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A siErilation model of the aquisirion of rule knowledge witb visual h€lPs is desc.ibed in th€ domain of tle

opcrational knowlcdgc fü ABSYNT, a functional, visual progaDming languag.. Th€ kno*ledge

acquisition pcess is viewed as m iEEtiv€ two-stagp pro@s:

a) acquiring new knowledgE by rnaking usc of thc supplied visu.l h€IP Eatenal in rcsPons lo difüüil[es:

that is, in new si$atiom for which üe cu[üt krowledge is trot sufficient;

b) irnproving existtug kbwledge by desring wiü familia! t|cs of situationt.

The simul0lon modll was develoFd by prctocol analysb of orc single subject. T}le model describ.s 60%

of a continuous prtion of thc pror@I. Soole mor€ coarsc dlta from oüer subj€ts are atarvzd in üe light

of!rcdictims of the modcl. ftc Dodtl fiüth€r suggcsß how to continuously change the hcb @t€rial in

onbr to adapt it lo thc acrual knowtedge statc of th. lemer durinS the loowledge a.quisidon ?t@s.

1. I.t.oduction

This paper d€s.rit€s a simulation model of a hcb-guialed loowl.dgc acquisison !@ss in the do@in of

üc o!€rational knowl€dgc about the intetprerci of ABSYNT. This is the lnowledge about how the

ABsYNT'interlr€ter wüks. ABSYNT (Aöstact S,.tax ?@s) is a purely fünctioml' visual p.oglalming

languge developed in oü proj e.tll2,18,19,2L,22. Z3I ARSYNT is ainen at Nlponing tlE acquisition

of fmctional progranning concepts up to rccutsion.

The goal of our proje.t is ro blild an adaptive prcbleo solving moniff for Programing in ABSYNT.

Crently the ploblen solving monitor analyzes rhe stüdents' blueprinls, gives helps dd etu feedback,

tl11, t201, and [24], this volume. Our tutü€ work is aimed at tailorins malysis, helps, eroFfeedback and

rcason-giving closely to tlE actual loowl€dg€ slare of the student. For tbts we lersue modeling help_g ded

* rtris wort is sponiored by the Doutsch€ Forschungsgemeinschaft (DFG) in the SPP Psychologv of
Knowlcdge. Gmnt-no. MO 29 -3.
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knowledge acquisition ploccsses of rsal leam.n. This is iüpcrtant within incuigctrt help or ortding
syst€G t14 281 fo. coNtraining hypothcscs about thc &rual knowldgo stlrc of a le3ner [9], ,nd for
inproving th€ tiEing and contcnr of help [24] in ord€I lo dhan@ th. Ld6ß' consüuction of a mental

model [13] of "how-it-wüks"-ktrowledge and "how-to-do-il'-howledge n5l.

A! t[e domain for modeling help-guid.d ktrowbdgc lcquisitioo, we chose dl€ operational t]rowledgE at

ftrst b€causc a) n is bss conplex than th. progl"lmirg knowledgc, end b) we develop€d visual help

mat€riar for it (s€c below). Büt we plan ro transfer ssFcts of th. bod.I to th€ doMin of p.og.anming in
ABSYNT.

2. The Donain

Thc bodel to bc d€sc.itcd &als wiü ihe hJpoüetical opemtional lnowledg€ of a $bj€ct ed th€ equisition

of ltris hrowlci€! whilc the subjcct rim at€s drc ABSYNT-i .rprEter at the t rdinal, havirg e@ss to

ab$rad" visuat hclps. This stion scwcs ro cxplair üis acdvity.

An ABSYNT-progr.m constutN of a head tree and ä body tr@. Also, th@ is a slan Ee. ftob whi€h

prcgtms can b€ calcd- Tbc nodes of the tr€es ar€ comrats, pa'eor€ß, and priDirivc and ser-defined

op€Eloß. The conncctions b€tween ü€ nodes arc the "pip€lircs" for cortDl ud data flow. Progrems alE

editcd by taking nod.s with üe moüse ftom a ütcnu bar (se€ thc lowq and right margtu tu figE l) md
coßecdrg öm ABsYM-prograns a.e ilulElrrd in 1241, üis volürc.

Anothd ABsYNT-onvimmcnt consilB of a visual Fä.! which ws il4leDenl€d ecording ro rhe nnnable

slaitrcatid t8l of tle inlerprcter [23]. 'nle üac€ nak€s €vdy c@purational stlp of rhe inrergEter visible.

In th. ü-e., compüario goals Glmbolized by question tüks) dd obtain d valucs arc rEtres€nr€d wirlin
€&h Dod!. Figure 1 shows an exanple.

FiguEs 2r to d show different staEs of th€ tüc for a v€ry simplc ABSYNT,stan tre€ without tunction

Bcsid$ cdior and tre, thcE b also a pr€diction cnvionment where the le@er Eay prEdicr rhe single

slels of the ABsYM-interpEter by simuhting n wih üe help of nlolse and keybdd.
In a folnh cnvironmcnt, the stude cü tcst hlTottos.s about üe cor€ctess of he/his progran tm, 241.

