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Abstract
Tﬁis artiéle presénbs computer-based expert and knowledge
systems as a potential tool for éducators in rural settings:
The exéert systems ;ould serve as consultants to the
educator in addressing jssues such as identificatidn,
diagnosis, and remediation of pfoblems presented by special
edﬁcatioﬁ‘students. Prototyée systems are described and

rural educators' applications of these systems are

suggested.




Expert Syétems

k]

The ?otential.of Computer-Based Expert Systems

for Special Educators in Runal.Settinés

Teachers in small schools face ﬁaqy of the same
instructional and-motivétionayﬁproblems as teachers in
'schools with lérger populations. Unfortunately, teachers in
‘rural areas often have had relatively little Support in

'facing those Qroblemé;‘ In larger scﬁool districts, for

example, teaohﬂrs can draw on the knowledae and expe ence

of co;leagues who teach cnlldren 'in the same grade or w1th1n

similar content areas. In addltlon, larger districts’often

employ a staff of psychologists, behavior consultants,. .

curricular coordinators, special education d%rectqis, and
others whose Jobs involve aSS;Stlng teachexs.. Teachers in
small schools often-lack this support.

Reasons frequently cited to explain the lack -0f support
serv1ces in rural dlstrlcts are (too much) geography and
(lLack of)money (Helge, 1984; Klrmer, Lockwood, Mickler, &
Sweeney, 1984). Many rural schools lack a tax base which
will,éUppor; an exéensi&e number of relatively expensive
adjunctive personnel. Further, the large physical size qf
many district;‘;akes providing itinergnt consultant services
difficult ané often impractical.

‘What is needed is a group of educational experts who

are readily available to teachers and administrators at
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each school .of a rural district. These experts\shghid have -

‘the knowledge and ekperiehce to provide quality
consultative services. Finally, these experts should provide
services at a cost that is aEfordable to school districts
with 11m1ted financial resources.

Characteristies of kn@Wledgeebased~wexpert*eompitéf

systems fit well with rural school district needs for

educational experts. That is, the knowledge~bésed expert'

systems can provide teachers and administrators with readily
available advice about a specificﬁcontent aree;: Also, a

knowledge~based expert system has the potential to capture

practical experimental knowledge Ffor dissemination to

teachers and admlnlstrators (Weiss & KRulikowski, 1984).
Addltlonally, expert systems have the potential to provide
educitors in a rural setting with advice at a reasonable

cost.

A knowledge-based expert system is an application of

artificial intelligence (gi). That is, it is a computer-
based system designed to emulate the'knowledge of a human
expert for solving problees.' An expert systee-typically
engages'the user in a dialogue. This dialogue, in many

ways, parallels the conversation a person might. have wzth an

t

expert consultant.‘ The system presents questions that will -

A

pinpoint the problem and gathers information from the user.
Then the program combines the faets supplied by the user and

rule-based 1logic of the computer program tojéenerete

S :
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solutions to the problgh (Stefik, Aikins, Balzer, Benoit,

Birnbaum, HaYes-Rdthh Sacerdoti, 1983).

Expert System Examples

Expert systems have effectiye}y solved problems in a
number of areas.. PROSPECTOR, for‘examgle is an AI program
which is used in the field of ﬁihéral exploration.
PROSPECTOR interprets soil and geological data and predﬁcts

the probakle location of mineral deposits. In an experiment

testing PROSPECTOR's effectiveness, users correctly

predicted the lécation'of”a mblydbenum deposit worth one-
-nundred million dollars’(Feigenbaum & McCordGck, 1983).

Another program, MACéYMA was designed to solve a
varietf‘of complicated mathematical problems (Sleeman &
Browﬂ, 1982). Scientists and engineers access MACSYMA
through a telephone network. Research chemists employ
DENDRAL. Using mass spectral and nuclear magnétic resonance
ihformation, DENDRAL can identify a substance's potential
molecular structure (éeigenbaum & McCorduck, 1983).

MYCIN, a well-known expert system used in the medical
ﬁield{ has led Eo educational applications (Davis, Buchanan,
and Shortliffe,'l975L This pr&g;a& allows the user to féed
in iﬁformation about the characteristics of bacterial
cultures along with the patient's present symptoms.
Combining the patient's data witﬁ the rule—basedulogic cf
the computer program, the bacterial disease is identified.

In its initial form, this intelligent data“base was used as

¥
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was used as a diagnostic tool by the physician. This same
\intelligent data base was then included in an intelligent
CAI program, NEOMYCIN (Clancy & LEtSiQEfr' 1981), designed

to be used to teach ,the diagnosis of bacterial disease.

