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engineering process. Characteristics of the ideal knowledge
acquisition engineer are compared to those of the ideal instructional
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DILLS AND ROMISZOWSKI

INTRODUCTION

This paper is intended to provide the instructional

-.technologist already possessing some understanding of expert R

systems with some insight into two of the many steps involved in
the design and production of such systems: KNOWLEDGE ACQUISITION
and KNOWLEDGE STRUCTURING (also known as KNOWLEDGE
REPRESENTATION). It is also intended to help technologists to
see how they might fit themselves into the knowledge engineering
(expert systems building) paradigm.

We will begin by examining a generalized model for ihe
design and production of an expert system. We will then look in
more detail at the first two steps in this model, knowledge
acquisition and knowledge representation (structuring). The
relationship between the instructional development process ano
the knowledge engineering process will be emphasized. Finally,
characteristics of the ideal knowledge acquisition engineer will
be compared to those of the ideal instructional developer. #we
will show that the two processes are very similar, and that a
cross-fertilization of both ideas, techniques and peopie beiLween
the two fields will prove both possible and profitable.

THE MODEL

The expert systems design and production modei of ruterestc
to us is shown in Figure 1 (adapted from Martin and Oxman, 1988).
As this figure shows, the first task involved in designing an
expert system is to select an appropriate problem to solve. This
is possibly the hardest of his tasks for the knowledge enginecr
to accomplish properly . A great many of the jobs we perform
every day as instructional technologists are currently unsuitenie
for expert system development. For example, any task which is
based upon hard-to-define knowledge, common semnse, or intut:.:on
is unsuitable. So is any task in which it is uintclear whether.
when completed, the potential user would ever in fact use the
expert system. Many other characteristics must be met by the
ideal task if it is to be suitable (cf.,Martin and Oxman,
1988,p.130).
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Once a problem has been selected, the next step is to
obtain the data-base or set of knowledge that is the prcecperty of
an expert working with this problem. There are several aspects
to this step, and these will be discussed later in the paper. 1t
is sufficient here to note that this step is probably the most-
time consuming and expensive step in the design and production
process. It involves locating a suitable expert (called
subject-matter expert, or SME, in instructio.al developmeunt, and

a domain expert in knowledge engineering), eliciting from the = __ .

expert the required knowledge, understandings, judgmental
procedures and hunches, writing this knowledge in a logical and
explicit form, and verifying the correctness of this wrriten
structure with the ezpert (Texas Instruments Teleconference on
Expert Systems, 1987).

The third step of interest to us is %that ot knowledge
structuring, or knowledge representation. This task invclves
converting the acquired and verified knowledge into a structure
the computer can use and which is best designed to eunable the
user to employ the resulting computerized system. This step,
also, is composed of several parts. The knowledge must be
structured in such a way that the original relationships among
facts, descriptions, procedures and probability spaces are
maintained. It must also be structured in such a way that it can
be used by the inference engine (that part of the expert system
that makes decisions, inferences, and conducts other treasoning
exercises). It must be structured in such a way that the factual
aspects of the knowledge structure can be stored in a data base,
and in such a way that efficient and convenient search and
retrieval strategies can keep the inference engine suppliea witl
whatever data it needs in order to function properly aud rapi«ily:
and it must be structured in such a way that a user interface can
be constructed to the expert system enabling the user ito easj'y
ask answerable questions based upon the acquired expert

knowledge. Many structuring schemes have been developen. anc
which one is best to use for any given problem is a factor or tue
knowledge domain, the type of questions to be asked ny uhe user,

the structure of the inference engine, and the expert lznguege -r
shell to be used. The resemblance of this process to
instructional design, media selection and other

knowledge representation aspects to the instructional design
process will be discussed later in this paper ( Martin and Oxman,
1988; Waterman, 1986; Benchimol, Levine and Pomerol, 13%87; and
Taylor, 1988).
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The rest of the design and production process for expert
systems is much more closely related to the computer programnin
profession than to the instructional development protession, and
s0 in Figure 1 all steps subsequent to knowledge representation
- have been lumped into one, prototyping, with one exception:
prototype testing. Prototype testing is another step in the
process that should sound familiar to the instructional
developer. It is evaluation, including summative, formative arvd
- process, and both obtrusive and non-obtrusive, both normative =2na
criterion-referenced, all thrown into a single pot and stirred
well. Again, we will discuss this below.