Tlus ABSYM Fovid€s e iconic etrvironmeot in the sense of [10]. An ana.Iysis of ABSYNT in tems of
p.openies of visuar Iarguges is provided in [23]. We wil briefly d€sdib€ smc relatidshi?s berwd the

ABsYNT-envimünents dd so@ orhe. iconic pmgarnming envircnrnents:

The ABsYNT-cnvironne s difid nob PICVD I10l, fo. ex.mpl€, in thar ABSYNT is purely funcriotral,

and th@ e individual conne.t€d icons (nod!s) for operaroß, pal?melers, and consranh. In PICryD, the

icons contain op€rätoß togeth€r with thcn variable(s) and €onstanß; the syst€m is llowchar based.

BndgeTalk t4l differs from ABSYNT in that iß icons alE inrenElated plan piec€s. wheMs ABSYNT-
pmglns @ &ruar code. Planning ELs are used for anatyzing and sldhesizins ABSYNT-prograrDs tzl.
One ofoür €tro.rs will b€ to conver thcs€ n es into visüal planning aids.

d



FigüE l: A snapshot of the visuat tra@ of e ABSYNT-pmgm

GIL (Gralhical Instruction in LISPi t26l) diff€rs fron ABSYNT iI rhat in GIL, progam code ed
lnremediate computational .esults are both rcprEsent€d in a progtu gmph. ABSYNT-code d@s not

contain computarional esülrs, computarion is visoalized (figlres I and 2) in sotüale envimnments. Th€

flexibility in GIL to wük lop'doM, bottom-up oi miatdle-out is also a poperty of ABSYNT.

ln addition to üe ABsYNT-envircrmen$, rhe onnable slecificalons of !h€ ABsYNT,inlerp.eter were

translated into sets of visual nies (acco.dins to desisn princitles explained in [23]). EÄch visual rule

descibes some set of co6?urationä1 steps ofthe ABSYNT-inteDreter, inclüdirg bmnching, ftnction caüs.

abslacdo!, ud @üsion. The visual olcs sepc ß üe help oaidial the leaner may use ehile limlnatine

üe ABSY\T hßrprerer in üe ABSTNT-pr€dicrion ervil1)tEnr.
Fü exmple, fig@s 3 to 5* show the visual roles which desqibe the @mputational steps depicEd in
figws 2ä to d. One apllication of the visual rule in figlr€ 3 to th€ sitDatim d€licred in figuie 2a leads ro

figlE 2b. Then, üree applications of the visual rule iI fi$rc 4 iead lo figure 2c. Finally, appllng the

visual rule ir figut€ 5 leadr !o üe situation shown in figure 2d

* The visual rules wre implemented in I{YPERQ{RD by Klaul Dierer Fl?nk, but rhey arE nor so dericted
here for space ftasons. t22l contains HYIERCARD pr€senrations of aU visual rul€s.
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Figw 2a: beforc computation

Start

FiEüre 2b; rter applicätion of the
visual rule in figN 3

FigrüE 2d aftor aptlication of tie
visual rlle in fisur€ 5

and with only one prinitive op€rato. node

FiglrE 2c ater d)r€e applicadons
of üe visuar de in figure 4

FigüE 2: ABSYM stan tß€ Mthout firncoon calls
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Fulo 1: Cotrlputlng prlmltlvo op.rator

Siluation:
1. The ouFui strips ol a pdmiivo
operator nodo conkins a r?',

2. Th€ p mnivs opelator nods ls
nol än lF-THEN-ELSE-nods.

3, Th6 Input stip6 ol ih€
prlmlitue opa€tor nodo is empiy.

nod. (no IF-THEN.ELSE-nod,

Action:

wdle a '?' lnlo ev€ry inpd fi€ld
ol the p millv€ op€rdor node.

FigutE 3: A visual rule of the help mtcrial

Fulo a: Fetchlno lnput vrlu6 for

Sltualion:
1. Tha ourpui srripe ot an opsrator nod6 coniains a '?"
2. Any lnput li€ld ol the opelator node contrins a '?'
3. Th€ lnpul fisld of lh6 op€laior nods ls conn€cl€d
io anolher node which oulput st/ps contains a valu€.

Action:
Wit€ lh€ ouFur varue oi ins nods
conn6ct6d to th€ inPul flsld
lnro rhai lnput fi€rd.

FigurE 4: A visuar üb of dß holp Mbrial

3. Ah Earlier Study os th€ Slarting Point for th€ Model

ln u cüIid sftdy [27], 12 prograDming novices simurac{t rhe ABsyNT-inrerFete., pmvided wiü ihe

vtsual nl€s d helps on paFr. Irrc subje.rs wüked in dyadcs. E3ct dyaitc cmpu€d 33 ABSYNT-



Bul€ 2: Computlng prlmlllv€

Situalion:
1- The ouiput slripo of a primiiive
oP€ralor node conhins a '?"

