A Symbolic Represeniation of Misconceptions

Benjoe A. Juliane, PLDD.

Depariment of Compucier Science
Coastal Carcling Univeraily

Cennway, South Cavoling 20526, 784
Tei: (B03) 349-2144 Fxc: (303) 349-2455

E-mndl: Jullano@ecucs. Coastal edi

ANTRACT

At inelligent system mmat process mformation = homen
beings do. A fremework is presented whercin dynamic cognilive
structores called chair of thooglt are used to embody the: dynamic
uspocts of the inbeotions of inkelligeot agemiz.  These chams of
thought ae represcnted a9 fuzzy cognifive stroctwres, Tn this
particuler frameark, siructure mapping plays an importent role in
the: notion: of misconceptions. An expert agent bas to deduce the
“peivate” mymbolic construcis of 4 novics agent i onder to
correcily guide the movice through o particular task  Theae
“privatc™ consiructs are derived fram (partially) comesponding
“public symbolic constructs that are e result of imtelligent
symbolic commumication between the expert agent md novioe
agent  This winole process embodies what the muthor refera to pa

cognitive disgnosis.

Chaine of thought, the “private™ symbolic conmtructs, gre the
main focae of the currest paper.  Tis appliostions m designing
intelligent systemnx and cognitive dispnosia sre emphasized. The
resalting framework is also wn impotant sep tovands developing
a method for cvalusting degroes of intelligence snd possible

L INTRODUCTION

For m wtificial system to be considered intelkipent, it et
process information &9 bumen beings do. The theoratical work
presendad in this paper has e major goals. First, it investigates
and describes what typea of cognitive sruchaes are used when
intelligres agents compunicaie with cach other. Secondly, it
attempls to caphre (he dynomica of these cognitive siructures

conmunioals wilh ooe mother. In order for this comanmication to
take plane, 2 common woosrulary bes to be ueed. These “public™
symbolic panetrucis make up speach, be it spoken oc otberwise. In
sddition ko thns common vocsbulary, there needa o be &
corresposdence between the synte of the language noed by each
participant As noded by Kohout [2], there rost also be semmtic
ngroement if e conversation is to be mcossaful  Unfoctunaiely,

the tremsition ferwn “private”™ intentions to ~public” nymbolic
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CONStIUCT i ot always clear. This is troe pot Just 1o agents
sctively mvolvad in the conversation (we shall call thes
participents), bul alae to those sgents not really Ivelved o the
coaverstion: spectstors {oomespondingly, non-participants) just
observing the intersction.

Diynamric cognitive strictites mmist be used by intelligent
agenta o dechace ard make decizione. These omist aleo be vaed to
expresd themeelves, The whole procesa of frying to determine
what ooc apend in thinking, or stiempiing to cxpress, based on a
dislogue, their behavior, their actions, cle. is what mitisted the
work preacnied in this paper.

This work bas relativaly close ties to the field of semiotics, 4
discipline of conebining the theory of signs, symbols, and meaning
exiraction. In the next few sections, we explore the aea of
mtcdligont tbvwing syatems as 8 foondation forr the wark by Julimo
md Bandler [1]. Next, the dynsmic cognitive strucihorss that
Juliano and Bamxdler cal) chams of thougit [1] are niroduced. A
bricf discussion of the implications of this werk is presented and
further work 18 adso proposed.

IL ToromnG Sysrene 450 DEnucmc MIBCONCEFTIONS
Intellipent twioring syaiems

Intelligent toforing systems {or IT5s) provide, perhaps, the
best pround wink for investigating the cognitive stniehrex of
interest in (his study. TT 54 e syskemns desimed o 4id n taloring
studenis oo 8 particuler subject matier. These syalems are
suppoacd to posacsa some form of intelligence by baving

. sonne foum of moaded of the snadent: and
2, somo roasomng capebitition besed oo tios modal

The most common appeoach in the design of an ITS is to pet 0
better wnderstanding of poesibly how we es humens pecfom in e
wioring role. In panticubir, we need to inveatigaie how we
represent and process infonmation based on the twa ftems liviad
abowe. Thm entuiin e spprosimation of the thinking procees using
some knowledge structure based on a system’s “own” expert
knowicdge struchre. The process of “thinking abead thinking™ i
what Fulimso and Bandler [1] have referved o 3 cognitive
diagnosic which meliudex wny methed of confirming the relative



position of the novice stodest™s ihinking peticrn besed on &

The approach we take is based oo cogminae disgnosis durmg
problem solving. [n fhis sccowrio, the siudent in given asvers]
problams o solee and fhe tolor may imervene whenever
sppropwinke in directing the sadent to mderstanding the concepts
ivolved. It is during this problens solving seasion that a moded of
the stndent’s understanding hes ta be formulatod snd osed in
desamining when to inbervene mad hovw o control the dirsction of
the: sessicn (do we presont 2 simpler problem o de we go with one
that is & Litile bit more challonging ™.