One other area in which the instructional developer aud the
designer of expert systems can help each other is in the design
and testing of the user interface. The user interface is thaot
part of the computer system that includes the displays shown te
the user, determines what inputs and other responses fhe use- 13
allowed to make, and what responses the computer systiem can
return to the user. In the case of expert systems, as with good
CBI systems, the user interface also includes (and is based upon)
a model of the user. In the case of the esvpert system, tuis
model may be an intelligent system in itself (Systems Group., The
Open University, 1987). A special language interface. kpown s o
natural or quasi-natural language, may be employed, anu Lhic is
in itself a kind of artificial intelligence system (Martin and
Oxman, 1988, p.226).

This, then, is the general model cof how an expert system is
designed and produced. It is an overview, and much ol importance
has been omitted. But it should be sufficient to show those areas
in which instructional developers can prlay a part. basea uwen o
similarity between what they normally do and what musi be done to
produce an expert system. Let us now examine some ol tiwve
similarities in more detail, beginning with the probiem seiectron
step.
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PROBLEM SELECTION FCR EXPERT SYSTEM DEVELOPMENY

The selection of an appropriate problem for use in desigwvay
an expert system is extremely crucial to project success.
Bowever, this is not easily accomplished. Four issues arc
involved: identification of the task to be accomplished,
identification of the pecple involved in producing the sy: em.
identification of the firal objectives and users, and
identification of both reguired and available resources
(Renchimol, Levine and Fomeral, 1987, p. 162).

Usually a general type of problem is easily selacted, i
terms of either iits research value or in terms of 1ts practical

value within the organization proposing the project. rfui vnl:
problem must be narrowed and defined, and it must be understooud
how the project based upon the problem might proceed., o 5 ocuiomw

to be solved must be examined in detail in order to produce a
high-level design for the exper*t system that 1s going Lo salve
the problem. The refining of the task and the detinitioun ~f <he
expert system in terms of that task must often occur withan o
vacuum of knowledge about either the probiem or the resniting
system. This is analogous to the si uation often fraced inv
instructional development, in which the front-end, joh or Lask
analysis which, eventually, will lead to some instruction or .
simulator design, must be performed before the device being
simulated is yet built. Often, for example within the military
procurement system, the simulator and training system must pe
designed long before the weapon system it supports hes even boe
prototyped, so that the two systems, weapons and training, will
reach completion at the same time. The selection of a problem
for an expert system project and the conceptualization ot its
solution cften occur within a similar atmosphere.

One area of critical importance is the selection oy tpeo
expert. An expert must be available to provide the knowledage
upon which the expert system is to be based, or no exper: =zytiom

can be produced. The first aspect of this problem 1 o
determine the level of expertise needed. Not all (in tact, not
most) expert systems are intended to function on the feading cnge

of a field, performing state- of-the-art work. Most are intended
to aid or replace workers having a low to moderate leveil of
expertise, or to help entry-level workers. Some are intended ic
perform routine aspects of a complicated multi- step procedure,
or to relieve experts of routine aspects of their work. a
state-of-the-art level of expertise is not needed for wpry oo
of task. More expertise is needed on the part of ihe ecxpouvt than

w
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is intended to be incorporated into the program, buc a

world-renown expert is not needed to provide the kuovuirdao
for advising an entry-level clerk. Further, on those vrojecty
which top-level expertise is needed, some of the demand fo- vhn

expert's time can be relieved by providing a lower-level «wpeor:
for use during the initial efforts. Thus, the detcrmwinzc--n
the type and level of expertise needed is very important. ine
seems to be no model or theory of how to do this ar iiv rrenaer

time. Some work is being done on defining the nature oi - ...

expertise and of the expert (Hart, 1986). Most in=fruc on
development projects involve the identiticatiocn of the
subject-matter expertise needed, both in terms of guant-. v 2o o

level of expertise represented, as a part of the original proiect

plan. A theoretical foundation for doing this within tne
instructional development world has also not been deveioped, bub
most instructional developers do this intuitively fairly weli.
it should prove to be a fruitful area of theory building for
instructional developers.

The users of the system must be idenlified al thig sleow,
and again, instructional developers have a lorg histcr
dealing with this problem, both successfully and unsuccessiuiiy.
as also have evaluation specialists. Who are Lhe real ciiou-
for the products resulting from a project, and are they e e
people who are the clients for the developmenl proceur.: e -
the same people who are paying for the project? Atre they
represented in the design process? Can the projeciL sucooo-
they are ignored? Here, again, is an area in which boih
instructional development and knowledge engineering can b
through the explication of the processes normally used in iLhe
instructional development and evaluation fields.