2. Tho pimlilve op€taior nods is
nol an IF-THEN-ELSE nods.

3. Tn€ lnpul slrlps ol ihs prlmlilv€
opsraronod€ conialns valu€s only.

oporrtor nod€ (no lF-THEN-ELSE-nodo:

Aclion:
1, Compui€ the primiiive op€rator node.
2. Wriie ih€ value inio lh€ ouipui siripe
of ih€ prlmliivs opsralor nods.

. FiC'N 5: A visur.l nne ofdE help nraterial

prcgras in this way at the temiDal. Th€ ABsYNT-proeraibs *€re ddercd in 7 squenc.s of.qually

difficuh prograbs, thü i!, p.og.abs which cmpuration is d!rcribed by tte same s€t of vßual rules. From

one sequence to th€ nexr, diffiolty in(rused: Th. ABSYNT-programs contained so{le new concept oike

bmching, abstracrion and, fDally, rcoßion), and the supplied set of visuar rules els augmented

@üdingly. Tltc subj€cts werc i€e to make or not mak€ lre of üe ltelps (visual rules). In case of a

Dbtakc, fe.db&k was provid€d by the experitrEnt€r that the la.gt computational step perfcrbed was wong.

There lerc no tim limits. Thc subjcts w@ vid.+ and audiotaped.

Th€ subjccts acquird thc op@tional hbwledge for ABSYNT and got skil€d with thi! iask. Typicaly,

witlin a seqüence of equally dificdt ABSYNT-lrognm!, thc subj@ß start witn Duch problem solving

and make much use of the helps. Thed ü€ use of thc h€lp material d€crcases, and finally most of the

cooputatimal steps e donc quictly od witholt vqöalizirg, until a more difficult ABSYNT-pmenm is

!rcwnted (üe first pmgnm of the next s€quence. A computational $e! is every change of tle contert of an

ABSYNT-rcde, like filling in a @mputatiotr goal or a value, and cftating and deleting an incamation of an

ABSYNT-!og@) Within this trcw l€reI of difficulty. the same patrem then stans again. Theie 'i€re only

So tust there G situ&tims causing poblems. Ttcy lcad to gathcring of n.w idformation wlth the h€Ds.

saotrd, aftetrards th@ @ non-prcblematical situations, l€ading to quick !€rforoance where the help

mtqial is not n€€aled any more.

Staning ftom this obwration. we view dE äcquiaition of the operational knowledg€ as an itemtive t\lo'
stage process, which is lhe F.mework fü the Dodel:

l. Acquisition of nN ktbele.lSe. This is üiggeEd by dificulties 1161, or impasses, 15, 29, 301. In o.der

to ovd(re a difEolty. pmbl€n solving steps e p€rfoEBed by applying weel heüisrics 116l witl the use

of lh€ helps. The problem solving steps may l€ad to new infonnation. Thus the acquisition of new

lorowleige is vieN€-d als Dpase- drivet lesnine.
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2. InprorenAn! d existi^g knNledgr. Duc to praclis, the cxistiüg tnowlcdgc is Eorganiz€d so it cü h.

us.d rüor€ cfEcicnily. Thüs rhe improvccnt of.xiltidg knowlcdgc is i.ved.lt suc.s4rfiet leat inS

4. The Model

In de\€loping rlE Eodel, we lerfsB€d lhe folo{,ing stePs:

1. A conmuous pan of ahe protocol of one single subje4t of a dyade wat analvad within dte fta@wük of

inDalse'.hircd and success-alnven Laming.

2. A set of hDotheses .boüt rhe co ent and smrcturc of üe hypothetical domain-tpecmc (opdational)

knowl€dge of the subjet at €ach loint io ü€ kmwl€dge acqü1sitiotr Pt@ss wa! staLd.

3. B6ed on the caregcics of the protocol, thE seß of hylothes !€rE stated which !w aimed at *ho[v

coveiing üe analyud ?an of th€ ptorocol, leading to a verbal mdel:
. Hypotheses about the use ofdobain-sFxifrc t owledgd When are the helps ne€dEd/notne€ded?

Wh€n do difficulties üise?

.'Hnoüesesaboüprcbl€msolvingsteps(=alplicationofweakh€urisdcÄ)inreslonsetcr

ditraulri€s, and about üen resulG, including the acquisirid of new domain_sFtific lnowledge.

. H)pothes€s ab@t when what dmain-specific ktowl€dge is improved

4. Most aspeds ofth€ verbal bodDl wE isplemenEd, obtaining the sinuradon model

Thus the model incorporares the re8uleiti.s extracted ftom the protocol wlthin tte ftanework of impasse_

driven and success{dven leasing. The l@wledec acquisition pmcest is viewcd as a continuous chmgc ir
srncrw and content of domain-sp€.tlic knowl.dge, while the doBain indepenabnt knowiedge (i.e.l

making us€ of and impDvirg dotDain-spccific kmwl€dge; weak hcuistica fd dealing with domain-specific

problems) @ins unchanged We will now tatc up thc f@ stcps listed above.