The process of deducing ssconceptions

Perhape the most fmportant fackor in wccesful ndormg is huow
tor correcily dednce stodent misoonceptions. This & besed oo
information gethened daring a futoring session, mosl  kely
norsting of partial or iscomplele sohalions b the problemn st hand
This informstion muay alao cantain 2 kot of noisc. The student may
indicate verying degrees of uncertainty (or confidence) to their
solotions. Furthermore, wnder mest pormal xitusdaons,  the
information is umally available in veriow forme verbal, visanl
cuea, scribbled computaticns, diagrams or doodles, . Cloary, afl
this complicates approximating this m wn astificial zystam.

To simplify ihe procesa, the following main aswomgtions xo
made for an wndeclying theory of knowledge sixtes, which can be
corvensently represented in a compuier:

1. The knomwladge of the expert agent and the ioemgledge of e
nevice agent crverlag ool another.

2. A knowledge xtate dexcribes & st of conoepes and the set of
relations smong thes: concepta.

3. Whea m expett ngent spproximates te kocawledp: state of »
novice agent, this information is vacd % genorste “lmes of
reasoning”, winch we call chains of thosgi, to scoount for
cach cbearved sotion.

The first asmmnption is moporient becaues it imgplies the view that
expertise is docompossble inlo mdeproden coenponents that iy
e vasere] ey dhoiFres vewiowws divresstions of kmvewledge. [t almo implies
that “gubacts™ mherit eswntisl charastaristics of the “fill" model;
bence, the novice agent™s mastay of 8 particulor component can
somewhat be deduced.

The mccond aswmption indicates &n  ssscistive
repreacniation. Fuzzy cognitive mxps arc umd o acoount for the
inherent vagueness and imprecision in mest nstural toboring
eovatrEnenis where decisions anc based on imprecise, qualitsdive
dads. The third swunption adds an important level of detail in the
dynamics of the process of cognitive disgnosis.

This subsethood essampticon betwaen the nowladps of the

expert agent and novioe agent aamewheat paraliels Koboid™s [2]
ke thed semantic: agreernent in required if 8 cosversation between

two agemts is to be sococssfnl In kis staterment, he indicates that
there muat be some form of gverlap Toc thin to prooesd.

The prooess by winch intoring syskerns dedoce misconoeplions
by mcvion agenis i also smmiler to the way iDlclligent agents
perecive their samaumniding environment. In the tuloring scenaria,
the environment is replaced by & panticulsr novice. The sxpert
agert han to adjn to each novice agent and base 8 actions oo its
carent model of that agent.  Similarly, intelligent agests must
mcdapt to changes m their soviromesd.

L ArrmoamaTivG CEAIM O TECOUGHT

Fugzy coprithwe mapa

Az mdicated in the previous section, ane of the: axszmplions
we have i that knmwieslpe states: deacyibe » set of conoepis and the
8ed of relations woong e conoepls.  The dynamic cognikive
atruchures we e 0 represenl knowledge sietes are fuzry cognitive
maps (or FCMs), Mathematically [1], a FCM M= {7, A} over
4 finite universe of discoarae, X, ia & ficzy grapk that i5 8 2-uple
where:

Cie € [0, 11F & a fizy concept pace ol X (1)
R, = (RL.RE,.. R is a ficzy mullivelmion ()

Each B* (whaye 1 < k < 7,) is 0 fuzzy relation oo the fizzy oopoept
space iy, For mar delails on the matbemetios, operations, olc. on
FCMBa, refer to-[1].

FCMr are ieal represcotations of knowledge statcs not just
becman they coptore the essence of the first bao wsumptions Lised
in the previons section. They are ideal alao becaase they can he
This gives 1s & meana of possibly represesting “privaie™ symbolic
constnocty o correspond o an kgent"s expertine or knowledpe, or
a2 an approwimalion of what snother xgent is rying 1o say.