Instructional develovers are familiar with the process of
resource identification as a part of the initial plann:ng ph=
of a project, and the same is true of the knowledge engiunnering
project. Before the problem is finally settled upon, 11 muor -
clearly understood what resources are going to be needed, and
from where they are to come. Standard resource allocat:on and
project scheduling techniques are applicable here, put e
preculiarities of the expert system development prococo me:
kept in mind during their application (Benchimol, Levinec anw
Pomeral, p. 164). More published case studies or ihis proace oo
expert system developmeni projects are needed, espcci - liy u

detail great enough to show how standard processes 2 ho
applied, and how they must be modified in order to seivr '-.o
expert systems project.

8  BESTCOPY AVAILABLE
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KNOWLEDGE ELTCITATION: HUMAN RELATIONS ASPRT ™S

Knowledge elicitation and knowledge structurirc oo - -

representation are often considered to be one task by wrivoes ou
expert systems from the computer world. One reason {ov thi: 1
that they are often performed by the same people, and =auotncer ¢

that they are usually performed simultaneocusly. A itnlrd reouon. o
suspect, is that the typical knowledge engineer knows {uar more
about knowledge representation than about knowledoa elreotaton

at least in a formal or structured sense.

One characteristic shared in common between the

instructional developer and the knowledge cuyineer is ihe aeed in
conserve the expert's time during knowledge elicitation. e
least amount of time the knowledge engineer requires of tLheo
expert, the cheaper the project cost will be and 1ne taster thn

project will be completed (Martin and Oxman, 1988, p.434).
However, very little knowledge exists concerning how to aes o
the time required of the expert. The knowledge engineet spouid
become generally familiar with the field before approschine v
expert, through the reading cf text books and olher materialcs
relating to the project. BAnd he rust be a good iisienec guioe
thinker, and a rapid learner. These are also requirements jor
the good instructional develover. However, these are minimat
requirements for optimization of the expert's lLime. Much more
work needs to be performed concerning making optimal usaasr of 1he
expert’'s time.

The knowledge elicitor must also maintain the expert’

interest in the project, make sure he understands thoe reee e o
to play, make sure he understands the level of knowledq: awairned
and make sure his good will towards the projecct and @ owroe o
knowledge elicitor is maintained. If a failure 1n aay or rancse
things occurs, an accurate diagnosis of the prokliem 1:: oty oo
necessary if the damage is to be repaired. Agaip, wilthin wue

realm of knowledge engineering these aspects of knowuicdoe
elicitation have not been formalized in any theory, and are
usually dismissed after a short discussion summarizing fhrevy
importance to project success and then dismissing them by i 0
that they call for the knowledge engineer to exhibit g
communications and personal relations skills. While trao 7o
certainly true, it is not enough to be of any speciiirc nerp an
conducting a specific project.

Rl
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Several lines of research conducted in instrucisorai
development can be of use in dealing with these problom- s
should be extended {both within the instructiounal developmeni

“field and as applied to the expert system developneat p-coes:s ..

Research on client~consultant interactions, initial .wectingc.
appropriate models, and reole changes at differeni polnuvs «n Fro
consulting process, have been conducted, and some efiorts have

been devoted to teaching students to apply the finavnues op coes o
research (Butt, 1984; Price, 1984; Coscarelli and bronduwsser,
1984). Further, preliminary work by Gentry and Tramiy 0 5o

formal analysis of communication interfaces tor instyv-ot.-oea
development projects (Gentry and Trimbly, 1884) oerts.opiy hes
applicability here. Work in describing ana prescriuvsng o

consultant relationship has also been conducted i .0 r P
such as medicine and personnel psychology (i.e.. Gohveon  FH02
Schein, 1978; and Tilles, 1961). And the milii.cry hauw oo .

been sponsoring research concerned with the study of eficcuiiwve
ways in which to utilize SMEs within the instruclhional
development process. Again, these studies need Lo be (oijewed
up, and ways in which the knowledge elicitation process o
similar to and different from the models researched in the o ~d
studies needs to be explicated. The methudolugliesr §-vv e
and applying this research are already to be found in the
instructional development literature.