4.1 Protocol AtralJsis

The daly@d protocol coven aboüt fou! hours of continuous worlong of on€ sirgle sub.iect of & dvad.

Sevenl cdvdtions were inüoduc.d in qtler to handle hd inFFctions üith ttE other subjed of rhc dvadE.

The pmlocol analysis Esihed in a set of p{otool cacgories for codrng. The bain protocol catcgcis N:
. ser€n dir€Fnt kinds ofalifficulties which the sübie.i encoDntm FG example, thee ditficulti€s are:

D1: A?plicability of a rule is uncl€ar. (The subje€t is ünc€nain whether the condition of some rule is

sar$fi€d or not.)

D2: Rul€ @Idition is not sadsEed, but satisfiable by sore orhcr rul€ That is, üe subjet is awat€ of

rh€ fet that üe condidon of sre dle is violated, but il is Possible to satisfy this condition bv

applying sone odE rDle tusl
D3: Same as D2, oxcept that the rule condluotr is not sattufiable by any other dr€ Gor example, dte

rul€ in fi$ne 3 is no! applicable to an if-then+lse-nod.)

'Ihe otller foor diffrcuties are: no nl€ fd a goal tie; action unclear ,nd negäti€ fe€dlack
! setthC a goal to apply a üle with c without making use of the h€bs.
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role appli€ations wiü or widnut naking use of the helps. Any codtioous seque@ of
cotüputational steps that can b€ des.tit€d by ono visual dl€ is cilled n rule application.

ln actllal coding, €3ch rrotocol categuy cdips ailditional infcmation about a) the pan of the rcn it rcf4
to, b) the changp of thjr scen pan d @nsid@d by the subject, c) the r1]re describing this chug., end d)

wheüer th€ subject makcs lsc of th€ helps by looking at !isu01 nles. For cxarylc, if the subject woutd say

in th€ situation d€pict€d ü figw 2a: "Maybe we can put ?'inro üc inplt sti!. of the '<?od€" wühout

using h€lps, then this would be coded a! a diJnculty D1, refeDng io a) the -<lnode widr an entty inlut
strile, which is b) consid€rcd to b€ filled with '?'. This chans€ is c) desrib€d by le 1 (figlre 3), but d)

the actual visDal flle is not Imked at.

4.2 The Hypotheaicd Domsin-sDecific Knowledg€

Tle hryothetical op€mtional tnowledge acquftd by th€ subjet at dy given point is reprcscnEd d a sl of

intemal rules: an intenal compoDnd flle dd possibly additional iüErüal simpb .nes.

An internal sinple /rle ieFesents acquited, but not y€t iüWoved knowledge and is atr abstract

rprcsentalion of the conesponahng visual rule. The acquisitioD of new lnowledee rcsurß in the @adon of

a new intemal simtle rule.

Aa inte al corpound ruIe rcWsents improved tnowl€dge. Knowledge imlrovement EsDlts in chu*ing

an irternar si$ple üle into the compound Dle. Th@ @ two diffeiEnt forns of an irlemal @mpoDnd iil€:
As long as the individDal etior steps of lhe @pound rukj can be arrplied in the sa@ üder fü all task of
rbe cl@nr scqEnce of €quaUy dificult ABSYNT-proerans, the inFrnal cmpound Dle is represetued as

the @ntposite Ll,2, l7 , 25) of two or more intemal simple n es. Figlr 6 shows the visual r€pi€sentation

of the comlosile bDilt ftm absract rcprcs€ntations of tle visual rules in figrires 3 to 5. The application of

üis @mposite to th€ siüration in figure 2a l€aab to the si$ation in figure 2d.

But if the action steps are to be applied in variable ordor (d.pending or the actual ask at hand) fct üe Esks

of the cürrcnt scqucnce of equally difficult ABSYNT-prc8rans, then tbe acdon pan of the inlemal

compoDDd rule @nsists of sDbrules (a siEpl€ version of the propotar of [7l). This "zre rcf' auows for

iterative action s€qwrc€s [31], it dercnbes $e conptation of ABSYNT-I@S of varying siz! by a singl€

coBlound rul€. Figm 7 shows dle visual representation of tle rule net bDilt frcn absrra.t rcpr€sentations

of rhe visud nnes in fignEs 3 ro 5, plus ano.her visual rrlle (visuar .üre 3) mt dcpictEd which pass€s

compubtior goals berwen comeied nodDs wiüin an ABSYNT-Iß€.

Intemal siryIe dl€s Day b€ Dcrged d new subrules into the nile rct. We vi€w this d procedutli?ation [1,

2, 251, since we repFsent intemal simple illes as fa.t!, bü subnncs as rules.

In oder to de these h)lothetical knowlcdge fom to th€ pmtocol, dte foüowing assigm€nts wcrE oad!:
. ThetE is no in@mal reprcsentation of a rul€ n€rer applied yet.

