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The Educational Research and Development Unit (ERDU) of the 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 Corporation for work on a

specific project within the general purview of ERDU. This report describes the

research and development activities in which ERDU has 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 programming for the Educational Assembly System (EAS). Although work hai

continued in the evaluation of student attitudes, faculty productivity, and

teaching effectiveness, it has been 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 EDUCATTONAL ASSEMBLY SYSTEM

I. Overview

Our 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 general (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, films, 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 serve the particular needs of this individual student. Such a consultant

would be expected to suggest 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 of two parts: a) structured descriptions

of educational goals and materials (mOdules), and b) a network of word

relationships (semantic net). Both of these are created by various subject-

matter experts. The user inputs his goal, including information about the

area, level,- time he wants to spend, etc. Then the system interacts with

questions about possible inconsistencies, prerequisites and other relevant

information. The EAS programs attempt to "understand" (see Question C)

the student's goal and then searches for modules that-satisfy the goal and

the side constraints: Further interactions may occur between student and

system. Finally, the student is presented 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 does not retrieve

the actual materials; it directs the student to them. In fact, it is more

accurate to say that the product thick the system generates is a study guide,

individualized to a particular goal and student.)
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B: 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 hand

simulate the entire operation. Consider what 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 dnto 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

include 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 been 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 subcurricula. 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. In general, there

are as many different curricula as there are actually different combinations

of the various 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
n
, we have a rather large upper bound (240 in our example). In

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

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

thit when one is talking about between 1,000 and 5,000 modules, the
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concept of keeping a conventional file becomes, at best, clumsy. In

addition, we then add the issue of updating, changing, and editing onto

this large (and 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 and specified variation.)

In addition to the sheer-size argument given, the EAS system performs

other functions strictly orthogonal to a file's conventionally static

conception. The original incoming goal of the student is analyzed, and

evaluated. In an interaction with the student the EAS generates suggestions

for improvement and allows responses by the student. Information gained

during 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 compensate for the size of the generated space..

This effort, in real terms, makes the concept of a file substitute inappropriate;

it is much like arguing that a 100 by 100 matrix can be inverted by hand by

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

undertake the task.

C: How does the systemunderstand" 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 semantic net contains informatibn about each term used in the description
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of any 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 theAnformation 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 includes applications

to transportation-problems, and when no modules are described this * *ay, search

operators'on the net will derive the possible substitute of OR including

applications to transportation problems. Presumably there is a module that

has this description. Net operators are part of the system design which we

believe will stimulate reasonable semantic inference in this task environment.

Similarly, the student may haw.: phrased his inquiry askew to the way the

module is described. As an example, the student may have been interested in

"OR or simplex-method." Thus syntactic transformation are also applied. The

system will search for a module by this name (and 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 initial goal are made

only when the student's original request cannot be directly satisfied. Such

changes are also made for internally generated 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 mre'ules and

a 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. stuf.ent as your 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 load for the semest.10.

The EAS system can accomodate such a desire. Since the system has as one

of its central features a semantic capability in ctder to deal with fuzzy,

ill-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 by him; but it is largely unattended

and requires little resource investment by him once the areas have been

encoded. (Thus GSA may move from an environment of repeated course

production towards one of course management where professors manage the

student's progress rather than regulate it.)

Use 1-1.3:Prerequisite Resolution

GSIA already uses an informal subsystem to accomodate students who do

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

FORTRAN, etc. In addition we also rely on certain mathematics courses



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 needed, or in other 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 burden

of managing such diversions for each course.- As a consequence, fewer

assumptions need be made about the student, and the studenp 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 elsewhere.

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 faculty 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.
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Use v: Resource Evaluation

Again in the same context of a.multi-net environment, the administration

(or head GI a department, etc.) may enter certain goals, representing areas

or topics he wishes to see supported. Then the resulting curriculum

becomes a resource evaluator. The more the system can pull 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 kindi 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 limit and

hypothesizing 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 is 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 not wish to invest any labor

in the project (i.e., permanent faculty position). Then we would generate

a net and collect the resources that were described in the net (e.g., books,

filas, courses at Pitt, journal articles). The net would act as the supplement

program, making available suitable curricula, as appropriate, for a wide

range of inquiry. With a minimal updating, a classical political science

program could be made available, at a supplemental level. 'This use could

of course be applied to the school or university level too.
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E; Given that the EAS is supposed to do the job of a talented and knowledgeable
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 educational environments

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

tional" approach in a specific application: the offeringof 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
0

existing program. A major goal of the program is the construction of highly

individualized curricula that are tailored to the specific needs and

abilities 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 that the content

area (e.g., psychology) has not yet been encoded'. Thus, our

cost estimates will reflect the amortization 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. The 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 follows:
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.1,000 modules from top experts:

4,000 modules from major researchers:

10,000 modules from graduate students:

$ 15,000

35,000

30,000

$ 80,000

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

a fixed cost, independent of actual usage, based upon existing

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 curriculum. Assume that each session lasts

about 15 minutes and that 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:



-12-

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

usage: $40 x 2,000

20,000

80,000

150,000

$75 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 individualized-curricula-of-the-

kind produced by EAS. We assume that student-faculty inter-
,

action takes somewhat longer than the EAS interaction. 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 fringe,

overhead, etc., 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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c. Another way to pose this is to estimate the cost of acquiring

a faculty that can devote 500 man-days 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.

d. 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.

