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Fü approxinately tcn yelrs compüior aid€d lnowLdge conmunicrtiotr disaPpeard fron üc tos.@h

scene. Todry it hd b@n rE.stabthhrd mde! üo abbEvi&tiotrs of ICtl (Intclig.nt CooPuler Aided

Insrruction), PSM (Ploblen Solving Morilols) or/"S (Idtelligent Tuto.itr8 SystcEs) with regülar

@nJ@n@s, rcsearch joümals and tcxtbook tr,2,3y',51. The ditrerEncc bctwEm ICAVIIS and CAVTS

w4 pointed out by t6l:

"Icd is d €d€rging neld üat ir illidncd at prDstu The distincdon b.tw.cn intcuig€nt CAI systems and

coDputer-based iNtruction progrnos cmot b€ sharply dmwn. ICAI progrus us€ AI plograiDming

teihni$res and ale imllenonLd in laryuge, a! LISP and PROIOG. Dcvclotd of ICAI sy$ems focus on

Voblerncot ktuJ*bdge rcyesent4tnn, sad.nt nisconceplons, end i4f.rcrci^s. By and large, dley have

ignor€d insmrctional ücrcry and past Es€arch findings in compllEr-based instructid."

This pa?er offcrs a eodtdbution to ICAI. Wc Fy to dcDorsbate the improvement of ICAI by the

dEv€lopD€nt of an itetuetue hclp ryrten, which ch€ch b'pothes$ lostulatr d by rhe uscr during the

I Thir rer€arch *?s aonsorcd by rhc Deulffh. Fm.hungsgemeintchafl (DFCI in tltc SPP Ktowledge
Psychoioay und€r conrm.r m. MO 2923.
2 we wor ro thoL Klaus D. Frant for malping ve al problem solving episod.s to the g@ls in Lhe toals-
means-relarion (GMR) and Gabj Jai*e fo' reachitrg students ABSYNT. Polishing üle interface tras öne by
cabi Ja*€ atrd Klaus Kohnen. Klaus succe.dcd in interfacing lF-holog to tnrerlisp/leps, so that thc
GMR could be used by dle snrdents.
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Foblom solving pocesr. Thc sys€rn is capnbtc to ccogltzc evcn incobPlete gopossls üd contains thc

tnowledgo to g€nemte coüplct! soludons of th6 Fogramning ta5k5. Thus üe in@mctivc help svstem

adaptivcly sülpüß tltc planning activili€s of lhc u!!r This is done by t gcls-mclns-rllttion (GMR) \rhich

cmfains the domain-kmwLdge to ar&ts. sd slnthesize ABSYNT-progrars. At the pr$entm@nt

this knowlcdgc is work€d oüt for 37 tasks in oü cudculum and is condons€d into 462 rulc$ Tüe

@hplcxity of rho solution spacc is rath€r astonishinS. Thc sys@m tu capabL to rtcognize atrd g.ncrate

sevelal m ions of solutions evcn if lh. hcight of ABSYNT-EIGa is rlsEicl€d lo frve nd!s.

It has been showD by our empiricd rcscarch that cspeciaüy novices devcloP rather unusal solutioN if dl€v

lsc local repairs or patchcs in o{dcr !o d.bug dren pro8rMs. Our psychologicar phil$oPhv is to stimülate

qptotutive leaninS but guid€d by oDr help system. That is the PSM should fitst encoMg. the problem

solver to pmgam a solulion of tll€ problcm er€n whcn the pmgram is suboPtisal h ! sccdd step üis ftsr

solution wiu bc criticized and modifi.d in a &torial dialog accorahng lo €ffrciencv and stvltutic slandaids'

Sq rellanning is stimulat€d lalor.

The GMR wiu be improved in the n€ar futw under abv.loP@tß is s. rule'conposition leomi4g

n"cnrntru t?l which will bc usful in inp(ovirg tllc sp€.d of th. help 3vti6m ed in ialentjfving F€f€rled

solution schemes of !scß. Füictmorc re Plan to intcgalc s studeü ttudzl whrch lcquiEs hoi'lcdgp

abolr tle rdults of th€ hypotielis t€sting process. This knowtedg€ will be used lo select thosc

progrMming protosars fion solütion sPaci which contain Problem solving schemcs thc us€I has used

Ou! rcsülß can €asily b. generalized to doMitrs whcre m€ds or action$ cd be nFesetrtcd bv lee-Iike

fI6s: rcottstue atnot seq/erces l8l.