' If a nne applicadon is ?erfom.d wtich is desiH by a new visoal rule nei€I encountercd beforc,

then a conEspondrne inemal snab rülc h ctated-
. If a rule application is p€rformed wihoü a looh! in the helps fü the first tlne, then tn€ resp€ctive

internal sinple rule has been inEgr €d into lhe intqlal @bplMd rule (composite or lllre neD. thus

as long as appllng a rule always rEqui'es the helps, the rule is viwed d an internal sirnpb nne.



ComPoslle ol vlrual

Silualion:
1. The ouipul slrip€ ol a Pimillv€
ope€tor node contains a "?".

2. Th€ primiüve op€raior nods ls
not an IF THEN-ELSE node

3. Th€ input strips ol the Pnmiiive
operaror node is €mPly.

4. All inpul iiolds ol th€ Pimitlvs
oPeralor node äe conn€cld lo
anorher nod6 which oulpui strips

Action:
L wrire a '?' inlo ev6ry inPul lield
or lhe Pimlilvo opeßtor node.

2. wiro the ouiput valu€s of the

connected nod€s into each connecl€d
lnpui lield o, lh€ pimiliv€ oPeralor node.

3. Compuls the ptimlilv€ operatol node

4. Writ6 the valu€ into ih€ outpul siriPe

or ths Primiiive oporator nod6

Figlre 6r Visual r€presentation of th€ coroposite built ftom ebsEalt rcPres'ntations of the visuäl roles i'
figlres 3 to 5: Rules 1, 4+, and 2. ("+" is an abbrcviation for on€ or more ole tuings )

4.3 The Verbal Model

As mcntioneal, thr€e sels of hnothcses about the knowledg€ ac$isitidr prc.ess wcnt öturacted' Table 1

shows an exampL from each set, stateal as if-then-rules. For each hvpothesis shown' the number of

sDp?dting and irisconfimirg case! ([6], Ch 5) it thc Fotocol is Srven Altog€ther' there are 20 strch

hlpotheses, süpponed by 397 of 474 cases.

The frst set of hypotheses (6 "applicafioi hlpotheses") is concchcd with thc activitv just after a nle

alplicauon: Depending on the actuat hWothetical oFrational knowledge, does anoüei flIe applicetion

occü with or with@t rnaking us€ of dle hebs? Dcs a difdcultv aise?

Tbe second set of h'pothese s <8 "ptoblen soMng htMh.s"r") is c.ncemed wiü Poblem solving sbps

and th€il r€sults in reslonse to diffe{enr diffiollties. We hpothosized problem solving steps äs

"cometors" betwe.n cenaln protocol cat€8qi€s. Fo. cxample, if a dimcuhy D2 is folow€d bv another

dIficnlty or by setting a goal which is conc€med with satisfving the violat€d condition' then thc lroblen

solvirg step "wotking backwatd" was assigncd- A problen solving stoP atay tenove a difficultv, resutting

in a goal to apply a cenain rule to a cenain pan of dle sdEer. Addilionalv' new knowledge nay be acquiftd

(see lhe "lnowledge alquisirion hypothesis" bclow). But ä ploblem solving ltep mav also lead to ve1



Bulo nst, bülll fron vlluat rulo. 1,2,3, !n.t 4

Situation:

Tho curr€nlly iocussed 116€

. Primilive operalor nodes
(no IF,THEN-ELSE-nodes) -rewqt

Do lh€ rollowlng 3reps !3 tong a5 p6stbte:

.ubtule 3: subrule 4:
.ub.ule 2: ll an input ff€ld lr an input neu
[ än outDut srdos coniainsa'? äod @nrainss ?'and
onl,tns;.?..; rhe connscied oul- üe conn€cied oui-

iRTeigtr":: 
lur srdp€ s 6mp,y. 

.3,J""Ji:" 
-"i""

l-varuesonry. (-t (.,.,-t
>'-<- '>--J-2.' 

-J-,/'
6sl-jsd.l (J-? L) /' l ? | :\rE tE tg

Figrc ?: Visual repres€nrätion of the rule trct builr ftoü absttacr represenrarions of rhe visual rüles in
figurcs 3 to 5: Rrles 1, 4. 2, llus rhe addirional rule 3 (not depictcd)

I



Table 1: An Applicatioq Ptoblen solvinS and Ktowl€dge ImFove@nt HvpodEsir

If .--

An r üe intemBl coryound nlle
aDblicaron allows fd a sequence of rwo or
hliothesis. mole rule aplli6rions.

then th€ next iule apPlcadon
will be lerfsEed without h€bs.

191 21

If rh@ is a .üficLnty D2:
a nne @ndition is not satisrted
bur win be latisfied if snE
other rDle b applied fi$!

rhen the DDbleo slvirle st D

"work b;twad ,s aDplied
in order to find a rde sa!t_
fyins the violared coadirion,
d$ltins eidEr in scEing
a 6.1 ü in a ne* dlf6culry
D: ü D3 for üi, orhü rule.

