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*  Abstract

In this paper, we present an misrpreiive parwpec-
tive in accamplishing mtelligent disgnosia for sffective
knowiadge comummication. Wa foces on the spistemic
lavel of disgnos®s — thet which is concerned with
knowledga staies and sspecty of both & model of the

i ic knowledge 7] — aad
propose son extensions for & more hybzid spproach
involving certain bsues for the indiwdual Ievel aa well.
The formulaticns we preswmt here sto based ao an ear-

EEMJM. It i projected that this spproack will
itate the management of omltipls svidenes and no-
cerfainty propagation.

chaing~of-thought.

1 Introduction

1.1 Preliminaries

gram by relying on
Clearly, no eshereni

peciormance s recorded. Conventicnal programming
techniques allow the recording of historics regarding
the branches the program mads. Heuce, each new
decizion about where to branch naxt would depend oa

Pernmiccios. I wisht fex ol or of il maserial 3x .

ided i he ecpins we st mads o¥
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the histary of what branches have ocenred sarlier, This
process could be very compiex, sines zil possibie his-
tories would bava io be snticipated.

Tha Incorparation of scine artificial iptelligence
programming techniques into CAI software oot only
allows tha inclusion of scphirticated models of con-
capta and operatlons in the subject domain of concers.
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would result in & partially non-mirusive pedagog-
ical sirategy, based on the idea that pecpie should just
solve the problem and continue on their ewn. All re-
wottld be based malaly ca the student's actions

s observasd and jor appraximated by the system.

1.2 Inéelligent diagnosis
Diagnosia is an imbegral feaction for amy intelligent fa-

toring This entals the callection and deduc-
ton of & jon pertaining to & user or any cb-

E




at the spistemic lovel — the level deaiing with knowl-
adpge staics and certain wepects of both domain and
procedural kmowledge.

The DIPS project [GO0S6,1U80a,STAR?] of the
Florida. Stats. University's of

-Euwduunnmhﬂm i the
mdi!idluﬂhd menxiom?

How can this form of human disgnosis be simn-
.luhdbynnr.him?

» How accurats can s computsr approximate cogni-
tive activities based on our corrent stats of tach-

snd, rather indirectly
Can Inirman jtion b reximated and

s G 2 cognitinn ha app pre-
a What cognitive phenomens for tutoring can we
approximate?

s Can we schisve worthwhila goals by concentating
oo diagnowis? . .

1. The knowiedga of the system and the Jmowl-
adge of the usr constiinte sn owerdey [GOLTH]
s depicted in Figure 1. In other woeds, =x-
pertbe |5 into ndependsat compo-
pents chat may be nsed to define variouws diowen-
sions of Heancea, subsels mlwrit tsen-
tial charas of this “full" mndel and the

1 The nlagty of 1tema In the know state
e Do atablished. . Hese —

Eﬂ stats deseriben :-dutw:.umud
oet of relntionn them, = a1 Epe-
the 4 of e arcng

jes of astudent dormg an

2.} FCMn: An overview

Defina & cognilive map [JU892,J080c], M =
{Cut, Raq) over the Enita universe X as o fusxy grapk
that is a 2-{upis whes

¢ Cpa & [0,11F in a fusxy conenpt space of X.
s Ry an maltivaletion; that », a finita se-

qoence M{Rhlﬂﬁu"i-gf-]mcME T




which may ba represemted as relations themselves,

2. Stndent modeling and disgnosis

Stracture-mapping in the framework of tomparing
mpiﬁumdmmthmw;ﬂy.m

arhitrary pairing of suctires, or constitnents, would
reult in expioaion. Random methods
are neciom: the gemeration and verifieation of he-
ﬂmuﬁqmﬁdmmmm terna-
tive. In [JU¥la), we mflued the ides of structure—
mapping of our proposals thumu:ptnf
lmmﬁmhm&ﬂm
Firsctzre-presoroing — thuymaintmurhm:h:u—
tarixiics dewmned pertinent for the tak under congidar
alion. We contrast this with approaches i analogical
mapping in the following sction.