3. Comparison

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

Students
N

conventional
EAS

without amortizing
encoding

EAS
with amortizing

encoding

500

2,000

10,000

100

100

100

$80

--

--

2 years 5 years

$75
,
*

$47

$60
*

$44
*

*
Based upon calculations similar to Section l.e.ii
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II. 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 decisioni about the

general site and scope of the knowledge domains in which the 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 construct 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.

We estimate that approximately fifteen thousand modules will be sufficient to

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 describe the accomplishments of an educational

goal in terms of the completion of some subgoals. We call these structure

modules. Ultimately an educational goal is described in terms of some actual

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



1. T.:odu:o7. ::,-isdr..::

A. trines of -nodules

Area

manaement
science

B. number of -nodules

approximately 7
3
3

-15-

Level Time (academic yr.) Equiva:enco
in -nini-

introductory courses
'---5 months 0 yr.) 9 curs

10 months (1 yr.) 18 "

intermediate
15 months (1; yr.) -----27

20 months (2 yr.) 36
advanced

25 months (2; yr.) 45

topics per course
sub-topics per topic
sub-sub-topics per sub-topic
modules per course

\ x5 variations of each module

ft

et

total of ;_L-, modules per course

Assuming 45 courses, we pet 14,175 modules.

(In addition, assumina two calculus and one linear algebra
as additional supplement, we add 045 modules.

otal modules anticipated: 15,120 modules.

Figure 2

Size of Data Base for Management Science

i
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content modules. Our module collection strategy is to have top-level people

devote most of their effort to structure modules - thus defining the general

structure of knowledge in their areas. Content modules, and lower level

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.

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.:.

level and second-level subject matter experts to encode the first set of

modules to be used in debugging the EAS programs. Rather than repeat 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.

Several GSIA faculty and Ph.D. students worked as encoders, producing a

small core of modules (250) and giving up some data for estimating the labor

costs 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 implented 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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many "patches" throughout. Our next step is to totally redesign the "pure

programming" 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

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

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

of the equivalent of making a C, with a motivation level estimated at 6-8, and time

desired of 4 1/2 weeks, using any media. Such information is usually abbreviated

by the system as :

U
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
simplex-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-



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 giveh by:

linear programming including prime solutions

linear programming including problem formulation

linear programming including geometrical solutions

linear programming 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 treating 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

module 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

as the best try though deficient in time. Again we note also what the system

did not do. Since the time was out of range, the system allowed a small 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 were 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 "time".

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

altered. As will be seen, we shift to 1 1/4 days. The goal is quantitative



methods including linear optimization/introductio, 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 fraill subgoals, it created dummy modules, in effect

indicating to the student the necessary accomplishments he would have to achieve. In

this particular test, one subgoal differs with respect to level from another; other-

wise it is identical. Agaimwe 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 confound the evaluation), and

so assigns the claimed prerequisite, producing the tree that was given in Figure 3

with the exception that we have modules for linear algebra, as shown in Figure 4a and b

In the next tests, we have a desired goal of the form Ilinear 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 weeks. This particular goal points up the capability of the system to



e>"

-20-

target goal: quantitative methods including linear optimization
introductory,l; 3-5, 11/4 days

Iaccepted goal: linear programming/intro.,1, 3-5, 1 day
module:
(#1)

target

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

accented: 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

target 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.,
(#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.,2,5-7, 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 formulation /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 weeks
assigned module #4

target subgoal: linear programming including simplex
method /intermediate,l,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



("To:: e)

-21-

(---!TocitTT7'N
1

\,_ 3 .)

N\i'.!odule target: Linear algebra or matrices -)
1 -4T intro, ,l,3-5, 1 day

Iaccented profile entry: linear al2ebra
intro. ,,6, 6 weeks

I

1

i

.

I

7-
f assiP-nea
m-ofile
module

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 goals. Some of

the more obvious transformations included:

(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

A more complete example of syntactic expansion is given in Figure 5. In

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 converged 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 description 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 Ulf!. two, "linear

programming including simplex method". It proceeds to create the rest of the

curriculum as given in Figure 6.

In another test, the system considered the general goal area 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 differences

to appear. For instance the system chooses those modules whose subgoals appear

satisfiable by the system over modules whose subgoals (or a smaller percant 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 "need 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 presently 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

assembly 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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to-level tareet 7oal:(linear programming: or operations research)
including simplex method/introductory,2,7,,day

_ assigned dole -1: linear prora_ming including simplex method/
introductory,1,2-c,i:: day

vs.

subaoal: linear pro ramming including problem-fomulation/
intro.,1,2=, 1-2 hours

accepted module 72: linear programming including problem
formwlation/intro.,1,2-6,1-2 hours

sub-subgoal:linear algebra or matrices/iLtro.,
2-3,4-9, 1-1i weeks

no modules acceptable: assip:n du-my nodule

s-;b701: 3.1ea:.. -A3.--ebrs:lintorductory.,2-3,4-9,1iwee

,.cce.:,ted r,odule ."!3

Figure 6

..-':c.1.3:: (d2 co;.livel zoal
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1
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IT7I-e-sions/1,3-5,1/3-2/3 day

11n.3.ar-rro;--ra,Hni-: a=3:!'? cia1 -s.)11.)Tions/1,1,3-5,1/3-2/3 day

trarsnortation-problem/1,1,3-5,.} day

transrortation-prcbleu 1:-CLI:DTIZ prime-solutions/1,1,3-5,i day

trans-porta-Lion-problem INCLUDING dual-solutions/1,1,3-5,4.day

11\` \
\\ cricical-llath-nethod/1,1,-5,1 day

\
critical-path-method INCLUDINC)/1,1, 3-5, 1/3-2/3 day.f

\\\ \ `problem-icrmulation

'fcritical-rath-method INCLUDING) /1,13-5,1/3-2/3 day

;

\ solution-formulation

\ decision-theorv/1 ,1 .3-5.1 day

decision-theory INCLUDING problem-formulation/1,1,3-5,1/3-2/3 da:.

