense the abstract aéove ir+~ one singlé, terse sentence. ‘é
‘. -d. Area-part of GOAL ?
g é‘ ‘ Translate, the above sentence into an area-part of a goal (in ;?
: . GOAL language). éeview GOAL in the "Description of Your Task" z_
: ' . ) dScument if necessary. Do not include a specification on %
: . Level; that will be treated separately. . b .
2 ‘ e. Semantics X 5
; N , For each word (w) used in (d) abov;, give three lists. The- :
éd first list (AI) contains all words which imply w, or from which :
% w is an immediate subpart or subset. In a knowledge domain,
| it is the category just abé;e the category that contains w.
% ' 5 The decision of Al is based on the use of w in (¢), and hence,
% in turn on the concent and context of the module being encaded.
; .
‘ Tnen give list A . This contains all words equivalent to or
. semore e citor Too b fTss wards an g ecral feoazis with
W, the sdue cdle 0rY a8 WL
Finally cac de 53 LAk I Laoae weTas Hhao., cuate aries)
that are sebears of or follow fese ae gea Dorivghls S oy,
FE L Loe Caterann ) Sl Doton Dae o Seprenciilon oy W,
| Q
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B-3
Tend to limit the number of entries of cach 91 to aporouimately three or the

total (of all members of all the Ai'h\ to nine, This rule is not fixed.

If necessary, re-arrange space (s) to fit large lists, by boxing in more lines
where necded,  If more space is meeded for other words, use the back of the first
page., There is a box to check on the first page if you do this. The same 1is true
for the subgoal list on the second page.

For example, if 0pcrations—researcﬁ had appeared in section (3), then section (e)
might have:

idpplied-math
A, =

[3

4
( Managzement-science

W = Operations-Research e Az = Quantitative-methods

Dvnamic-programmigg

Linear-nrogramning . .

Nonlinear-nrograrming

Sinmula- .on

Prchability

P

Statvistics

Queuing-theorv

Control-theorv

Note the usce of the hyphian, This is to emnhasize that such‘word pairs as
“operuticry rescarch® snd Ceorplon warisbios" sre veally co b; considured single
terns, The composite word (e.q., corplesevarindles) constitutes a single torm W,
For very rencral words oo, 1., wsna:u;an:-scioncc. ohilosophnyy, thurc.nay be no
logical upor neighboersccd,  In sueh cases, the word itselt is the oniy menber

of the Al Sut, o For enaealeg taw Al sed ror Yrumatementesceience” contains only the

ters "ahGge et seloned T the AI set for  cailosophy * contains only the word

Ypuilusophy',

4




2.

o

B4

Level

Time "’

Choose whether this module is to be considered an introductory, inter-
mediate, cr advanced one. Your choice will depend on your purpbse in
encoding it. Other criteria can affect your choice. For example, the
same module may be encoded introducto?y or intermediate depending

on the length of time spent on the module, Abbreviations for levels

are: 1introductory = 1, intermediate = 2, advanced = 3, If you wish,

you may specify a range.

The remarks in "level" above hold here too analogously. In giving the

time, specify the range. The first box allows for a number and a measure-

ment (i.e., hours, days, etc.) as does the second box which gives the

upper rangé. Try to use the same measurements in giving the lower and
upper ranges (e.g., "1 day - 3 days" rather than '8 hours - 3 days").

This is not a fixed rule.

Media

Check off the media in which this module is encoded. If "other" applies,

place a message in quotes that tells how the material {is encoded.

Motive

Give two numbers which describes the range of motivation, ranked from
one to nine, within which this material is suitable for use. One is
lowest and nine is highest., Thus, if the material is suited for only

the most seriovs student) one might choose the range 8-9. A very simple

"popularization” may be more suized to studenss with little sceriousness
of purpose (i.o., 1-3). Material may be appropriate for oxtremoly brood
(@o5e, "lat Or nLere rang o €.z, U= rlelrr) 35N

o e .

€

a e S+ o ———————




6. Access
Check the box that indicates how one may get the module for use. If the
, . box "other" is checked, give a mossaze in quotes that explains how one

can access the material.

7. Citation
a. Formal description
A fprwalx(bib}iogréphic-like) citation of the module is required,
b. Ev;lu;tioﬁ
A number reflecting a measure of the quality of this module (from
one as the lowest, rated "quite poor" to ten the highest, rated

“excellent'"). Naturally, the goal that this module is to serve
z

will directly affect the choice here.