18

Ifatrinten r simpl€ rule has just
b€n crcat€d (a rcw, nor )tl
encounterEd visuar rul€ has just
b€f,n apllied), ard ooüer nne
differhs onl y in the r€qujEd qT€
.f ABSYNT dod. or rE is arrcady

ldt of the irtemal @mpound nile,

üenü€ ßwi ehal sinPle
rulc b..ores also Pon of dE
cdDound rule (Dc appÜcaion
of ths rule without usirs helP!).

The üid set of hnotheses ( 6 "k0||bdse ifuprcternzat hrpor'"res") is concemed wiü üc question when

an intenal simple rul€, suppos€d to require a lmkup ir the hebs, is mait! palt of the inlemal coblound

rule. so üe rcxt titr it is aptlied *iüout brking us€ of the h€bs

Finaly, üother hytorhesis ( " knowledge a.quisitb^ lEpot'6ir") si4res that if a goal has be€t set ro e?Plv a

new visual rul€ ofth€ beIF neler encoütercd bofors, thetr lhis n e will becosle an internar simple dl€

4.4 The Impt€mentalion

Althoueh a cmposirion methoai has b@n inllemeüteal, the sibulation model (in PROLOG) curetrdv

con|ains only the rule ftt. Thc model ptnicts ditrerent difhculues' set goals and ole applications with or

wirhout hclps, based dl the h''Poüetical actual knwledge sd tlle a?plication' problco solving' trowl€dge

improvement anal knowledge acquisidm hnotlEses. 'ne End€I pro'a€ds mughlv as follows G@ fieurc 8):

a) A ?lan is cEated (or augmctrte4 iJ alreaalv existing) It con$isß of a sequetc' of !18ned rüle

applicatrons, containing intemal sinple flrles' subrules of the Dle ne! tr new visuat itiles

b) Depending on the prop.fü€s of tle Plan, the next llarn€d tule aPllication is p€rf@led without or with

hebs, d a difficdty arises, as sp€cifEd bv rhe ap?lication hpoüeses Ther€ n)ight also be 1!]m plamirg

c1) After a rule applicarion wirhoDt helps, th€ model iosuüIes with ste! a) or b) (dopending on wheü'er

compDtation of the cunEnr ABSYNT ?rograrn is finished).

c2) r a rule is apllied wiü helpr, the rul€ ßay be inpm\€d bv proc€duralizadon (= b€tore a sut'rule of the

Ilre net, as specifFd by the knowledgc imlrol€menl hvpotheses Thcn tle nodEl continEs as in steP cl)'

c3) A difficürry dggers a lroblen solving siep (€.g. "working backward"' "trial and emr")' as speifi€o

by $E problen slving h)"otlEses. This resulß in s€fling a goal (step d) or in vct another di6culry'
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funh6. aFcß (spoctlied by

O
E
trI

slal€s: oropsnis ol curßni hypotrticEt kndtedg€ änd ot l*k.6p€crtrc i.forfalbn,ilclldilg .ho computalonat sial6 rur.n y v,sbt6 on lh€ scßon
Pr@o.66s / ac0vlll€s tor which lh6rc ar€ no pDt@ot cat€goi€s

Prcc.ss.s / activ i66 cor€6Donor1g lo prolo.ot cä,6gor.s

.N\ x"*reos.."qusrs ." @
Knowleds€ imDbvem.nt

Tho lab€|. a), b), cl). ... rär.r io jh6 l€n.

EBre 8: Bdic procesinS cycles of rhe siDulrdon modet
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d) ff a goar refcrs to a new, not y€t crcounter.d visual flIo, then the knowlcdg€ acquisitio hlpothcsis

Äpplies, crcating r conesponding tulenal sinple rute tpplicd widt helps. So thc modEl conmues with stcP

c2), lcadiry to pGsiblc imqmvoDnt of the ncwly acquii.d intcrnal sirdplc ttrlc.

Thus, aturing computation of thc ABSYNT-prcgrarn, the hylottetical operationd knowledge changes

b@use new visuar rur€.s will b..ome inlcnal sißple rules, a.d int€nal simple n cs wil b€come subnlles

of the rule ne! So coopurldon of rhe ncxl ABSYNT-pmgram of a giv.n level will irvolv€ fewer difficurdes

and fewr use of the hclps. Theft will be not! id€ applicarions witüout helps.

Anothcr feature of thc ood.l is thät if th€ rule nct is algnentcd by a rcw subrule, dler tE condition of üe

rDIc n t tu genenlized if n€ccasary. Thct! is also a mem€dy fq certain difficultics cncountered in thc Past.

Thus tnowlcdge &bout what ,d to ö is gaine4 alowhg üe model to avoid cciarn difFculti€s later on.

F6 illünmrion, table 2 shows thc PROI-OG Eprcsontation ofüe problcn solving hnothc$is of table l.