\\\\decIsion-theory INCLUDING solution-interpretation/1,1,3-5,

Iforecasting-models/1,1,3-5, 1 day

.\ forecasting-models INCLUDING problem-formulation/1,1,3-

forecasting-models INCLUDING solution-techniques/1,1,3-

5 ,1-24 day

5 a/3-2Ada

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

\ 'scheduling-problems INCLUDING problem-formulation/1,1,3-5,3 day

schedulin-problems INCLUDING solution-ideas/1,1,3-5, 4 day

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

inventory-problems INCLUDING problem-formulation/1,1,3-5,0-24a

\inventory-problems INCLUDING solution-interpretations/1,3-5,3-213

cr'erations- research INCIUDING applications/1,1,3-5 , 2 days

.

( inventorv-t-robles)

k atpii;aLio:lo ce:;:s:on-L..Q.):.:)/1,7..,

,-,

Figure 7

. . .J 13
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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.



--3gramming ,

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

:.2neral-programming/1,
2-3, 6-8, 3-4 weeks

\\,

grog. INC.

2-4, 5-7,

.prog. INC.

2-4, 4-7,

languages/1,
1 1/2 weeks

implementation/1,
1 week

,program design/1,

3-4, 5-7, 1 1/2 weeks

heuristic- programming/1

5-8, 2-3 weeks

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

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

Operations-Research/1,
9-3, 6-8, 3-4 weeks

simulation/1,
-3, 5-8, 1/2 week

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

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

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

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

prob. INC. density-
functions/1,

3-4, 6-9, 1 1/2-2 days

prob. INC. distribution
functions/1,

3-4, 6-9, 1 1/2-2 days

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

-29-

Logic/1,
2-3, 6-8,'3-4 weeks

propositional-
calculus/1,
3 -4, 6-9, 1 week

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

1 1/2 weeks

"mathematics /1,

1, 1/3, 1 week

predicate-calculus/1,
2-4, 6-9, 2-3 weeks

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

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

Content module/1,
2-,5-7,2-3 weeks

propositional
calculus/1,
1,1-4, 2/3
2/3 week

linear-programming/1,2-4,6-8,1 1/2 weeks

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

--., 5-6, 1/2-2/3 week

duality-the ory/1,

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

Figure 8
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EVALUATION PROJECTS

The ultimate goal of all of ERDU's projects is to increase educational

efficiency. In the case of the work on the EAS, we have taken the route of

actual construction 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 degiee" jointly offered by GSM and Carnegie Institute 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 to 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 based upon'a

reasonable set of assumptions will correlate highly with most others. In

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 gener'al 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 ranagement 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.

1
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Appendix A

MODUTX ENCODER'S GUIDE: DESCR1FTION OF YOUR TASK

We wish to enlist your expertise in the creation of a data base for

an Educational Assembly System (EAS). In this Encoder's Guide we will first

describe a few features 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.

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. In most cases, the subgoals have their own sub-

subgoals, etc. The higher level subgoals are often described using structure

modules, which lay out the relationships between the broad areas of knowledge

that are related to the student's stated pa'. 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 shnll ...turn to a fuller description of both structure and content models in

a later soetion.

kin.11; of illfcn:ation. First it n,:eds t.)

know z' .t tae ::ti dont: his goals, his background, his preferences, etc. Such

inforr.,ti -1 is Biro t1} y the individual user during his initial tutor-

at.tio:1 i t, ., it w:11 col,c,rn w further h...re. :ocond, it atfd;

to irth .',%t tAto of ;no..:1,d,o in thy' arvas for which it IA croating a

curriculu. ror exaTplo, it noeds to know that cho droa of linear programming has,
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as subareas, material on objective functions, on the simplex method, etc.,

Part of your task as an encoder is to precisely specify your view of these

relationships or subgoals in your area 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 encoders, and by the (typically naive)

student. For example, it needs to know that (for some experts) "operations

research" is roughly synonornous with "quantitative methods", that it is a subset

of "applied math" and "management science", 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 let by building a file of all such

relationships provided by you and the other encoders. The distinction between sub-

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

Your task: overview

As indicated above, 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. Both content modules and

structure modules are encoded in terms of the goals that they satisfy. Your task

is to (1) create and encode a module that will satisfy a high-level goal [specified

by the system designers] and (2) to encode the subgoals generated [by you] in doing

(D. This procoss may continue for several lovols. In order to do (1) and (2)

you need to ;mod more about the language in which goals are to be written and about

the other information reouirod to encode a module.

Coai. st.1;k

To t-e t.it k cloar, we sha!). brie:ly a uoal stato=enc. (Yore

detail aoeuc. t.Juis will 1,t1 proviAlc,1 latyr). A goal has IAA,: parts:

(1) The area givs the subject or knowledge domain that the module considers

r seionce or "e:mo:-ic!;").