8. Prerequisites

.

a. YEducation lovel neoded

..\
Choose the nusier corrusponding to the highest level necded
before one can "handle" tiis module. This is oftea en estimate
M " - , . .
: of "sophristication" necded.
. - a

b. Prerequisites nceded

Give a complete GOAL statement that describes the prerequisites,
This goal desceribed is the one that the student necds to fulfill
to be aila to accept Jiis wodule. “here My bo sevoral coals
nacass vy Tist each seraractele. I one coal ohvi;us!v and
nocessard e avee s lig aeezhop, mate gt st s oes Viee i Sipar,

This is not a4 requirement,

ERIC g
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Note that you at2 to estimate the suggested time,
motive, and mastery ranges that suitably describe the subgoals
as vou intend them. The total time of all the subgoals should
not excecd the tot.l time alloted for this mod&le in part 3
above, By specifying ranges rather than exact times, you will
.eliminate the need for constant checking of the total time or
petty number-juggling. Also there may be some correlation between
the motive of the module itself and the kinds of motives to be
expeited in the pursuit of the subgoals. Of course, there may be
no relations, exceptions, etc. There is no fixed rule involved.
Yor may use a range for each parameter, and hence, can include and

exclude whatever you wish,

c. Aptitudeg

If any of the standard tests listed are pertinent, give the
minimum scores needed or expected in the respective boxes. If

Y another test is required, give its name and minimum score in
the extra space, as provided (in quotes).

d. Attitudes

If any parcticular attitudes are required® for the module, either

. tests and minimum scores may be listed or quoted material entered.

e. Other
v

Give in quotes any prerequisite that must be mat that coula not

be encaded abhove.  This mess=aze will b2 rocurned £o tao user as
an inguiv:i 2 vos'no resconse froee Limowill detorming whether
he meots the condition. A "m0 will cause the rodule to be

ra ovted as unsuttaile.
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| ' ’ 9, Mastery

| a. There are four mastery levels, analgous to a student demone

| strating copetence in somwe course with either a grade of "pass”

[ —

(level 1), a grade of "C" (level 2), a grade of "B" (level 3,

[pep——

or a grade of "A" (levél.Q). Specify the level (or range of

levels if this applies), for which this module is suited., Make

an effort to achieve agreement between the goal of this module
S - and this level iﬁdicated (or range specified). .

b, Specify evaluation or testing procedures that would

adequately reflect a competence at the mastery level (s) specified,

This portion too will be quoted, Be clear and complete.

o e,
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e : ‘“"““‘—‘ Module kncoding korm
b(tu;.“ Le Number W Content Hodules '

? fs your This module is the same as
neme module

in sections

1. Module NAME

a, Identifying Name

o - e~ p——

- b, Abstract:

(R ——

c¢. In natural language:

(a sentence)
d. Civen in terms of the
AREA-part of the GOAL
language:
e, Semantics: .
wl = . Al = Az = A3 =
"2 = . Al = Azs A3 -
i
! w— = . Al = N AZ - A3 -
H
PO Zheci here if other words ’ .

K are on back § - o o .

b




] .
-
‘ - — —-
g - - ™ —
- —— anmas - o e e
| R S — —— - e S - eees W e—— e s o e v

\ o

] 2. 1EVEL: (a number or range where introductcx;y = 1, intermediate = 2, ‘
advanced = 3)
|
\

3. TIME (for completion): f

minimum waximum

o ——— e - - ———— - ———— ——-

4. MEDIA (in which module is encoded):

. [books | course | film | audio | video-tape | computer ] journal] seminar | consultation |

other:

o o ————

5. MOTIVE:

material suitable for students with motives ranging from to (range [1,9]

6. ACCESS:

[funt 1ibrary | Science Library | bookstore T audio/visual room|

other: i ’ . s

conmimn

7. CITATION:

a, Formal description of material:

b. Evaluation (Score from 1-10, where 1 = quite poor, . . . ., 10 = excellent):
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8. PREREQUISITES:

|
| a., Educational level high school college graduate
1 needed for module 0 12 [374 516{7]8|9

b, PREREQUISITE LIST:

-~y

Area/Level Mastery Motive Time
. (range 1-4) (range 1-9) range

5. ) i

6.

7.

check here if other prerequisites
are on the back
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¢. Aptitudes:
CRE SAT IQ ATGSB OTHER

d. Attitudes:

e. Other (any material of important nature allowed, to be answered "yes' or
"no" by the student): :

) ‘ j
9T MASTERY™ ;
’ hat
a, Mastery Level ( a number or range betveen 1 and 4)

b, Mastery Tests

vom

r.m"




Appendix C

STRUCTUR: MOUULE BNCODING INSTRUCTIONS

0. JIntroduction

The purpose of these instructions is to aid you in filling out the encoding
‘form. You will find both new information as well as summaries of some information
téat was in the Encoding Guide, which we assume that you have already read, In
particular, we assume that you are familiar with a GOAL statement, underst;nd the
purpose of the subgoal lists in structure modules as well as the distinction between
tion (giving integrative information when necessary as well as testing procedures).
Checking each number and subseétion of the encoding form with these instructions
should faéilitate your encoding task, In the upper left hand portion of each form,
you will find a place to number (in any fashion) each module as well as give your
name; in the right hand corner, you may refer to an earlier module, which will
.}npli that this module is identical to the one so refe;enced, except for those
sections ;ﬁ:: you fill in (which wiil override the sections in the referenced module).