Potential Application In Ruréi Bducatioq

“ Hayes—Roth}'WatermAn, and Lenat (}985) suggest that
expert systéms may be developed in the areas of prédiction,
intérgrétation, diagnosis, remediation, plauning,
ﬁonitoring, and jinstruction. It is-éléar that Fhere may be
tgachers‘in rural schoold who might f£ind such compﬁter—
based expért systems to be useful.

A number éf systems are being (and hé&e‘been) developed
which mSy be of imﬁediate value to rural educators. One
_such system would be the BUGGY model which led to the
DEBUGCY diagnostic system used bx teachers é% diagnose
arithmetic errors (Sleeman & Brown, 1982). The hUGGf
program considers all possible'student solution'patﬁs (both
coiréct and incorrect) in solving afi;hmetic problems.
Recognizing that nearl& 80 percent of ail student errors are
systematic in nature, the BUGGY'sy;:em iéeﬁtifies the
student's m%sconceptions by qollecting evidence of error
patterns from. test problems worked Sy the student (Roberts &
Park, 1983). Instruction can be‘planned.to specifically
address the student's errors, that is, "bugs"”.

An extehsion of the BUGGY system, the DEBUGGY

diagnostic system, has been used with several thousanad

»

% . - .
L ;7 n
-
. L)
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students to 1dent1fy systematic errors made by students in
solving math problems (SIeema; & Brown, 1982)- The authors
of DEBUGGY approached diagnosis -as’ a more informative
process than simply determining if a student has ﬁastered a
skill xhus, by combining the. rule-bdsed 'logic of DEBUGGY
and student data, the computer outputs the subskllls the
" student still needs to master and the rules Eﬁé“stﬁdegt has
iqternalized resulting in the incorrect answer. Diagnosis .
at this level i useful for the teacher in planning specifié
remediation to address the student's need. Such a
diagngstic resour;e_is'especially advantageohs for é’téacher
:1solated in a rural setting with few, if any, available
dlagnostlcaans to assist the teacher. )
In the area ;E.Iearnfng disabilities, Colbourn &‘&cLeod
(1983) have developed a computer-guidéé diagnosis of réading
difﬁiculties.prototype that could be-used by the educgtor in
a ryral setting. Tpe system does not.necessaxily test the
student -directly but qtilizesothe assggsment information
gathered by the teacher. 'Colbourn and McLeod (1983)
describe their-expert s§stem: . y
The present expert system guides the user through =
the.various stages and levels of diagnosis; from
the 1n1t1a1 suspicion that a readlng problemlmay
exist. through to the point at which suff1c1ent;
information has been gathered to plan an

appropriate remedial, program. . Assessment begins
-~ -, - .
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with the gathering of relevant data conderming the

’

child's physical, mencél, emotional, social and A v

academic.developmental histofy. "In addition to -
- == ) X 13 !
’ the assessment of the child's general skills in

academic areas such.as reading, spelling and
L] ". ’ . 14
‘ arithmetic, the expert system examines psycho-

educational co:reléﬁes'that include those
p - . :
/ intellectual, visval, auditory and language skills

I

deficiencies which might be related to learniog

disabilities. As the assesé&ent of the child’s
learning difficulties progresses, academic skills
are subjected to finer and finer scrutiny until

the nature of the child's problems has been

‘{pinpointed ef7ctly._(p. 32) ' .
With the ope01flc nature of the chlld's problems
identified, teachens can turn their attention to development

and 1mplementat10n ot a .successful instructional plan.

Hopefully, services for the student began sooner since

delays in the diagnostic process have been reduced, if not :

eliminated. :
: / - *
Other expert. systems addressing the area of learning

disabilities have been developed by Hofmeister (1984) and ‘
Ferrara'(l984) These systems, CLAS LD EB and CLAS LD ¥1,

respectively, provide second oplnlons regardxng the accuracy
'
of the classification "learnlng dlsabled" In response to a
/
series of qugstions posed by the computer program, the user
‘o 23
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inputs the psycholégy?al and educatiopal‘ infoamat;on
;athered bvah; ghildAS assessment team. Then the
aésessment infogmgtion and rule—baged logié are combined to
output a judgement about the approériaéeness of a lea;ninq
disabflit? éla;sifjcation For £he student.

”~s -

The systems operate on high-powered-microcomputers and

are under study for theif‘vaiue égvédﬁsultants qé well as

éliqical tréinfng resources wheieby-graduate sé;dents can

Eest their classification skills against the éxpé;t éystems.

The Eomputér.programé enconpass the Utah state rules and

fede;al £egulations related to Public Law 94—142;in their

prob{emhgolving processes. The expert.knowledge was built
—_

- A . . . . S . -
on -the opinions "of recognized authorities in learning

disabilities. .