Notice that strucitre—mapping ifpiosss some
conmbmints meant to achieve a level of comaxlstency
atrainis that deal with consistency betwesn knowladge
siyncinres over time (e.9. genetic constraints, as in
the contexi of an overlay based on Goldstain’s genedic
mm).ﬂwﬁrmﬂl-tumd-ﬁdﬂn-
sirtency rules Thesa are relsvant in raducing the num-
ber of knowladge statas that must be considered as
possible (interpretations of) student models,

To delermine which knowlsdge slsmients hava
been directly inwolved in the currently availabls ac-
armunt af tha teer ar his hehavicr, the use of FOMa facil-
itzte modal tracing and the reconstzuction of solution
pathe. Thesa collectively form the basis for epistemic
inferences. Purtharmore, the mathematical charnctar-
istica of FChin facilitata the miegration of epistamic
infarences into the existing student model. We divide

o global (mode—based) modeling; and
s local (concept~baged) modeling.

The former is achisved through FCM structures, while
thuhﬂuhmhudhdhdm—at—thm;hlthﬂm

uﬁmmdwemummﬁhhdme
by initisily constructing mnalngne apprecimations of
localiznd information made available in an cngoing ses-
mon. The fact that chains—of- £ are treated a5

subriguctures of FCMa faciiitates the generation and
approximation of the farged Fﬂﬂl—mpni knowl-
wdige encodad m the tukoring systam.




to sstablished Imowledge, to & lorgei-riraciure denot-
ing soae knowledgs whose fundanmwntal characteristics
need ta ba inferred from the former:

besc-rirgcivry = larpai-stroclsre

In our approach, we wani to astahlinh an inierprevioe
mapping. Hance this must cccor n the reverse direc-
tlon: from an epprosimcied stzocture that we want Lo
mtcprdhun.hnwn:ﬁ:mtuu:ﬂldﬂniugdm
ture. Thin fs based on the fact that, ide-

nf-thw;hl:. ‘The current know. state and undet-
lying reasonimy stratagy omst be dednead by relying
mwhmmputhpmvﬂaduthnrltunmnm-
andwidth communication channel detaxmined
by a corresponding interface.
Azsum 1} ta Ibunﬂudabnumﬂy
ptions (1} {BJ sbe

In the Etersimre, all other nem-fdnedonsl snd
cormtitoamnia of are refered to

proximatad staten i within the cogai-
tive architectura of the perceived siudent modal.

o Leerning. Tnterpretive and inferential diagnoss
at the spisterzic level allows the sysiem o [l
hwfbymuddhﬁﬂthcmwdmdm

anﬁapnh{byrmﬁuﬁ-
tion o generation of eonespiunl associatioas from
the syeiamn's oom strctures) Inowlsdge weqitisi-
tion by the user. ¥or example, by embedding
genetic graphs [GOLTY] into the relational space
Raq wa can deduce learning styles.
¢ Reflexipe. Fuszy linguistic variable [SCHES,
ZADTS ZADTS may be wtilizad ai the lo-
terface module to indicate degrees of cartainky the
usar has with responsss provided to the systam.
Sinea the ueer is, in easence, to recal] Imawl-
sdpt that in pertinent to the solution of the prob-

Figurs 3 The reflexdive visw,

l'mathmd.thnth:;immpmmulnﬁﬁ
Indieators of the user's modal of himaeif.

& Reciprocal Simiinrky, the questions posad by the
gindent indicaie to the eyvtem which pieces of in-
formation the student expects the eystem to have;
& relative indicator of the nser’s model of the ays-
tam,

The latter two itams were pointed in FUSGa]. Tt was
azzarted thai the wmr paciorms 2 ing schems
girmilar to the nnderlying stndant modsling by an mtsl-
Nigent wystam. "Similarity” bere refers to the goals of
tha modefing tasks: they both attetnpt to be as close
uponibir. to the farge? expert model; to tha trajec-
tory of sn ideal chain-of~thought (refer to Figure 3).

With regards o the lovels of abatractinn depicted
In Flgure 22 we am 2of, in any way, making » zlaim
that thete are intensive and exhaumtive. We marely
point out that we perceive thess ag abetract lavels per-
tinent to cur particular consepiual framework.

swvailnbis to support sur clzims,

4 Summary and Conclusions




1o denl with the epistemic level of diagnosis. This is
Mhmmmmdmwup_m

on the diagnosia of procedural knowledge. We coacen-
trata mors on erticulatad danls with
conceptval interelations: how the usae tham
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