Chains of thought

Knowlerigo staes alons ure sot salficsant in capturmg the three
ssmamphions we 1sid out. To represent bines of reanoning, there has
to be 2 wy b move ar iranadorm from ane knovrledge stote 1o
anotbwr. This recrires o formal nepresentstion of cheine of thought.
Mattwanatically [1], we can define & chun-of-thought stracture an
2 universe of disooucse, .Y, to be » S-tuple T = {C.R, ¥, @, 2)
where the pair C and R define 4 FOM strociome based on {1} and
(2), rexpectivedy, and

¥ € [0,1Y is a browledge siute space @
% € [0,1]7 is & walid inpur space &)
8: ¥ =9 -F is a ramidon funciion ©)

Notioe that these definitions have soine srinlaovities to the farmal
defiuiticn off a finite-state sequential machine. For mone details oo
the msthesnatics, operations, ste. on chairs of thought, refer ta [1].
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Knowlsdge comamication and cognitive diegnosiz

Whet xc the disfinct processes nvolved in  approximating
chaine of thoughi? We shall cossider tury indeiligant agenis, A and
B, although thin could be exteaded i more thas ™o Egama
Without kows of generality, 1ot us ssaane that A i the expart agant
md B is the povice agent in 2 talaring enviromment. Tnitially, we
st off with the smangement given in Figare 1 below.

Docsis

“poblic”

“privaie’
A B
Figure 1 Initisl phase of e isteraction
The shaded region in each agent denctes domsin knowlalge.

Recall that in owr fird asmmption, the overlay prmciple
(abacthood property) acaually holda betwees agemt.

Agest F's lmowledpe i then communicaiod to agenl 4 in
some mamer, pomibly during s problam solving task This is

depicted in Figre 1

A B
Figure ] Communication from fhe novioe agent

Whastcver van ecpremsad by nevvioe Agent B now hus to Be anoadad

by expert Agent A. Thim is dona by Apent A & eitier develop or
vpdate & mode] of what Ageat B is thinking. Thit is ilusteatad in

Figure 3 Encoding wnd model ganarationdnpdating
Ty thes eocpert apant

After expert Agent A hes perwrated andior updased its modal
of what Agent H is expresaing for (hinking), ihe pext step i model
mterpretadion. In [1], Julisao and Bandler propose the uae of »
" 4o idendify mi tiona. if sy, indcated

by the sodel of the novice. Whalerver type of operator is nsed, thas
i1 appliev] 10 the eqpart’s doerain knowledge aad the curnent modal
of the newice. Thia in depictad in Figure 4.

ERC

Figaare 4 Model interpretation by the expert agant

‘Whasever icecrprotion ia derived by cxpert Agant A, this has o be
coamveyed back 1o oovice Agent B wn same form, This La iliwstrated
in Figure 5. Hopefully this information will direct Agent B o the
idcal chain of thought,

5
1.

Figume § Expreazing misconceptions idontified
by the expert agend

Nad, nofice that the novice Agenl B nosr nndergocs 4 process
sirniler w éhat depicied in Figmos 3 and 4. Commmbnication firom
enpert Agant A ham i be ancoded md this mfermation inteeprated
and possibly sssimileicd mio Agent B's cumcol Imowkedge
sructure. Thow, this mede] bax e fairly general spplicetion for
indelligent agants and the modeling of some underdying cognitive
processes.

TV, DacURmON

The made] for cognitive disgnosis outhined i the: previous
sction warants disbrwation.  Firsthy, the sppropeistoaess of weng
FClvE o roprencnt kcrwledge states is emphasized by twa factors
in the model  Knowledge communication, the sot of expressing
onc’s knowledge: (poo Fiparos 2 snd 5), is primoerily fuezy in msture.
One can obacrve bow fo cxpress moet everyday ressonimg and
common sense knowiedge - heee ane comweyod imprecissly. When
il comes to approocimating this in 3 machise, this is where doe
expresaiveness of fiozy sci thoory sicps in.  Furthormore, the
transfmation of spaken for otharwinse) language into an iniemal,
“peivate™ moddd ns I Figure 3 is inherently nodsy and imprecies 1y
well. Agein, ficzy set theory o caphure this imprecision.

The use of fizxy graphs, called FCMa, also facilitates

modeling of the operstion(s) depicted in Figure 4. In [1],
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