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Abstract
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nosing luman problem selving skills. The module mcor-
poralts & chain-gf~though! axalyrer that sstablishes a
mndatnfﬂ:n:mdmr. A fiszy copnithve map [18], o
Fcufnrmnhﬁnu is propossd for Bes approach Tt
unnuu:ifecﬁmmwdnguplﬁmluuwnﬂ. These
PFCMs rpresent wpproximstions of & oovice's concept
manipalstion and formation sralegy in ying to tolve a

i Thoy can be usefal decision making
tools in the insbruction enwvirceorese

1 Introduction
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1.1 Decision Making In the
Instraction Environment

field becorme available, conpled with the changing nesds
of society, thin fremework i modifisd.  Sock adjustments
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and more.  The Imowiedge bascs concemed we alwo
differsnt:  pedagogics]l pmiegies, domain Iawwledge,

ot
Iarelligens Thioring Systems {IT5), Ihese systerm are
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it does mei pem from randomesys, bt Eom
Jusziness [32]. As in [5], these decitiont miy be viewsd
2z n wwt of aliematives meanlting from whar is permioshls
for the spocified gosls and consiraints.



Figure 1: Preliminary actions

24 FCM Formulations

Portions of following mathema tica] formulationa sppear
in detail in [18, 15]. Notations are consistent with these
oot publicutions,

The conjeciored interelationship between knowl
edge, domaine and concepts ia depicted in Figure L.
Matkematically, we refer t0 geaeral kmowledge as a uni.
oarse, X. The domnins of discourse are alss known ag

concept rpaces, £ € P(X). P{X) denotes an applicable
Tormulation for the power sof of X. Cloady, acy con-
cept ¢ € X has the property that ¢ € £, for at Jeast one

C e P(X.

2.1 The FCM

Mn“mmmﬁ-[ﬂg.ﬂg]mm
aniverse X as a fuesy groph [21) that is 3 Z-tople of
fonctiona g : £ — [0,1] and o : CxC—J0,1] for
€ € [0,1]%:

s Cg € [0,1]% s & fursy comeept space of X.

¢ R Is a foasy relation on Ogy £ [0, 11, given by
Rg ' fgxcg — R, The walues of Ry are -

R S Hep ™ Apog ey
forallzi, x; ECg. .

* The totally ardersd range sst 8 = [0, 1] establinhes
the certainty or membership valuw betmesn con-
Dcp‘thEﬂg.
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2.2 FCM Operations

For arbitrary fuzsy cogaitive mape i = (Cge R i) and
N = (€4, Rz} over the upivenss X

s the fuxy join of & aad ¥ ia deoted by
HoF = (Caulp R cgves
4] Rjﬂ!ﬂ-uﬂ*ﬂ {l}
where U is the furzy sot union operisr and Ui b
the fuxry ralebional union opetator, deflaed 1a
Y=e X, HegUip® ™ Pe,TVices
(R cguegyl (Mg esveghyv
Ry cqueghy (R egrrca
reapectively. The v symbal dexotes the marinum
aperatar.
s the fsxry mtnf.ﬂ'lndﬂ'idmmiby
HeR = (Cgn Ca, R Caney)
NnRyvegnegy) (3
wihere N b the fooy sel $iteraeckion operator and
M the fuzey rolotional interssction operatot, defined
l
Yo EX, Bopneg® = peoXAuC.E
(Ra\icgnemnn (R utegneailsh
RgNicgncg))iy (Raicgreedh;
respectively. The A symbol dencies the minimen
opétator.
s the fiey ﬁrmpncyoiﬂmﬂhdmnhdhr
Mol = (Cg\Cp R\

N =[RagviEgicg) (3)
where Y i3 the funey 4ot difforence opemtor and -
in the fuzry relational negalion operator, defined as

V2EX, Acovce® = Mg Al —(peyr))

(Riviogricgyn (R e\ eglloh
R (O B )i (0 — (RN o) o)

mapectively.

The frazy join operation can he wtifised ko create
and link cognitive mapa. Truncetion or pruning in ac-
complished by taking the forry mest. Meagwhile, fualt-
detection i performed by taking the fosry dbscrepancy
of the spproximated chain—of-thoaght with a cognitive
map supplied by the expart.