Terms may be combined with the operators AND, OR, EXCLUDING, and INCLUDING (to be A-3

explained shortly). Parenthe'ses should be used to avoid ambiguity.Some examples

of area expressions are " (computer-sci once INCLUDING programming) AND (mathematical -

logic)" , "microeconomics OR (macroeconomics INCLUDING public-policy-economic)",

"psychology EXCLUDING (math AND statistics)", etc.

The last two goals use the terms INCLUDING 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 EXCLUDING (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 search, if it is unable to meet the added demand of math. Observe that

"psychology AND math"
repests both areas in a module. This is not their senarate

union but rather an intersection or integration cf the two.

Note the lack of verbs, prepositions, and mndi.5iers. The area part of the

goal is not a description. Rather it is an indicator of the subject material's name.

Hence, one must convert such phrases as "wiring of the machine" to "machine-wiring".

"Setting up L. P. programs" is converted to "L. -p. INCLUDING formulation". (If

necessary, phrases are to be converted tO new hyphenated forms as "making of transistors"

becomes "transistor-making"). In Figure 1, we have listed appropriate' area encodings

for several topics.

(2) :he level specifies one of three levels of treatment: introductory,

interrediato, or advanced. Thus, we may have "economics/introductory" or "progra.--ing

ANL)

to the I, "1".

3; 1
. . .

.in -:,tI!.:.1te of the level of acce-:-.1is:::.onc ex:t:tcti

by .L ! 1, t!:.. tvvot

ay.locioto.! v:tti t!,t. 0,4ire to onto:: ,.-cnerat in the area.'

, r c:It "/", mee.:. fit.; vvvr:
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Some Examples of Encoding

Tonic

"thj art of programming"

"learning to program"

"how to evaluate a canned program
with respect to suitability of needs"

"functions of several variables"

"management science applications
of linear programming"

"mathematical approaches to
decision-making in management

"use of Lagrangian multipliers"

"programming robots"

"describing decision making"

cfC.cikItt InI,LnLory control str.iticW'

Aron-nnrt of COAL

programming

programming

canned-routines INCLUDING evaluation

complex - variables

linear-programming INCLUDING
management-science-applications

or

management-science-applications
INCLUDING linear-programming

(depending on intenda 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

de:ision-J.)nlysis INCLI:DING
docision-flo.4-diagrnm

(dcr,I.Jin, on intcnt)

inVllior-COnCr01

or

invtntorv-control-tochniquos
(kIL.,,t.n,:ins., on intent)
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This is roughly equivalent to a pass in a pass/fail course. Level C is on of

miulm.al satisfactory proficiency. It assuL:es 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 the student is under full control of the area when done with

the module. He can fully manipulate and handle the material, doing the bulk of all

typical exercises, answering 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 new material in the area. This is analogous to making an A in a course.

(4) The motivelrepresents a estimate of the appropriate degree of seriousness

of a student who 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

motivation in pursuing this area. The range 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

allowed 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, consider the full goal: program:ang/introductory, C-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 allows a total time of two months for completion. As an encoder, if'you were given

such a goal, .o.:r jJJ .would bti to so..!cify odacatio.lal ectivitics <<11 tho student that

would satis:y this goal.

Strn, Lof'e , :

Civcr: a :Lt:cnt's run:lost% is to enable the studcnt to fulfill

his e,o..11. L.Ich renv,::ont.: a po.;si:11c g.fal th...t a student ray havt..,

and to cneeJc a re:ute is Lo encode a 00:-.:;iblel goof.

re:sources are yetrive.i to s.itisfy the thus the "pc,requi:dtes" section of t!:,

" th ro ;



Structure nodules are often associated with more general goals that are in turn depen-

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

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

satisfaction will permit 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

'management science' at an introductory level". If we wish to encode modules to

satisfy these two goals, in the first case we may encode the book by the same name.

The mastery of the book will be the suitable 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

field of.management science as consisting of the 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

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 administration". 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 research". He may feel that the student should read the first two chapters

or Aronofsk:'s b00%, tho art::: half o: Folirr's 1-ook on Ilrability and o'ot an introdurtory

understanding of simulation, linear progra=ing, and statistics. This sequence of actions,

whi.:!, would fulfill t.. t' only as a FCC Of 14,h:0'1 to

bo fulfilltd. Thns ooncormd with o-,.rAtions rosearchintroductory, the

cnoo.lor re..dro to -;tut!y in the O. area, ;3ot

on int.ron.to:\ n.s.:tr:.t.nlin, of al intt-ojAction to ot.

got on incro0;::tion to ind inr:olnotion to
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statistics.Thie five subgoals are the basis for !nastering the goal. In turn, the suhcoals

above are then treated separately, each as a subgoal to be encoded by itself. To satisfy the

first sutgoal a:)ove, the expert may encode the subgoal by giving the retrieval of Aronofsky'zi

book as one possible satisfaction to this subgoal. Similarly, for the other subgoals. For

example, satisf:.ing 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, namely SIMULA,

while (2') is also encoded with one possible solution.

The distinction between structure 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 that

will satisfy each subgoal. Maintenance of this dichotomy between content and structure

preserves the modularity of the system. We particularly do not want SIMULA tied to

simulation. Rather we want it tied to simulation languages. We do not want to go into

the structure of the varied modules that use SIMULA to update them.

Prerequisite Snecification

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 the subject matter in the area-part of

fht. goal. It is analogous to a book's section headings, under a chapter that dealt

with the area-part of the goal,

It is oaly a diooction :tf. the Inaterial itself; it is not a comalate elahoration of every

piece of raterial that would have to he specifice. such that the goal would he completed.

