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ABSTRACT

This paper prevsnds & So—going sxploratory study
cancerning, the eognitive processes mvolvwed doking

schentific problem solving It w concived that by-

aacectrining the novies's [ this case, the student weer's)
ehain-af-ihaupht , developsd while salving n particnlar
probleam, & cognilive paspertive siming for a betier
noderstending of the mental procossss volved could be
schieved The approximated cogmitive sirsciurs
coczelated with correet o experted versions supphied by
the expert {intor or educstor). Such » compasieon i
ansertad to genemte waluable Dformetion for disgnosls,
of the novies. A theopetical famework, bosed oo &
coynitise map Implamentntion, is discasoad. It sttempts
govern muccasafal fanlé detection end error dingnosin in
problam solving. Thes formulatlons are mxmised to
humﬁmhpﬂbhhﬂmmmim
moduks fox intelligant futoring
proposed paradipn,. We humbly amphasiza that this
endeavor sims to contribnie to a better nndentanding
of the functionsl spects of tha human mind.
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INTRODUCTION

A growing interest towards pooblem solving has bees
evalving anvery cognitive acientists (Good of ol 1980).
The undersianding and coltivaiion of meowsml
peoblen solving techniques has heen the primary concern
of related studive. These not aoly irealve the instruction

ment of alfeetively utilised approaches are conaldered sa
will, Fewdback fram such dingoose could eid in the
development of more chalkeging <r Lefitiing problemns
Mmﬂdhmqudndhumﬁmth;both_dﬂﬂl

In corrobaratlon with the growmg interest o
cognitive sindies related t¢ educetion, the Florlde State
University's Departmest of Computer Scimce and
Irwifinte for Cognitiwe Sciences lmmched a esearch
peoject cantering on computerinsd diagnostic methods for
fmproved imtruciice. The main objscilve was to come
wup with an expert gystem called DIPE, which stands for
Diagnoels fx Instruction in Problem Solving. Initially,
an effort wen mmde to apply the sindy n the Asld of
Phytica (Good e al 1086; Ssabo 1887) Put with the
smerpvace of walmable datn oo clesmical pmstics
problem solving (Smith 1883; Smith snd Good 1984) snd
the Natlona] Scieace Foundation (NIF) eseazch project,
*Computer Diagnosly of Faulia n Geoeties Prohlem
Solving®, = new approach was considered.  Dwtadls of
eacliar work pertaining to DIPS <an be found I (Gocd
et al 1580; Sgabo 19€7).

This rtudy is scenawhat related to corent Tasencch
(Bandler o2 6l 1968; Mnncini and Bandler 1988), that
develop and aompars veriow constrocts involved in
mggested in varioos literntare (Mioadky 1088; Sowa 1084).
Seme methoda for eovaputer coaching (e.5. &3 that in
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CHAINES-OP-THOVGHT

The importancs of the chatn-of-thought concept is
made npparsst within the context of sn ideelised
Totar-Novice Model Relniive 10 thin medel, &n
munkogous system of conesplunl struchures could be
foromlated Sx embodying thw concpt in & compuder.
This is the current focns of thin ressasch.

Perbaps the movt chellanging aspect of this stndy
is the fact that mmerons peeblem solving sywtams have
previcualy boer devoloped, but anly a few havo acoerged
for dingnosing the problem solving tmsk { Peipenbaum sod
Bagr 1081; Feiganbonus soxd Coben 1982; Goldebein 1080;
Newell nod Simws 1972). Indoed, developing n sysiem
capoble of solving » specified claw of problems is,
tn iteel, & dlfBcult mdertaking, What about & progokin
problem salver in thinking? Or perbaps » program that
approxpmates the cmcept formation snd msnipulation
empleyed by & problem solver m sibeanpting to salve »
particular problem? This is exncily how a tuicr goes
along in directing the conme of & sestion with 5 nevice
A problems is presented for solving. The problem »
famnilinr to the tutor, who associates to it & solwlion moy
that embodles varions soiutlons koown to him,
By observing both verbal snd non-verbal wetiom
(Ericsean and Slmon 1084 Gagoe 1998) exhibited
by the novics (e combinations of written partial
solutions, vinal contact, bodily movements and others),
the tutor detects any faults made by the oovice, These
are prtmally devintions from the solation map in kis mind
and conld therefore he diagnossd to genemie some
sppropeiste advieocy mfcemation.  The perceived
protoec] i then noted, synthesized and mmanipulabed by
the tuter. The novlee, on the other hand, atiempts to
prally solve the probiem sncosesfiilly based on the hinks
and comments provided by the tutor.

S0, the chain-of-thought refecred to here pertadns
to the kme of thinking, or sccessive linking of coneepts
utiized to silve & problean. By spproximating this
struckure, the tutor in oble to effiectively dingoose ihe
pecblem wilving skills of the mowice Ik = im this
manner that our sysiem develops snd maindaine »
mode] of dhe movice, an important foature provided
by our apprond.

Cognitivs Mans
We pow forns our atbeoiion oo the e of

coguidive maps { Axeirod 1972; Axelood 1078; Sowa 1964)
n order to capture the esssmes of the spproach just

presscied. Thees concoptual wirsctnrm, imtrodues] by
copnltive parchologist E. €. Tolman in 1032 , could be
viewnd ae & collaction of podes ssmantioally Enleed
in & feslidions mannar (Hayes 1979; Miceky 19BL;
Quillian 1967; Schank mnd Abelson 1977) . Azelrod
ntilized those sructures to represent cmmmbty in
woal sclentife knowlsdge {Axetrod 1978 They
represeatations of expert docuneats.