KNOWLEDGE ELICITATION: METHODOLOGIES

The most commonly-discussed aspect of knowledar eiter’
within the knowledge engineering literature is thait gealing @b
formal approaches to the elicitation of knowlied¢s rrom cue

expert. Robert Pearson (Pearson, 1988) provides a wood sammaty
of the most commonly-discussed methods. These are thie wlra o

interview, the use of probability estimation, macnine induct .-
and the Repertory Grid. Other methods discussed in i
literature include the use of historical records, chservation,
both obtrusive and non- obtrusive. thought experimonis. are
studies (Martin and Oxman, 1988, p.l175).

-

L0 BEST COPY AVAILABLE




DILLb AND R(]JISZ(]&I. 'I

The general methods descrlhnd in these gsources are (o (e
most part those methods the instructional designe: - = ,
familiar with and to some extent an expert in. Sowmn excoplion:
might be the Repertory Grid, machine induction, and rpr- oo 0
estimation. Pearson also discusses some aspects ol Lhe

structured interview that may not be familiar within
instructional development.

The Repertory Grid is a "tool used by psychoiogists to
represent a person's view of a problem in terms ot elements an-:
constructs”™ (Hart, 19886, p. 174). The agrid is a lwo-dimensaion.:
table of characteristics by cases. The characteristice ure
bipolar, such as strong and weak. The cases are rated on cacr
characteristic on a scale of 1 to 5. Instructioncs devedono,
have used such matrices in other contegts, such as wiih ihro
semantic differential, attitude measurement, and 10 oo

learning theory research, Once such a watriy haz beon aoeveio:
by the expert, it can be analyzed for patteru., cuirner thoeven
inspection or through more sophisticated meilhods, suce 2o doion
analysis, cluster analysis, or profile matching {(Pcar«worn  i9-.
Hart, 1986). Further, since the world view of onch expori e
likely to be different from that of any other experi, v 1o oovep

profitable to compare the grids of diftterent expertes.

Machine induction is a process in which the compurtoy
generates generalizations when given speciiic examplec (-...uu
training sets) as inputs. Special software, called infuc:
algorithms, has been developed to carry out this process. o
Pearson points cut (Pearson, 1988), the results ure cnty a0 o0
as the examples chosen for inclusion in the Lidininu set.

The development of a probabilistic knowledor 1opreuear o
is based upon the assumption that much of an expert’'s knowjone
is of a non-exact nature. Thus he is asked the decren o0
certainty he attaches to various of his decisinng 2ndd
recommendations. These are represented within the e
as weights atiached to other outpuls, and atiempt (o wom: o b
expert's judgements in these matters (Pearson. Jbar)

To use these methods ol knowledye eijcitation, the Powions

engineer clearly needs an in-depth understanding ncu ecooe o
particular technigue being used, but also of staticiice anu
mathematics in general. Typically instructional neveloe- s oo

evaluation experts do not have such an extensive backarocund 'n
quantitative science. However, through an appropriare

Q

ERC Li BEGTUOPY AVAILABLE




DILLS AND RG!ISZOWSKI

re-structuring of our current doctoral programs, they ~owi1 bo
provided with sucn a background. Not only would thre e v
for performing knowledge elicitation tasks ftor Lun deverngumeni o
expert systems, but would allow them to use {(hr ooy oo
engineering methods within more traditional- insLxuvtiuuul

devel opment prOJects. What is not clear here, v o

whether a greater increase in quantitative loundations ooy
would discourage many of our best lnSLfUCLlundJ Cirmarer s e
-students from entering our progra It may. be. LhdL”LuU“_, R
cognitive style and other personality elomenis Thuor oo o0 00

to a career in instructional development are opposed Lo (nco:
that would make one an expert in the mathewaliveot 0 - i :
knowledge engineering. One good way to settle this matier wou'c

be to conduct a comparative analysis of appropriatc poereoceii
and style elements between populations of instructional
developers and of knowledge engineers. In any cane. cepi 2oy

some instructional developers will be found who will tit tne
required mold for employing these methods.