In this sonso, subgoals are not Clo ::are. as prereqt:isites. (Tndood, to civc all pr.,-

requisit,._s, ono would h.,ve to spo.:ify a roading vorsatility in English, te,)

11tdt is, ail onct!i,-01_, .-oro4.tisiLos n,ed A): '0.2 seoziCio.! aA r.nhdo..:ains of th: aroa-part

givoa of
. Only c.:.o tliat on th:
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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 one reason why more than

one expert will encode the same areas.

The place where preliminary prerequisites do get included is in the content modules.

When materials are actually retrieved in order to satisfy the subgoals, the need arises

for the preliminary prerequisites that will enable the student to handle these

materials. In the portion of the content module form entitled "prerequisites", such

tequiremonts 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,

given 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) simplex-method/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.

However, left unspecified are the prerequisites of sufficient calculus to understand

(1) and enough linear algebra to comprehend (2) and (3).

These prerequisites however are not really an integral

part of linear programming per se. Thus they do not appear in (1) - (3). [Perhaps some

would say that some parts of calculus are to be included in the area of linear programming.

Then they may have added a fourth subgoal of Calculus with a time of four months. This

is permissible, if the encoder decides so. Needless to say that he will have not encoded

a structere moa:le that woul: fel:ull the eriginzl 'zeal givenbecauso of tire. Nonetheless

it is a valid m:ule. In suoh a case it simply would renresent the best the encoder was

able to Jo wit'l n tir.o overfl-w !n this case of four months.] So l et us assume thot the

three sub4oals given are felt to be a proper set. Wacn the sub pal (1) objective functions/

introductory htinA th ento,i.r eithcr choor:o to docoes,., that further

or chooree LO L,c,:t4 a CuilLci.t. A.;SU.A: that he chooses J contLnt.

he indicates some educational resource that adequately CUMMUlliCateS the concept.
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Perhnp it is the first secLion of the second chapter of the book Lint .r rot-r.

The question posed in the encoder's form is what prerequisites are needed to handle this

topic. It is 1-,re that the .n1coder 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 stient 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".

Then again

for laymen.

Hence the encoder would be expected to specify this.

perhaps the encoder nas picked a different book written especially

And this concept is excellently explicated without the notion of any

higher mathematics; only high school algebra is needed. Then the prerequisites are so

posed. Indeed the actual preliminary prerequisites can not be totally clear unless the

actual material to be 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 nothing more

than high school algebra (though an analytical 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 system and are handled like any other goal.

Note that the encoder may ( and frequently will )

alternate between structure and content modules. The original goal may be completely

hnndled by boo': he knoYs of. Thn..:% the initial ercoditv is one of cont.nt, net str ac-

ture. However, after vpecifying such a book, he may wish to specify several suh.:oal-;

that are necessary in order that that hook can be hand led. These may include several

ceneral d4.4cribed in 4.:124!..i in t:.rn entyrLd into the ..:vstm

14r n ne:0 t nand r begs. . ..0 ea re ( . :in).

Trpien!Ir n h- hro..1..r (or "hi:her 14ve1") do-nln the r.e.h.1.0.: 14c

.. .411. la'v'a I le it t. Lvthl 1:0 :.

eoatent modules. H4vever, this is not j requirement.
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Su.1-111:

In general, the encoder must decide

whether the area-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 modules). In the case of such structure modules, he will be asked to define

the primary subareas 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

is 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

can be further appreciated by contrasting the encoding of the area "management science" by

listing 20 courses that must be taken, versus listing 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, sot.e short series of lectures (perhaps on video tape), journal articles,

or other educational media. Of course since content modules can have prerequisites that

lead to other structure or content modules, the curriculLn will vary with both components.

A hypothetic:..t curricubw.1 is .riven in fipro 2, as it evolved for tha rarticular

student's goal as she.:n. :n thc et.rrizula, the various kinds of moJule aro outlin,d.

The uo.les in the r.-reNtt:s: wItic the curr!,.u!l :.atone:

tht c_rvc::L or o: etvd.at. nt.s Lh,s.c ::re all the

he may begin his study. Vwcau6 of space limitations, associated mastery mAtrial is only'

$hodu :or 1 cow,l of ro.!ol. cOs..1 !Mt' "*..1.
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Further Specifications in Laicodoql: MaAtery and Time

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 deteraination 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 concern theimaterial 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. In 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

the module is not of the subgoals; when they are encoded, the mastery of each one is left

to the encoder of each subgoal. Rather the mastery involves mastery of the "node" at

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 vase that what the Atudent is to get out

or derive from the material contained in the subgoals is strictly greater than the sum

of the parts. That is, there may be an integrating activity that unifies the separate

subgoals which is an understanding over and beyond the content of-i-ach of the subgoals.

It is often such an integration that constitutes the goal of the module itself. Hence

In those cases where the integration of the subgoals does not occur duringe the pursuit

of the s72ozonis, such integrati ietivity will occur as the student attomrts to der:en-

strate and evaluate his mastery of the node itself. Such integratin,; activity or material

or rt.,.:rces nre ..:it ..d in of ...h., cl:o%1Lr.,- for-.