Correspondenes with the Tutor-Noviee Model

The sciniific knowledgs with which Axebod
utilised wognitive mape for represantation alkwed the
simpls utllaniioa of the (adjscency) matrir to mesenrs
reaxuing. Bt in ander to capture the mental processes
mwolverd in probism solving, sa ewemplifisd by the
Tutar-Noviea Model, » diffasot approach is nsed hare.
Br taking imto conrderation the role of the tubor
for thin modad, % k& pesuoned that fonciionally
distinet cogritive maps are mainiained within the totor's
mind to succoswlully caxy ont dingnosile functions.
Furthermors, the symmentation okibxed by Axalrod i
inmficent for tha avolriog or comstruclive approach
outlined earlier. Thia would resalt to spasity.

We conjecture the nifficieney of thres engnitive mapy.
Fitetly, o Domain-Specific cognitive map that emhodlisg
the gemeric (Sowe 1984) concepionl formmilationa
charartariatic of tha fald of Ascourse vnder which
the problem mlving ek i to take place (.. physes,
claamica]l genaties, wlgeben), This reprasiis the tubor’s
Inowledge and experiie In the subject orem being
consilered. Seconelly, & Problem-dpeeific cognitiva max
thut meorporaies both geeric snd rferent {Soom 1962)
concepts involved with the nccesful solnbon of a
partienlar prohlam. Thin depicts the sintion mep
sasacinbed to ench of tha individual preddena pesssntad to
the oovies. Lastly, the spprorimation of how the novica
is thinking relative to the muccessfnl develnpment of &
achition to the peoblemn is embodied n what in peferred
to s the Neviee's Chain-of Thoxphd tognitive mzp.

This appmoach conxiders an sveriay [ Goidstain 1950)
or rubard relation between the toter's expertisg and the
siudent’s knowladgs This & further exhibited by ihe
stoctomm! equivalenes of the cognifie meps.  The
majw difference i in tha informebion eneoded within
the nodes of sach conceptual raocture za well as the fact
that the model of the student's knowledge o generated

during s parHcular session. _
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would bhe spprogriste to more sifusiioos than the
traditional probahilistic or Boyesian methods (Bandles
sod Kohont 1880; Bhatnagar and Kanel 1960) .

Tiow, copsider the scenario whan s novics presents
some pertial oc complete soution, peeceding the anmwer
with Maybe ot I #hénk The tutor sbould reediy
notice a lower degres of carinintgy: wwocinted with such
respocses, But how Is this to be roprwanied within
the cognitlve maps? It is amerted that cognitive mape
could he foxsifled by introducing sirength mensoes oo
relational lnks connecilng the semantically rich
conceptusl nodes of & map. A cormesponding femy
copxitive may clgehrs (Konko 1858) could be developed
to preciesly define iofermce  modaliies  within
the siructures,

In eormection with the conmepiusl structures used.-

in this sdy, only the Nowice's Chain-of Thouwght
cognitive map will be fozsifisd. The sther two maps

ramaln ¢risp sines thay are alraady establivhes facts and
are expected to be preciss and exsct. The measnres of
mirength are to be assigned by sone lingrietic warishle
(Iandeh 1970) Interpreter thet would appromimats
these waloss. Cerininly, n problem arises here — the
mwmrime ways to Dmplemeni soch an interpreter to
capiurs the vy grest wardety of discriminan: prineiples
utilized by tutors (Bandler and Kobout 1980a;
Bardier und Kohout 1080b) . Thim issue & crucial fior
implementing thew cognitive sructures, most specially
for the map-matching algodthm that would peneraie
dizgruowtic information based on the performance of
tha novice.

We point ot the feues of formulating » plsusdbie
mesamre of the degree of daetiood relailon hetween
pairs of copnitive maps under consideratiop. Such a
messore of noterisingy bos besn suggested (Baodler
anvl Kohoot 1580) in tamoe of the posmibility, r, and is
defined s

#(A C B) = ppm A

where uypmd dtnctes the memberahiy funciion that maps
A to the proer st of B. The value returned by ppmd
would depacd on the fsry implizedion qperatar 1tilized
to embexiy the ssld mapping.

The Te-Map Coufiguretion

Ralative to the cognitive maps discussed ssclior, thin
study forther seserts that sacoesesfnl mntomation of Bault
detection and error dagnosts of problam solving ekills
manipulatsone irroked by & predetermined map-matching
alporithm. Theoceiically, the cognithre maps must be
acceaxibly to the alporithm to allow the performance of
speciic funriiocs neceary to penernia the anpropriats
diagoostic remlis. K is covisloned that, ab beast
mﬁuﬂ;mﬁmdm-ﬂ'ﬂpﬂnwm
be catablished io fnclitate ovealsy-lie comparises
betwoen the datinct cogoitive mape oovolved.

Emuls Detaztion

¥ the cognitive maps were to be intnitirely charne-
terized sa opague nodes interlaced an & tranalucent plane
and the algorithmic manipolations ss s lght source, then
fanlt detection becomes streightforward. Paseing dbia
pordidoned as in & Td-Mop Comfpuration, would detect
deviations thet repeesent fanlts. These nepaiive o
aofigode: muet be noted for Dhepeetation.  This
Euggesis a correspondence with differrniial models that

120