2.3 FCM Relations

The degree of aubsethood of A in B for fussy sabacts
A, 8 € [0,1]%, wiitten p, a4, is 2 meamze of uncer-
teinty in terme of the possibility, x, defined a9

BysA = oAcC B) (4)



whize p[u}..i. dmotes the membership fumction that

maps A to the power set of #. The value retamed by
B8 A wonld depend on the fusxy bnplication oprrator
wtilized to embedy 1he said mapping, since by definition

*(AC B) = mia (a2 - sz2). (5}

For arbitrary foxzy cognitive maps & w (Cg, Rz} and
F = (Cg,Rp) over the wniverss T

s the degree to which & s a furry submop of N,
written x{ & « X), is defined as

_ MCu GCp) A
el = !{11;@:“& C g/ ogqucg)
(%)

whers (€ € £} is w defined in Equation (5),
and aimilady

- ( Ralequey mn| PRl &
G Rg/eguey PRg gty [
{7)

A more hatsh messnre conld be dedved by ntilizing
tha f-restriction of Rz wnd Ry on Cg MLy, which
is given by the formala

- :(Eﬂ - l:ﬂ] A
*H < B) Ry cante E ﬂ#\ﬂa”fgi
Hence, A7 s called » fosxy submap of & if wad only
He(M & N) > og. This preset threshold value »
wmally set at &g > 0.50.
s Jually, Emthdepuhﬂi:hﬂiﬂi
Juxsy anpermap of N, written =(# > W), by

W >R = r(f M) ("
This is clear asd has been shown in 113].
o K iz said to be squol to &, written &7 = ¥, when
the following bold:
BE=f o Cg=CpandRp=Rgy. {10
This means thet

YeEX, pra? = eyt (21}
ad . f Ry = Ray (22}

ﬂthuwiu.ﬂiiunl@dhﬂ.wﬂtmﬂ £ R.
The degres to which A is fursdy eqwal or similor
to & wmay be dencted by

(= F) = 2K <) A x> F). (1)

The coguitive map relations just presested comld
b ctilived Ior comparing and analyzing approximated
stroctupes with ideslized ones. Fumy ordars [31)
cvald provide interpretations of conceptual manipuln-
- tion Mistegics employed by a particular aovice. Otber
ussinl applicaiions are alec being investigated,
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3 Tutorial Intervention and
Performance Diagnosis

The totor interuptx 3 particular session whex soms form
of fuult is dutected. Thia task entails an analogical map-
Ping hetween the tutor's knowledge, f, and the approx-
imated kacwiedge of the sindent, 5. The former knowt-
edge womrce is tepresented by a sonrce FOM that may ba
selected and retrieved fiom an existing koowledge basa
or generated by a problem solviag modnle. ‘The formula-
tions woggest that the disacrepancy 56 F cupiures these
fanita Intervention may be iriggered by the degree ta
which & and T are family equal Althcugh sach & struc-
tural comparimon merely demands & thrashold valus to
determins the ngnificance of & fau!t, srmantic and prag-
matic considaraiions shonld aleo be considersd. These
ivues are roore domain—dependent

Performance diagnosis i achiewed by beck-
tneking slong negaiive nodes resulting from tha $ 97
operation. This also fscillistes the generation of ad-
wiscry data, which may be infered from the resniting
analogical mapping. These are alwn domain—gdepeadant,

4 Conclusions

FCMs are proposed to represent an approximation of
the concept manipolation and formatics sirategy sm-
ployed by 2 novice in astempting to sclve & particulsr
peoblem. Corresponding foxyy {ormulations wtilizing re-
latinna theory and the notion of yeotrctican and exten-
sions were Liso pracanisd. Interpeatation of the reselting
concapiusl graph sirnciures, which would be parallsl to
a conceived rolufion path, is derived hy analogical mep-
plog and back-irackiang, Farthermcre, this approach’s
applicability to other abdoctive wystems requiring some
fanit detection or error diagnosis s being considered.
Other plansible possibilistic formulations are covrently
being investigated. Thess pravide mfficient initiative to
coatines extensive resssrch on the subject srm.
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