This is a '"ditto" box, for your .convenience, when you find you are encoding the same

thing, or same section, over and over. 1™e rest of the guide is self-explanatory.

-
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1. Module Name .
a. Choose any convenient simple name, in natural language, for
referring to this module. (This may be the same as part (b)
. or (¢)).
b. 1In natural language, give the purpose or goal of the module;
this may often be simply the goal statement of the module,
part.(c), or even part (a) again.
c. Give the_goal thav this module is to satisfy in terms of the
area-part of the GOAL language. Again, this could be the
8ame zs part (a) of (b).
~d. Semantics
For each word, or hyphenateqmggrms (W) used in (c) above,
give three lists. The fir;t list (Al) contains all words which
imply w, or from which w is an immediate subpart or subset. In
a knowledge domain, it is the category just above tge category
that contains w. ‘The decision of A1 is based on the encoder's
intended use of w, and hence, is based on the content and context

of the module being encoded.

Then give.list A This contains all words equivalent to or

9°
synonorious with w. It is'those words on an equal footing with

w, the same category as w.

Finally encode A3 which are those words (f.e., categoerics)

o or are Jderivable Jroo v,

by

that are subrers of or followw
;

It is the éaTe~orv(s) just below the one reproseazed by w,

Tend to limds the uwerbor of aentrivs of cach Ai to apprenisately

three or the total (of all nembers of all the AL.S) to nine,

This rule is por Tied,




If wecennary, re-arramge sodee (8) to fit large lists, by boxing in wore lines ¢-3
vhere needed,  If more space is needed for other words, usc the back of the first
prove  Thore fnoa bou to O ookoen the Jivot pone i€ vou do this,  The same is tru
for the subgosl list on the second pare.
Fof cxaﬁglc, if operations-rezcarch had appehrcd in section (z), then scction (2
might have:

jApplicd-math

Al =
(}mnanoront.scicncc

o4
"

Oporationz-Pogonreh «m A, = Quantitotive-netheds

Dvnanic=procrorsing

Linear-prorramming

Nonlinear-=rogoramning

Simulation
Probabilitv

Statistics

Queliina-thoory

/“_\_" n

Cuntrolothnory

, i.‘
Note the use of the hyphen, This is to emphasize that such word pairs as

"operations rescarch" and “complex variables" are really to be considered single

terers, The comnosite word (e.g., cenisluonevariables) convtitutes a siniic term W,

e - . - cay . T $ a e . ? o aiqleen cees ¥

For veuy ceperal wowds (0Lgo., nancces ate=science, philoscnby), there oo be no

. T N S N i “. o . . . $ N et S 2 e, cea Ve o .
10‘:{&:31 L osy el U, S BEPCICDS SEFUUURLIRE S A AR A < TAIHE- T o T 4 A RN
.

- . H 4
of the A, rot,  Yor cocrole, She &0 sl For Moons sertesolonee” contrite oaly the
i : ’

.. . 0y H  t . . .“ar . N . + “ L} ‘o . . ‘. . . .
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2. Choose whether this module is to be considered an introductory, inter-
-’

redinte, or advanced one. Your choice will depend on Your purpose in

encoding it, Other criteria can affect your choice. For example, the

same module may be encoded intreductory or intermediate depending on

the length of time spent on the module, Abbreviations for levels are:

introductory = 1, internediate = 2, advanced = 3, If you wish, you may
specify a range,

* 3, Motive
Give two numbers which describes the range of motivation, ranked from
one to nine, within which 'this goal is suitable for use. Cne.is lowest

and nine is highest., Thus, if the goal is suited for only the most

P mtaven e e s e S ne B A <y A & S ——

serious student, one might choose the range 8-9. A very simple approach
may be more suited to students with little seriousness of purpose. ;
(i,e., 1-3). The goal may be appropriate for extremely broad (e.g.,"1-9")
or narrow ranges (e.g., '"9-9", "l-1', 15-5")
; 3 4, Subgoal List |
7 Give the various subgoals whosg accomplishment will satisfy the goal

of this module, Note that you are to estimate tﬁe suggésted'time,
motive, and mastery ranges that suitably describe the subgoals as you

. intend them., The total time of all the subgoals should not exceed the
total time alloted for this module in part 3‘d§ove.‘ By specifying
ranges rather than cxact times you will eliminate the need for constant
chwwcking of the total tire or petty nurber-josgling., Also thoeve may be

ome correlation betveen the motive of the module itself and the kinds

0

of rorives to be unpected i ghe pursmit of the subyoals, O course,

; : . . . . . .
there waw be ne rolaetions, erweentions, e, There is no fined vule invelvdd,
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5.