The portion of the specification o;: the m..tery section mly include a

refertnce tO se' :e .-ducntion that att....,t:z to !t. coon?iaatv tho

disp.Irlre .:4 thar 04
i.i! e.o. :

the er.otior t'*svcifivA StNlo er teqt or :,roee.h:ro rito ,tud.qt rov evaluate,

his mtleter: .0: th. node %Atli 1:hich ho currontiv involv& On the other if In

doln}; the ;;11.11.;, the :.tu,Lut will achieve the Overyivd or unification a:4 he prtil;rit,
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through the subgoal list, such additional materials need not be assigned in the first part

of the master: oortion for t1 rIcLit.le. The Choice JIIJ decision is up to the encoder.

Thus the mastery portion'is the section of the encoding format that contains not only

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

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

level of the seal itself (rather than any subgoal level). By way of analogy, recall that on

final 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 modules. Since we do not have the same time and space limitation, (nor, often

the same motivation), we shall replace the final exam's briefly described situation of inte-

gration. In its place are references to something more akin to the last section 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 integrative 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 "programming 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 to

sub-6o::ains; ihv.:evtr no activity yet would inte:,:rate the :o senarace dorains. Thus, in

the mastery :lortion of the toi to (ori.:.,inal structure module), we would have to specify the

cduci,Lional rksetces seeit:; he= s t.

be c "' ,:.;.lkut to :;!.cw 111:-; m..ftery ltvel-



3 (a)

programing
significance-tests

d

Computer Programming
in Statistics

(chapter 1:

significance tests)

3 (b)

programing
introductory,

I-

Programming
Made
Simple

Chapters 1,2,3

prouzioming and statistic
introductory

I

A-14

programming AND anova 1 programming AND factor-analysis

introductory

Computer Programming
in Statistics

(chapter 2: ANOVA)

.11WwwNom.

introductory

Computer Programming
in Statistics

(chapter 3:

factor analysis)

programming and statistic
introductory

statisticsr)

Statistics
Made
Simple

Chapters 1-4

Figure 3

See last section of each
of chapters 1,2 and 3
of Computer Programming
in Statistics

Symbols

:) - structure modules

- content modules

- assigned integration
(mastery) material

Similar curricula with and without integrative material

A



A-I5
Time Recall that the student is assumed to be working full time exclusively on

the particular goal being encoded (or each subgoal in turn). The estimate of time needed

to completu a module includes the time needed to complkte any :ntegrative assignments

given in the mastery section. Below are some approximations that relate university

courses and terms to such full tiLie effort.

a) A 3 credit course per semester is approximately equivalent to 4 weeks at full-

time (or one month)

b) A 2 bemester course equals 2 months.

c) A 4 credit course equals 5 1/2 weeks or 1 1/3 months.

d) A mini course at G.S4E.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 Summaries

Level: introductory - 1

intermediate - 2

advanced - 3

Mastery: Level 1 (Pass)

Level 2 (C)

Level 3 (B)

Level 4 (A)

Motive: I - lowest

9 - hishest

COAL: Area-part/Level, Mastery-Range, Motiv-range, Time-Range,

6-7, wc.As.

Or

(You may wiAl to t, at r.:, ,: f to koep rvfvEvne1



CMTENT noall r::coDT!:c. INST!TCTIONS

0. Introduction

Appendix B

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

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

particular, we ass.me 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

content structure modules. Checking each number and subsection of the encoding form

with these instructions should facilitate 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 imply that this 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 guide is

self-explanatory.
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1. Molule NAY.E:

a. An identifying name

Choose a very simple name in natural language format to describe

this module. ( .g., Wilde's introductory OR book, "The Brain"

film, Samuelson's economics book.)

b. Abstract

In a few sentences, give a brief description of the module.

c. Condense the abstract above one single, terse sentence.

d. Area-part of GOAL

Translate,the above sentence into an area-part of a goal (in

GOAL language). Review GOAL in the "Description of Your Task"

document if necessaiy. Do not include a specification on

Level; that will be treated separately.

e. Semantics

For each word (w) used in (d) above, give three lists. The-

first list (A1) 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 ehe category that contains w.

The decision of Al is based on the use of w in (c), and hence,

in turn on the content and context of the module being encoded.

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

svnor.: Tr.

w, ,ory ait w.

Finafly Aj cat,

that ,!r .0 or .r iro .1,riv1%.!,. fr.- w.

It L 11: 4,
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Tend to limit the number of entries of each to avro:Amately three or the

totalwallmembt,rsocalltheA:,) to nine. This rule is not fixed.

If necessary, re-arrange space (s) to fit large lists, by boxing in rore lines

where 'need(?.. If more space is nedtd 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 is true

for the subgoal list on the second page.

For example, if operations-research had appeared in section (3), then section (e)

might have:

Anplied-math
=

LManagement-science

= Operations-Research.- A2 = Quantitative-methods

A3

/Dynamic-programming

Linear-programming

Nonlinear-prcmramming

/ Simula.on

Probability

Statistics

(Queuing-theory

Control-theory

Note the use of the hypi.on. This 4.s to emnhasize that such word pairs as

"en,er.Atiort: rest arch" .1nd "cor:Itx vari.foles" -:vaily to be considered sin;:l

terms. The composite word (e.g., co,lex-v:Iri:f.,los) constitutes a singe tem

for vory ;-rntral words nhiloso;)h>), there ray be no

logical up-,c :n been easy:, tau. word iLsif is the only member

of the Al For c%-- al., the A
t

:or "mma:vntntleivncu" contains only Ch.

term "Lt..nz.,_0.7......nt sciLncL'; AI set for ....iloso04' contains only the word

"philoboph).