KNOWLEDGE ELICITATION: OTHER ASPECNTC

In general, the problem of knowledge eliciiavo o
the knowledge engineer is more ditficult than that {.cwu o

typical instructional development project (alitnomucn o oo v
there are exceptions to ihis) (Dills, 1988). 'ihis stens !Proem oo
fact that the level and type of knowledge that ine wcwpers oo
must model is usually of a much more complez. mor< tundimes:

and a less well defined nature than is the knowjicooeo
represented by a CBI system or a textbook. A groester simut - v
exists between the two types of knowledge when the 07 o o
developer is attempting to mold the student's attituoes,

represent non-verbal behavior for the student to noael
teach in interacltive process through the shaping v behavior
during interactive practice sessions. It Jis5 in cevolapres o

knowledge base for these instructional activities that the
instructional developer experiences Lhe greatest dijvcearoy o
the standard methods for task analysis and content anajyus:iy nre
most likely to fail. And these lasks are similar o cuyer oo
knowledge engineer must face, especially 1in projecit~ in whioo
expert system is to exhibit a high level ot expoila:
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The expert system must not unly 1ncorporate 1acinnn
knowledge, but alsoc must represent procedures. connep ..
principles, and standards. But this is only the hegiunniug P
expert system must reason in such a way as (o mimicn e onoe:

along certain dimensions. It must somelimes make Juceanoan s wooen

are only probably true, just as the expert somebiren ooe s

must make them as the expert would, in the sense itnat tpr 1o
uses the same basis in data the expert wouid an: Cee
that the explanation '« the decision previded Lo ithe voor oo e
explanatory facility (see below) is one conmimtont vrii oo
acceptable to the expert. Finally, the judgements made Ly (o
expert system must have (at least) the same propoir-v 8 o
correct as the judgements made by the expert himseli.

Further, the expert system usually countainz i o.oieonc o o
facility. The Explanation Facility tells the usce, uvnnuiie uwoe
request, how a particular decision, recommendaticn ot oo
was reached by the expert system. This includes dispiay:ng
reascning pattern used, the data analyzed, and the ruics
utilized. Thus, the expert system must have huilt iato 2t ~ot
only sufficient knowledge to duplicate the expert’  one
(conclusions, recommendations) but must also be abie ¢ decar:in
the expert's thought processes and reasoning pat:r - -
Oxman, 1988, p.28).

There are projects in which only one expert o v
may be that the level of expertise required .z suc: @
expert in the field would do, or that littie ditf=ronc-
experts are unimportant at the level of the project. R
also, that only one expert is available to Lhe pro o I
only one expert exists at the level of expertise recu::=-
Normally, however, more than one, and in some cases vover !
experts are utiiized. Sometimes the experis are w=on
utilized, as a team. More often, they are used Lo 9Luw1«w
expertise about different aspects of the problem o e ne e

ali-

When they are utilized to different degreev, somet imes e g i

central, or main, expert, and the others are used toc v a
knowledge base of the main expert, or to suppiement it. uther
times, the main expert is used only after the otner cxpoe o e
laid an appropriate groundwork, thus conserving the wain cxper:
time. 1In some cases, unfortunately, Lhe main expor® 1o o
sometime after the project has begun, and uvther expercs wmunci be
utilized to replace him.
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In all of the multiple-expert situalions iisted above, v

knowledge elicitation problem is complicated by ths spear i
problems involved in reconciling and validating the cxpetis with
one another. The communications and human relations probyoemns
become much more complicated because of the increased numper it
people involved and the greater chance for emotional proa:ews &0
develop. One of the best meihods currentiy used in ~uch
situations, by the way, is the Repertory Grid, crpecialiy

coupled with various of the structured interview techniques.

The knowledge base in the philosophy of science, i
psychology of the human world-view, and the nature of the
scientific method that many instructional developers and
evaluation experts possess, is typically not ftound -nonv
professional knowledge engineers. The instructaca-. oo
can make use of this knowledge in trying ro establiah oo
reasoning patterns and paradigmatic aspecis or the evivo
understanding. This should enable the insiructicnai duwvcier -
more quickly model the more fundamental aspects of tre voeor
than would someone lacking this background (see, for exawmp:e,
Davies, 1984: Stahl, 1984). The use of a melhodoloyy Lo oo
generation of methodologies, such as that deveiopeo by Hutropon o
and his associates (Hutchinson, 1984) for lhe puteose o
formalizing the use of this Luundalional knowledoe in rhe
development of new methods for eliciting the deep =tv:iuct
the expert's world-view concerning the probiem ai hand shouid
prove fruitful not only to know. edge engineering and
instructional development, but also to cognitive psychoioyy and
the philosophy of science.