5, EYdustion of Aspets of the Model

We compaEd a run of üc oodel to a continuous ponion of thc Protocol of thc comlutadon of two

ABSYNT'progalns including füction cals. The Progl?lns wcr€ thc fEst two p.o8rüs wftnin a !.quenc.

of equa[y dilncdt ptogtus, and nany difficulties and problcE sohlng st Ps dos A prediction of a

prctml catcgory by the $odel was consüler€d as cor,ct if th€ prorocol cat gory and thc additioüal

i.fmtion about it (s€c the se.tion on pnlocol analysis above) {€re plldict d con€cilv. The analvzld

lonim of the protocol conlain€d 96 protocol @t€gories ?2 of tbeb werc exclud€d from this considEEtion'

since tüey werE not prcdrcted con€ctly only because of an imtrdiately lreceding Etupr€ahcdon. 45 of lhe

rcßaiDing 74 categprics (61%) wer€ pcdict d,leaving 4 c()lmission eroß ed 25 omission effis.

Tl'e deviarions of the model ftom the protocol @ due to mainlv th@ rcasons. Fiß! as nole4 nor .ll
es?ects of the veöal mdEl are implement€d yer Se.on4 lotrg Problem solving s€quences wh@ th€

subj€ct struggler fü wne time, ruming into s€verat alificulties, caule tloublc. In panicülar' üe ßodEl has

trouble if the subjcct "juüps arcund" in the ABSYM-tr€e, focussing mprdlv on differed Pans of üe

ffirn. Ihind, the i$se of a memory for difficulties encountcEd .arlier is dot 

'€t 
rcsolveal

We also a.selsed the generalizeab ity of alpe.ts of tll€ Eod€l over subj.cts bv evatuating s(m model

prdictions with mre coaNe drta from diffe.ent subj€cts of the inv€stigation. Since the aPplicaion

hypoü.scs pRnict dif6cultics ard rule applicttios eilh / withour h.lPs, wc eapect d thtl
. in a situation wherc an application h)"olhesis applies which prcdicts a difficulry, mu€h tine is

ne€ded (fonowing t51, p. 41 1). Arso, the helps ar€ uscd

' in a situadod wb@ an application h'"olh€sis applies which Ftdicts a nn€ aP?Iication with or

without h€lps, l6s tise is ncedtd The helps atE uscd ü mt use4 rEspcctiv€lv

Taöle 3 shows sorc aggEgatedrc$ s lrrey dtatch wiü d!* PEdictions

A sinikr analysis wd done wih üe hlowledg€ impmvenent h'polhes€t. Thcv Pr€dict th cen&in nlcs

@ alpü€n without hcbs v€ry soon (sce ü€ rnowledge imprw€rdent h]?oth€$is of lable 1' wbich PFdicts

lositiv€ transfer, b$.d on similarity of a n€w and an alr.sdy inproved nle), while oüer nles rEqut the

hclps for a long dme. Acods cubjects, fo. 14 of 22 rules üe alata correcponded lo ües€ .xPectations
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Table 2: PRol,Oc-repres€Dtalion of rhc problen solving hrpoüesis of table I
PROLO{]-C6d€:

sluation(d2,tNode l,Rüe,Node2l) :-

sübgoal(Nodel,Rule,Node2,strbsoal),

rule(rule_n tr(R),codidon(C),action(A)).
on(chtuse_to(Nod._berorc charse,

Node_oJrer_chan geJ,Ar,
cobpar€(Node I,Node_bef ore_chansE,[),
cobparc(Subsoal,Node afts cheqe.f l),
test-condition(Node1,

nle(rule-name(R),condition(c),
action(A)),Ditrerence).

rcsult of problem_solving(it2.
tNod€ 1,RuIe,Node2l,
tNodel,rule(IS,R),Node2l,
Ditr€rüc€).

tEsul!-ofurrcbl.D solving(Diffi culty,Ol4
[Nod€lrule(V,R nme),Kn2],Il, r

changE(dif Ecurty_crlool@if ncDrty,Old),
dif fi culry_orjorlGoal,
INod. I rdery,R_narne)NodE2l )),

g€ncrdliu_cond,of rulo rct(V,R name).
situatiü(sool,lNodehrl€(vß_n.ne)J,lode2).