You may use a ran e for each parancter, and henee, can include and c-5
exclude whatever you wish, If some subgoals would best be started after the
completion of other subpoals, put these dependent subgoals after the more
"preliminary" ones. When estimating time for completion of some module,

assume the student is working full-time exclusively on that module, It

is his only crask to be pursued throughout the whole work-day.
The estimate of the time to complete a module includes the time necded

to do any integrative assignments given in the mastery section, To converti

"semester courses" into full-time efforts (p us other equivalences) use

the following guide:

a. One 3-hour course = 4 weeks or 1 month of full-time effort °

b. One 4-hour course = 5 1/2 weeks or 1 1/3 months

c. Six weeks of a course =1 1/2 weeks
d, A mini-course = 2 1/2 weeks
Prerequisites
a. Education level needed
Choose the aumber corresponding to the highest level nceded
before one can "handle" this module. This is often an estimate

of "sophistication" needed,

b. Aptitudes
If any of the standard tests listed are peréinent, give the
minimum scores needed or expected in the respective boxes. 1f
another test is required, give its name and minimum score in
the extra snace, &s provided (in quoter), You -y use values
or perccn:ilcs:

¢. Atrtitul-s

Rl ] . . - . ae . . . *
I sy particalar atcizades are vegquived for the ~odule,d Toteiifice o

£

- £he tosb el meieiveen goores mas b Tieted or g cnoted aesaane ortorad,
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d. Other

Give (in quotes) any prerequisite that must be met that could not
be encodued above. This message will be returned to the user as
an inquiry; a yes/no response from him will determine whether

he meets the condition. A "no" will cause the module to be

relected as unsuitable,

- . 6. Mastery . _

There are four mastery levels, analogcus to a student dumonstrating
competence in some course with either a grade of 'pass" (level 1),
a grade of "C" (level 2), a grade of "B" (level 3), or a grade of MA"
(level AX. Specify the level (or range of levels if this applies),
for which this module is suited, Make an effort to achieve agreement
between the goal of this module and the mastery level you specify.

“G{;e suitab;e aducationa. resources or activities that may be
necessary to integrate (or summarize or consolidate) the collection of
subgoals specified in part 4, Thus this material’is.at the level of
the goal itself, not any sub goal. If you do.not feel this is neceded
or is already achieved in the ackomplishment of the subgcals, you may
omit this section. If an entry is made in this scction, it will be

-

outputted to the student exactly as it appears (it is merely quoted).

aferances whore neccssary, This

rf

te clear, complste, and give concisc
is‘thc only ivfor«ation the student will have,

Based on part (b)Y above as well as the subgoals thencelves, soccity
evaluation or testing procodures tiiat would adequately reficet a con-

-

petence at the saasters level (50 specificd, This portion roo will be

.

cuatod,  Te eloar aunl ocoatete,  Thoe tertr evaluate postery of the ol
rathor Chait Just tae stegeais, thougil thore ave tities waea tads aay

“ be equivalent,

- -
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Module Encoding Form:
"Structure Modules

l.ovule Number !
<p.-us your

auame

7

‘ 1. Module NAME

a. ldentifying Name:

c-7

This module is the
pame as module

in sections

b. In natural language, give the goal of the module:
(a sentence)

o

. ¢. Give goal in terms of the

AREA-part of the GOAL
language:

d. Semantics:

] = : : .Al = - Az.;

.
P ——

~ Jheck here 1if othoer words

ar2 on back




2, LEVEL:] (a number or range where introductory = 1, intermediate = 2,
‘: advanced = 3) )

3. MOTIVE: Completion of module appropriate for students with motives ranging from

from Ej to : (range [1,9] i

4, SUBGOAL LIST:

v

Area/Level Mastery Motive Time
(range) (range) (range)

TS

o

P —

1. !

EMC— : i Check here if other sub-goals are on back|




t.. GENERAL PREREQUISTTES: . |

z i

a. Cencral educational 1eVei needed: high scheol college 1Fraduate w,
0 1128314 si6]21819

b. Aptitudes: | GRE SAT 1Q ATGSH Other: ;

¢c. Attitudes:

———

S ! d. ther (any material of important nature allowed, to be ansvered "yes" or "no"
by the student):

6. Mastery E

a. Mastery Level] l (a number or range between 1 and 4)

b. Mastery Assignment

¢, Mastery Tests

A