Software for use in knowledge acquisition is beindg
developed. One type of software, just beginnira o e i
is the Knowledge Acgquisition Facility. This is a pact o oo
software that carries on a dialogue with th~ ounpeod P
knowledge and procedures from him, and directly insertins »hon
into the data base. Such a system may be specio® !l oo
the system being constructed, or may operate through foe oo
interface. The same system may be utilized later {to ugt
expand the expert system as new knowledge 1s arguirod Aped ojo
knowledge becomes outdated (Martin and Oxman, iL&=c:.

A second type of software of use to thoe know: g
elicitation process that tracks pieces of kpowio oo voengres
computer system and other developmental proces‘ NG ooas wed o, v
identifies inconsistencies within the databa:x: N N Iy
redundancies. One such system, called TRACE, 1is currentti urdor

development at IntelliSys, an expert systenm developmert  cowe ey

12
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New methods for eliciting knowledge are baudly feedet witnryg
knowledge engineering. Current methods are time coroomipe
costly, and are not guaranteed to properly elicit tne needed
knowledge without the intuitive intervention ci on cwpors- oo

knowledge elicitor. As in instructional development (i} ::
Bass, 1984), much of the knowledge elicitation :funcving
knowledge engineering is currently an art form, noit a rcoovo:oos
and so cannot be automated. Perhaps this wili always o "ho
case, but at least it should be possible to deveiop better

“techniques to use when performing the art.  Insiruction:i

developers are in a good position to develop some of ifhers. oo
would certainly benefit in turn from any such now v .
might be developed.

KNOWLEDGE REPRESENTATION

Knowledge in an experl system is structucea. oo arranc
in two parts, which are built and stored separately vevdd
are designed to interact with each othe: Oue part - oo
inference engine, and contains the knowledge concerned woty
to reason. The other part is called the knowleadue oo
contains the facts, rules and other types of kunowiedg: u e by
the inference engine in reasoning.

The knowledge engineer must decide whal siruciuze to use v
arranging and organizing this information so thuo:
accessed and utilized by the computer, and ultimare
user, in the most efficient and effective manner. \
must be answered. The first is how the inierence Pnglne sy o
function. The second is how the knowledge is to b vrg o
within the knowledge base.

L B

Both of these gquestions must be answered u Looo s o0 o
logic of the field in question, and also 1n terms of oo g
structures available within the compuler.

Several structures for represeniing kunowicdg: <o - 0o

knowledge base have been develouped, and are usuzlly deccrriee
terms of how various aspects of the expert’'s wnculerscr e
each other. Special languages have been developrd Lo syweo o
the implementation of these structures, and there oo dawe-w it

be used in any significantly large project. They reauce iae

13
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cost for constructing the expert system, but ithey i
own restrictions and limitations to the resulting iy -
Therefore, one decision that must ke made is whiclh itorverroge oo
be used to structure the knowledge. This decisicn mus

simul taneously with the decision concerning which rtougren:
structure to use in representing the knowlcuovc .

1985, Chapters 3, 7 and 8; Martin and Oxman, 1v8&.:.

The instructional developer is not iikeiy te e
with the ways in which knowledge can be structurca w: '
knowledge base. However, he does perform tasks o o oo
functionally similar. He structures the flow of infaormery..
within lesson designs when producing CBI. 75 i mregn—oe

the CBI lesson, he structures the knowledge even more careor: v

In doing this, he undoubtedly tries to dquovnr Ayl e
natural structure to the sub ject matter heing taugnu,
this structure in designing his lessons. He also oy
structure the information according to design heuwrrstice e
according to what is known concerning Lhe psvcholooy o o0

In designing a CBI or textbook page, he attempts to mawe oo oo

the research on text design, and is thereiuvre app.y.oa oreee
logical structure to the information. In doing tueus Liiago
instructional developer is restricied py the Ch: aurncoi
language, thc subject-matter structure, and the needs and
abilities of the user, much as is the knowjedge ruyrncer.

Four knowledge representation schemes dominzie the inooe
engineering field, and the instructional developer =it oo

familiar with these if he is to work with expert syuiew Tioee e

are rules, frames, semantic networks and fivst-uvider log.

Others are being developed, and eventually may suppiazn: e 2o

One should be aware of these new deveiopments, bul wre e ]
almost all work is performed using one or more oif iiewe foo
methods (Martin and Oxman, 1988).