.~\‘¥K
The CLASS.LD systegs are two of several prototype

proéréms being developed or planned by staff of the Specjaf
Educat'iol ATl Project at Utah State University to test/the
feasibility gf using expert systems to solve péoblems in
specigl—education. The other prototype programs add;ess
such issues as: (a) using test information ts diagnose
specific skill deficits in children, (b) evqluatipg'the
efficacy of instruction based on student éerﬁdrmance data,
(c) evaluating administrative program decisions, aﬁd (4d)
considering classroom management problems and suggesting
solutions.k‘The issues -addressed in these programs are

relevant to all special educators, but particularly relevant

10

-
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to special educators in rural settings where human experts

are less available because of distance and cost. :

-
- .

Many of the expert systems discussed above are in the

prototype stgge'of development.~ It will be several months

-

« . before they aré completely.field-tested, and months after

7

that before they ° are available.tmszacbers in public

schools. Nonetheless, rural education should be alext to

the potehtial these systems offer. Educators ﬁn rural

settings can prepare themselves tchapitalize on the
" .

#
fa.

ad€éntages of new technologies such as expert systems by

{

developing their technological literacy (Hofmeister, 1984).

~

Summarx -

'During a presentatfon to Congress, Bell (1983) made the
observation that "Too much computer softyare is simply
electronic pageyturning, agd it has little advantage over a,
well-illustrated book" (p. 4). The knowledge—based expert
system appliéation of Artificial Intelligence rééresents a

dramatic shift from "elgctr%c page turning".

We/believe that expert systems can and should éf%y an

imborbant role in the future of tgral education.
! [N .

3

.



., . A . ’ .
) - -
. ' Expert Systems
) . . K . \ ‘ 11 . ) )
N ' . References . ) -

- .
Bell, T. H. (1983, September). Computers and education.

. - $”
Statement made toc subcommittee on Investigations and

Oversights, Hougéitommittee on Science and Technology;
0.S. House of Representatives, Washington, D.C.
Clancey, W. J. & Letsinger, R. (1981). NEOMYCIN:

.

Reconfiguring a rule-based expert system for -

RN application to teaching. Proceedings of the seventh

international joint conference on artificial intelligence, “.

University of British Columbia, Vancouver,.B.C., Canada.

Colbo%fn, M. J. (1982). Comguterdguided-diagréms of

: L
' ' learning disabilities: A prototype. M. Ed. Thesis.

Depaftment of Saskatchewan. (ERIC Document
Reproductisn Service No. ED 222 032).

Colbourn, M. J. & McLeod J. (1983). _C;mputer-guided
educational diagnosis: a prototype expert system.

Journal of Special Education Technology, 6, 30-39.

Davis, R., Buchanan, B., & Shortliffe, E. (1975). Production
rules as a representation for a knowledge-based e
consultation program. Report STAN-CS-75-519, Memqg AIM—

* 266. Computer Science Department, Stanford University.

Feigenbaum, E. A.f & McCorduck, P. (1983). The ﬁifth

-

. e generation. Reading,.Mass;: Addison-Wesley.

Ferrara, J. M. (1984). CLAS.LD Ml: An expert system for .

V. Co ‘ classifying learning disabled séudents, [éomputer

. ‘ program]. Logan, Utah: Utah Statq/University.

e - , .




LY

o«

Expert Systems
12
Hayes-Roth, F., Waterman, D. A., Lenat, D. B. {1983).

Building exvert systems. Reading, Mass.: Addisqé;

! Wesley.

Helge, D. (1984). The state of the art of rural special

education. Exceptional Children, 50, 294-30?.

Hofmeister; A. M. (1984). Technological tools for rural

special education. Exceptional Childrer, 50, 344-349.

Hofmeister, A.M.(1984). CLAS.LD EE: An ekpert system for

classifying learning,disableﬁ students, [Computer
program]. Logan, Utah: Utah State Univefsity.

Kirmer, K., Lockwood, L., Mickler, W., & Sweeney, P. (1984).

"Regional rural special education programs. Exceptional

Children, 50, 306-311.

\

Roberts, F. C., & Park, 0.(19§3). Inﬁelligent Camputer-—

assisted instruction: An explanation and an overview.

. ~

Educational Technology, 23(12), 7-12.

Sleeman, D., & Brown, J. S. (1982). .Intelligent tutoring

systems. London: Academic Press.

Stefik, ™., Aiiins} J., Balzer, \R., Bgnoit, J., Birnbaum,
L., Hayes-Roth, F., & Sacenjdoti, E. (1983). The
architecture of expert'systeﬁs. In F. Hayés~Rbth¢mD.A.

VWaterman, & D. B. Lenat (Eds.), Building expert

systems. Reading, Mass.: ‘' Addison-Wesley.

Weiss, S. M. & Kulikowski, C. A. (L984)f. A practical quide

to designing expert éystems. Totowa, NJ: Roman & -

Allanhead.

13