2. Level

8-4

Choose whether this module is to be considered an introductory, inter-

mediate, er advanced one. Your choice will depend on your purpose in

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

same module :nay he encoded introductdy or intermediate depending

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

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

you may specify a range.

3. Time
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 range. 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..

4. 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.

5. 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 scriovs studtxnt), one choose the range 8-9. A very simple

ti popularization" may be =ore suited to stu2cnts with little seriousness

of purpo-io (i.e., 1-3). Yaterial may h npnrorriato Cr o emtremely brood

(e.g.', 111-4" or



6. Access
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Check the box that indicates how one may get the module for use. If the

box "other" is checked, :Ova a message in quotes that explains how one

can access the material.

7. Citation

a. Formal description

A Hformal.(bikliographic-like) citation of the module is required.3

b. Evaluation

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
. )

will directly affect the choice here.

8. Prerequisites

a. Education level nc:.:Isd

Choose the nm.lser comsrenel:ng-to the highest lvel needed

before one can "bnujle" this module. This is often an estimate

of "sophistication" netda.

b. Prerequisites needed

Give a complete GOAL statement that describes the prerequisites.

This goal descrihod 0 the one that the student nee' 0s to fulfill

to be al.lo to acc,,rt :iis module. Mvro may be svvoral .43als

n:cesslr::: liAt each scraratolv. If ono 4oal ohvi.,u!-1v and

noco-1-:ar.i17 7,...z.c.:... .1-..:1:,,r, 1-...%o ..,.1 .::.:- y: t., lizt i t firs:.

'Ibis is not a rwquirement.
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Note that you ate to estimate the suggested 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 tot-1 time alloted for this module 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.

Yov may use a range for each parameter, and hence, can include and

exclude whatever you wish.

c. Aptitudes

If any of the standard tests listed are pertinent, give the

minimum scores needed or expected in the respective boxes. If

another test is required, give its name and minimum score in

the extra space, as provided (in quotes).

d. Attitudes

If any particular attitudes are required'for the module, either

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

e. Other

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

be enco,!0:. ahove. 11,ossaw. 're returned to t.le user as.

an inquir.:: a osn..1 ros:..,11se f will doi., whts:,or

he roots the eonJitiou. A "no" will cause the ro.htle to 1142

ro.J.,,cc,:. as uu.,:itt.t!Ae.



9. Mastery

a.

'B-7

ThLre aro four mastery levels, analgous to a student demon-

strating co?etonce in sec course with either a grade of "pass"

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

or a grade of "A" (level.4). 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 this level indicated (or range specified).
C.

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.



Moc:ule Number I

(plus your
name

Module hnconlng tom B-8

Content Modules

I. Module NAME

a. Identifying Name

b. Abstract:

This module is.the same as

module
in sections

c. In natural language:

(a sentence)

d. Given in terms of the
AREA-part of the GOAL
language:

e. Semantics:

wl : A it
1

W
2

= Al

flimm..111411wmr

A
3

ST

A
2
-= A

3
m

Chcc'x here if other words

ou hack r---
L._
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(a number or range where introductory = 1, intermediate = 2,
advanced = 3)

3. TIME (for completion):

minimum maximum

4. MEDIA (in which module is encoded):

I -I
Ras 1 course 1 film audio 1 video-tape 1 computer t Journal t seminar 'consultation I

other:

5. MOTIVE:

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

6. ACCESS:

other:

7. CITATION:

a. Formal description of material:

ISIMMIMINIMIliMOMMENIMMOo

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



8. PREREQUISITES:

1.

2.

3.

4.

5.

6.

a. Educational level
needed for module

b. PREREQUISITE LIST:

Area/Level

B-10

high school
0

college
1121314

graduate

516171819

r
0.011.0011mimm.4wel,.

7.

Mastery Motive
(range 1-4) (range 1-9)

Time
range

check here if other prerequisites El
are on the back MD



c. ATS1514911.

GRE SAT IQ ATGSB

d. Attitudes:

Vb.

B-11

OTHER:

WOM10......NOMMORMIMION.101041./

e. Other (any material of important nature allowed, to be answered "yes" or

"no" by the student):

9. MASTERY

a. Mastery Level

b. Mastery Tests

( a number or range between 1 and 4)

11411=01.



STRUCTM: mo:TLE E:xeDnn MSITUCTIMS

O. .introduction

Appendix C

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

that 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, understand the

purpose of the subgoal lists in structure modules as well as the distinction between

structure,anc!lcontent modules, and are familiar with the intent of the mastery sec-

tion (giving integrative information when necessary as well as testing procedures).

Checking each number and subsection of the encoding form with these instructions

should facilitate 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

Imply that this 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. l'e rest of the guide is self-explanatory.
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1. Nodule Name

a. Choose any convenient simple name, in natural language, for

referring to this module. (This may be the same as part (b)

or (c)).

b. In 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 that this module is to satisfy in terms of the

area-part of the GOAL language. Again, this could be the

same es part (a) of (b).

d. Semantics

For each word, or hyphenated terms (w) used in (c) above,

give three lists. The first list (A
1
) 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 the category

that contains w. The decision of Al 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 A2. This contains all words equivalent to or

synonomous with w. It is'those words on an equal footing with

w, the same category as w.

Finally encode A3 which are those words (i.e., categories)

that are su.,:tars of or fzIlzw frx: or are derivable :roe : :. w.

5-fIt is 0.e Z.e:-ory(s) just below tIto rerrogon:ed by w.