Rules are the most commonly-used form. Knowledye 1g
represented as a series of logical IF-THEN statemeni:, and tno
inference engine calls these rules in a sequence aeterminoed by
the subject matter, determines if the 17 statemeni has he-n

fulfilled, and if so, carries out the THEN statemeni. The TH®N

statement may be to take an action outside Lhe comp: - = .
print out a decision, or to change an internal variaple. cooi
establish the numerical value of a variable in ar .- oo
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Firames and cemantic networks are similar, ana waun onr o
upon groupings. Semantic networks consist of & cerie o
connected by lines. When drawn, a diadgram represent.or-o
semantic network looks much like a flow chart ic: -
instructional development project, or a PERT chart. o oo
represent concepts, and the connecling lines ropra. o
relationships. There is a'hierarchial relationsing ame sy
concepts, such that concepts lower in the diagr.om :

'
orvess . -
roas .

characteristics of concepts higher- in the struvcture. i o0
of umbrella arrangement exists. If "ship" is a hyo—--ro

concept, and it is a characteristic definea inro the sworon o
"ships" have "hulls"”, then, if "aircraft carrie:” - o
lower-level concept, and is connected to the cuncepl Tofinp by
the "is-one" relationship, the inference engine wiii
automatically infer that "aircraft carriers” huwve Thoui o
(Waterman, 1986).

Frames are similar to semantic networks. TIiL the noedon arre
considered frames, then the frames indicatc relacv. onn ey oeiner
frames. Each frame is a container, aud the lines in lLhe diaaram
connect the frames, and indicate frame-to-f{rame relat:or: o
The frame itself can be considered a concept. The dedigner oen
puts facts, procedures, concepl names, desigrn nloveei e A
name of the expert who uses the concept) into the itrame. 7Toos
information is stored in slots. Each frame has a2 corr 2 oo
of slots, or pigeonholes, and each piece of rnformeiran i one
or more slots.

Thus each frame is a cluster of telated itacie, o e
cluster itself relates the facts tu other ciust. - Ceee e
may or may not have an umbrella relationship ag desc:aibed "o
for semantic nets (Benchimol, Levine and Pomeroj . iso.:

Declarative knowledge can be represented by var:rcau tyaea o
logical structures. Commonly used are propositicnai o e
predicate calculus, and first-order predicate caloulus.
Statements such as "Lassie is a dog"” and "Ii Lawnsyor 0 2 oo
then Lassie is a mammal" would result in the inlercpoe e
deciding that "Lassie is a mammal” in these syutoms. -0
concerning these types c¢f representations can be jeancost 1o
Martin and Oxman, chapter 10, or Benchimol, Leviue o oo
chapters 3,4 and 5.
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Agaln, most 1nstruct*0na1 dcveloper% do not nave o oo
background in symbolic logic, and so will have trowiie .o .
schemes. However, this situation could easily he vemofie: oo
short course in the instructional development deparimes s o+
summey institute if enough developers wanted to wotk with ovrveo
systems. And these schemes are easily learned. su anverop o
learn them on their own. If one is to serve as a tront-—omg
expert on an expert system project, one must booome foang oo

One of the areas in which developers —aq e oo o
system field is to develop ways in which tne internal aifiva oo
of a field can be easily and quickly detlepwined, .0 oo
information can be used in determining how the know!iaedos
represented. BAgain, the structure of the tield can pron -
always be deduced from information conce rning the paoe
and other world-view features of the expert's kncw:cage
structure. As argqued earlier, a formaelived meblind Yo
determining the paradigm of the expert and of traoci .
into a knowledge structure could be deveioped, ang wobio o
useful. Further, most knowledge engineers have na bac: o
this area, and many evaluators and instructionas el

[RTS TR

The structure of the inference engine must a1 i+
determined, and several structures (in this cese. procoduare

reaching a decision) are in common use. Offen a resny-mar:s
inference engine is purchased, rather than custom-madae. bo
again, its workings must be understood 17 an approburi e e
is to be made. Some of the most common interence sicfienee oo

(Martin and Oxman, 1988, p.64):

-backward chaining -ptubhlem reauct ton
~-forward chaining —pattern mifcnina
-breadth-first search ~unitiocairon
~depth-first search ~rvent-driver oo
-heuristic search —tiierarchitoaay ot
These methods of inference will not he degr-irhed per- 70
they are fully discussed in the references. Bui the
instructional developer must be familiar wibln oat or oie

that the proper inference technique can be matcheo
at hand, and the knowledge base can be represenico

properly fit the inference engine. The knowledge o} - -
be familiar with the ways of building an i1niere; o onio
knowledge base, since the way the knowledge is =ltriucioes

used must be decided as the knowledge is being anyo i

i6
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Typically an expert system is being prototyped as rhe koowge o
structure is being developed, and early doeacisiang are bhoeoh
necessary and critical to future expansions. Thus, e
instructional developer, if he is to utilize niu krowioaugr
front-end analysis in knowledge acguisition for experl =ys.oms
development, must become knowledyeable concerning ncw :
knowledge is to be structured and utilized by the compuicy
system.