Fsult ofjroblen$olvitrs@,Ol4New,Differcnce) :
on(tx,nodc ty!c(Y,Z)l,Diff@ncc),

charse(dif hcdty üjo€l(D,Old),
dimcuky_orJoal(d3,New),

situation(d3,New).

resült_of,prcblem_solving(D,Ol4N€wDtrerence) :
@r.nr_oltield(Differnc.,Bindinllisu,
oi(tEleneDrxl,Bindins_li!r),
on(Elcment,lempty.qu€srjon_mgk,valuel),

chesc(dlfr culry_ü_so6r@,OlO,
dif üculty-orloal(d2 J.lcw)),

situation(d2J.lcw).

ffadifto ty D2 has b€en notic€d
(applying 'Rule" io "Nodel " would lead to
"Node2", but "Nod€l" does nor satisfy "Rule"),
- then set as subgoal a modificd vnsion
of "Nodel" (='Subgoal! such rhar "Subsoal
wil satisfy üe Condirion of 'Rul. ;
- find sotrE visual flle,
which in its action lart chüges sme
ABSYNT-node such that
üis action is applicable ro "Node 1 '
od "Subgoal" can then be rached;
- and if sDch a visual rule has be€n found"
rhen test iß @ndirion parq obtaining a
ditreience lisr ben'en condition and'Nodel .

and this pDblem solving step üEy lead
to some fiflher rcsull, de?ending on the
Dture of the diffeiEnc€.
Ge€ "Esurt of_!roblerLsolving(...)").

If rherc is no difelence (D betw@n a nte
condition ard an ABSYNT,node,
then rcpla@ the oriEnt difficulty by
setting a goal to apply this rüle to this node,

dd genenlize the conditiotr of the rde ner ,
and ldsue lhe goal just s€t.

r there b a difletErcc bctsten a üle
condilion dd an ABSYNT-nod€, such tlar üe
typ€ of the nod€ (e.9., IF THEN-ELSE-DodE)
cünot pGsibLy $tisfy üE rule cmdirion,
üen replace üe currenr dffcdry
by dod'er drfüculry, D3,
ed p€ßue üis difficulry.

r there is a diff@n@ berw€er a nne
condidron aid an ABSYNT-node,
such that some @rtcnt of the node does sot
fit rhc nlc condition (the Dle is satbfiable
by obtaining üe rquirEd contenr,
applying sone oüer nl€),
then Eplace ü. curlnt alilfrclilty
by eorher difficuity, D2,
ard lctsue this difficulry.

Table l: PEdictions of rhc appüc&d(n h'lol|less otr a c{Eßr letet of alatysis (difftcuttyt rute aDlticarion
eith / withour b.lp9, and corespddirs r!$lts (helps uc& rime ie€d€d)

nub.r helDq used in
of@scs üeie cises (%)

b?othesig

(r'6die)

26.4 se'.
13.3 se..

80%
57%
1a%

dilfrculty 67
rule app[@rion with helps 87
rule apllicarion wiüoühelps 158
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6. Discussior

The simulation ßodel describes a continuoüs knowledge acquisition and problcm solving p.ocess of ä

single subject in tec of inpass€-driven and success-driven lemitrg. Colnpadng th€ model tct a ldiotr of

üe protocol $how€d the degr€. of fit, but alto the crent weaknesses. A coarse analvsis of the

sener.liz.abiuty of the model doss subjects lcd ro rcsuts which sc€m to be encounging both for

coDtinuing dle work on the bodel, and fo dPdiDentaly esdng aspets of ihe modd.

How do€s thc Bodel iElate to sonc otEr work? CoMing inprlse-drivcn lcamin& üe min sirnilanty to

Blown & vaa khns repan ü€ory t5l is that difficulti€s ("impass€s") l€ad to dle applicttion of weak

oethods whrch @ aimed at overconjls öe difncuty (se also 116, 301), folowen bv some ovdt acdon as

wcn d a secondary inlasse. Bloum & vü Irhn alo not dircctly adress thc 4qüisition of tcw hrcwledee

Out t29l) and kmwledge inprov€mdt But rclair th.ory is constnined bv morc genenl Prbciples

Concening succ€ss-driven lcming, we med rc inccPamte aslects of tnowledge coryiladon [1' 2' 3' 25]:

compositior, proceduralization and g€neralization. Procedüalization diffors from Andersons

concepualiation due to üe nn€ net in our mod€I. Our tnodel does mt contain nte $trcnelh' as lroloscd

by Andersd. Blt sorne of üe Dislttdictions of thc Eodel suggest rhat lhis is ut€tu1.

A trihq nryücation of öc Imdel is tha! it suggEsts how the h.lP dateriar niSht h€ hproved. ff tt!€ learner

is trot sure about applying üe compound rule in a n€w situation, then it would se€lt apPmPriate if dle helps

al€ atla?t€d to hls / hcr cDrcnt knowledS€ s&te This would @an ro augm.nl the helps bv a visud

compoüd rules ar th€ ds delicled in fi$B 6 and T Thus ir is lossible to uilor the hel! mate.ial to ile

knowledge stare of the lcMd, and to empirica[y lest whether tailoGd helps arc re3lv more helpfur.

Anot!€r implication com€s ftom tlte id.a üat tD acquisition of new loowledge is difEculry_öiven. r theE

is a hFothesis about the hnwl€dge stare of a $ubject at a given point (for example, whether a difficuhv is

encoütered), then lt cm be piedicted whether tne subjecr $,ill a@ept or even acdvelv search for nev

infonarid t20,24,301. This is importdt for tüning hebs in rDtüial dialogues.
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