Tend to t!le no-ber entri,s of cach to app1'oxi7.atel

chreeorthetetal(of allmembersaallth".'s) to nine.

This mlo is rot ft%cd.

r



If tittv,.:::,ry, re-arrAns:e !..)neo (0 to fit Iar;,e 11::t1;, by boxing in saore lines C-3

where needed. If more spnee is needvd for other words, unc the back of the first

Th.rc is bo*: to v% on if you do thi!:. The samo is trot

for the subgoal list on the second

For exanole, if operatienc-re:;earch had appeared in section C.3), then section (d)

might have:

Aollied--ath
)

IManate7ent.science

= Opera ti on? P.es,,nrch = Quant itat ive-metbods

Dynamic-nrer.ro.--n-;no

Linear-prorramminct

Nonlinear-?roarammino

/ Simulation

Probability

Statistics

Queuing-theery

Note the use of the hyphen. This is to emphasize that such wore pairs as

"operations research" and "complex varia'oles" are really to be considered single

terz.s. The cc....:;o:4ite word (e.g., co;I:len-varinbles) constitutes a sir:::c term '..:.

For vv.:). :everol word:: there va... Ile no

nei :n L; the

of th A : .H:tt for "!.. rt tl4r,conce o.y L.

ive;.1 .ni .
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2. ChooSe whether this module is to be considered an introductory, inter-

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 introductory or intermediate depending on

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

introductory = 1, intermediate = 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. One.is lowest

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

serious student, one might choose the range 8-9. A very simple approach

may be more suited to students. ith 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", "1-1", "5-5").

4. Subgoal List

Give the various subgoals whose accomplishment will satisfy the goal

of this module. Note that you are to estimate the suggested 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 above. By specifying

ranges rather than exact times you will eliminate the need for constant

chockinz of th. coLal or potty nu:-.1,ur-joling. Also Clore ..ay be

some correlation between the motive of the module itself anJ the kinds

of mrives to be. L%eetd in cho"purs:uit of Clo 01

chore b.: no rt.1..ti:n:, oxe:,tionA, tte. no ff.::%.,! yule invol..J.



You may use a ?:o.0 for each parameter, and hence, can include and C-5

exclude whatever you wish. If some subgoals would best be started after the

completion of other su:)gonls, put these dependent subgoals after the more

"preliminary" ones. When estimating time for completion of some module,

assume the student is working full-time e..,:clusively on that module. It

is his only cask to be pursued throughout the whole work-day.

The estimate of the time to complete a module includes the time needed

to do any integrative assignments given in the mastery section. To convert

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

the following guide:

i. 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

S. Prerequisites

a. Education level needed

Choose the number corresponding to the highest level needed

before one can "handle" this module. This is often an estimate

of "sophistication" needed.

b. Aptitudes

. If any of the standard tests listed are pertinent, give the

minimum scores needed or expected in the respective boxes. If

another, test is required, give its name and minimum score in

the extra s..,.1ce, es provid,:d (in quotee). you -ry use values

or percentiles.

C. At' 's

If n particular 4itit.:.1,s ark rk.quired for t!te

tv.;t vnv li-tted or a ..'teat..! e-:
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d. Other

Give (in quotes) any prerequisite that must be met that could not

be encoded 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

re!ected as unsuitable.

6. Mastery

a.

b.

c.

There are four mastery levels, analogous to a student demonstrating

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 "A"

(level 4). 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.

Give suitable educationa.. 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 needed

or is already achieved in the accomplishment of the subgoals, you may

omit this section. If an entry is made in this section, it will be

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

to clear, co-.1 te, and give eonciso rofer:nces whore necessary. This

is the only inforlatioa the student will have.

Based on part (1) above as well as the subgoals them elves, sneciCy

evaluaLLea kn. tbtinz proeL2ures that t:oald adequately re:let a com-

petence at the 4...:: ;ter, lov4..1 ri,eciCied. This porLien reo

c.` .c.., , Tito evaltt.:te r 1.;#.4.ory of the

rath.r jwIt thm6;i1 th,re are tiL..vb wata tail;

be equivalent.



Number
fLus your

name

L

Module Encoding Form:
'Structure Modules

This module is the
same as module

in, sections
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I. Nodule NA.t

a. Identifying Name:

b. In natural language, give the goal of the module:

(a sentence)

c. Give goal in terms of the
AREA part of the GOAL

language:

11111

d. Semantics:

*72 ----I Ai '

A2 u.

Nowilry1.1111MNIMIM

neck here if other words

er.2 on back

=1.110.......

411iIIMMIMMINMEMIwe

MOO

MOO*

MIM1111%.

AM.
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2. LEVELq j (a number or range where introductory 1, intermediate is 2,
advanced = 3)

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

I

to
I I

(range 11,91

4. SUBGOAL LIST:

1.

2.

3.

4.

5.

6.

7.

Area/Level

111011411.

01
1111110D.N.

Mastery Motive Time
(range) (range) (range)

101111

Check here if othe; subgoels are on back
_



GLNERAL PREtalUTSITES:

a. Ceneral educational level needed: high school
0

b. Aptitudes:

c. Attitudes:

ATGSB Other:

C-9

-J

1121314 5.0j7180

d. Other (any material of important nature allowed, to be answered "yes" or "no"

by the student):

6. Mastery

a. Mastery Level
I

b. Mastery Assignment

(a number or range between 1 and 4)

c. Mastery Tests.
.

ro