Thus the instructional developer s reguited Yo deveinp
knowledge of inference engines and knowledge represeont.a: ..
schemes, and this requires that he develop a P“b#]“nw: G e
and of various inference schemes. Tt does not reoqwr o
become a computer programmer Or a systems enginaer. R
require that he become familiar with the languages (v o
in expert system work, but on a conceptual level. Lir e
projects, the programming will be periormed by = soeoes o -
the developer must communicate with this speciaiso e :
know the restrictions and advantages piaced upon v
language being used.

TESTING

Not only must the resulting compuier programs ko oo _
the resulting knowledge structure and interence pauinrns wurd
also be tested. Further, the usefulness ot the reauibing prodn
to users,and the need for updated knowledge, must be cvainated
These things must not only happen when the system has boor
prototyped, but at each step in its evolution, and perzodocigt,
after it has been completed and turned over {to the oaor oo
is clear that instructional developers pouscesgs experiiss ~f or
value here, especially in designing and conducying usct
interviews, evaluating aging knowledge bases. anu verviv:. o
system-made decisions against the reai worid.
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Inst

two fields that are related to the design ot

of expert

' USER INTERFACES

rucitional developers possess knowiedg=s e oo
Ufiee geias
systems. The first concerns =cree: oaion

factors work. The design of the interface for the usar iy

what the user can ask the system, the type aud miucor yn wapoe

gives the
Instructi

" to the design of an interface for a CBV sysiem. one -
involves a great deal of screen and text design uonsidor 1
Further, the functional design of the interrface wi'i « ‘o

system data, and the type of reply he can ruoe o
onal developers already have standecd ways o

discovering the appropriate forms for such interactirons o

of the us

A s
contribut
of cognit

er's intentions.

econd area in which instructional deveiovpers ocan o

jon to the interface design is ULhrougi veoerc frow o

ive styles. It is known that not all wexpcrtoe oo

the same manner, and that, further, experts ani vow:oo:
field think dif{ferenlly. The expert system must roozoon

expert do
user were

es, at least in high-level expert sysltema. oo
an expert himself, and reasoned as the =ypery o o

probably would not be using the system at all. This o o7

always true, of course, but often it is. Thecreiore. woon oo

novice or

the other user receives an answer (0o A 1t

asks the Explanation Facility to explain how the angwe: o

reached,

it would be useful 1f this answer couid b

terms of how the real expert would arrive b Lhis TRy

(supposed
answer),

following
the exper
answer by

explained.

style, wh
chain of
style was

Curr
student o
attached
Such a sy
reason ac
as instru

ly, this is also the way the computer <rrived
and also in terms of how this answer couia po 0
the reasoning style of the user. In othcr woias,

i

t is a "reasoner by comparisons’™. and arrived A} oo

comparing various factors, this solution weunia
The computer could translate this into the useé
ich might be "reasoning by contrasts”, and o=

inference to the user also, once ii iearned whar oy

ently, no such system exists, bui by mouvelsng -n-
r other user, such a system could be deveirpo o e
to almost any independently-developsd experc oyscoon

stem would be particularly useful 1in trarnya, oo
cording to different slyles, or in using =22per: .o
ctional delivery devices. Instructio: e i

in prime positions to design such a stuadenl mode;/espi:

provider.
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SUMMARY

It is argued that imstructional devejoupers are i
excellent position to make contributions Lo the fieid i o
systems development, particulanly in the areas ov o e
acquisition, knowledge structuring, testing. and deusioiming
interfaces.

They must become familiar with the tocls, system oo
approaches used in the field by knowledge engincoer: v oo
to make this contribution.

Once they have learned the fundamentals oi wvhe 7o,
can apply their specialized knowledge and experronne oo o
practitioners and as researchers. In doing so, ihey it onen
a new technology to educational use, as well as proavide T
knowledge engineer with new tools that he wili find cuvre oo
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