In rhe ta$ pan ot the lapcr w. will dcroonsrat that tllc GMR cm be uscd to äsaibe problem solving

behavior of novice ploglrlDqc. It is shown that it is possible to map P.oblem solving D€es like

vcrbalizations and p.ogrming acdons into goals of the GMR. The s€runri.r of these structü€d nodes

aad üen pslchologic.l " rcality" vtill bo a rcsearcb topic in the future because thi! colld eale the

develolm€nt of explanation üd dialog componenls of the PSM.

2. The Probl€m-Solving Monitor ABSYNT

A spccial variant of ITS ar! PSMg that at€ designed wrrh Esl€ct to cenaü tasks the uld should lcan to

solve. Thcy provide the lcmd with a probl€h_rolving envüonment inclüding helps but no cutticulai

componenr. ABSYM b€longs to this category.Its task do@i! isJun tioüI ptognüni 8 coBlamble to

püe LISP without the list-data struchüe. ABSYNT is a rirxd t'reJtte progEiming larSüage (AB$mtt

SYNtar Tr€!s) bas€d on idets published in 8€dan school [9] ud ünive.sitv t€xt books tlol Funher

ootivation for thc desi$ of ABSYNT is given in t l1l, I l2l.
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Büic Eseh rlcalinS with rüe dcsign of dD sy$rcn fton 
^ 

ptlchologlcal poitrt of view is d€scrib.d itr

I13l - I lZ. Figw 5 snows üc interfa.e of dte progMitrg cnvirorEnr when a shdent has progranned
a$mng 'solutior" oftle problcm erer.

3. The Design of Helps in ABSYNT as a Twofold SJnchronizrtion Problem

The psychological cfficicdcy of . PSM depend! to a gEat exl€nt or thc qualiry of iürructions and hetps

built into the systeD [13]. To pDt it short "W1En are helps useful ed whcn @ thcy dist acring or
inhibiting." The ansqe cenai.ry dep€ndends on üe knowled€e stare of the problen solv6 md thc staE of
üe pmblem solving pr@ss. Boü coüeü and application n n of the inforbatio tavc to bc chosen

caEtutly. Ths the ilesign of helpr is a paradignatical r€s€mh topic of @gritiv€ dd compulor science

I18t - 1241.

3.1 Tüe Design of Help! wben Acqüiring Knowledge sbout the Semsntic$ of the
ABSYNT Longuage

A nec€ssary prerEquisite of programxning is sone howledg€ about the synrax ard senantics of üe
lmgrage. In the fi$t period of oür project we conc€nFated on the acquisition of seDartic knowledge. The

s@tics of prcgrming languages can b. defined ir thE ways t25l: (a) the o?erätiorar approach, (b)

the denotational apprceh md (c) üc dionatic approach. W€ chosc th. opcraridal apprcach bccause ir
s@bed o us more suitable for novics thd üe orte. approach$. The behavior of the ABSYNT interptEtü

com?uting ABSYNT programs was rc?escnßd by rwo-d1mensional visual rules which serv€d as

iütruction and lEIp malerial fc ABSYNT us€ß t 16l.

In a sludy of üe instrüction-based hrowlcdgc acquisitim proc€ss [26] we found üat the acquisition of
sebantic knowled€e could be rlEwib€d by a t*o-stage processl

l) Ktuwtedse enbsa .nt $mugh inpasse-ddven lcmins GDL) t27l

2) Knowledge ,pniaiz4rian ürcu8l successnriven t€nning(sDl) t28l - t311.

According to IDL- od SDLtheory and our rcsults w€ have strong evidence thar problem colvqs prcfd to
accept help bJo@tion in Foblem solving situations vhere an rzpa$? occrfs. During the loowl€dg€

optimization phaF new bfomatioD is usüatly ignüEd.
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3.2 Th€ Design of H€lps to Acquire Plrllnirg Knowledge whcn Programming it
ABSYNT

Even mot! impodart fd th€ pmganning novice is a help system which dbodiespjat 48 lnowL-dgE

Herc too, we fa@ the twofold sFchronization problem : co tent and qplicatiot ti e 6 f@dback

ilfc'n ti6 <-->k@wledge $ate ofth€ stud€nt

The !rcsent stätus of the hcb $ystcd impleme €d so f.r is a consquence of somc postulates. Th€ heb

. d?ger, goal', i.|lntioN a the lnoe,lcdge statc ofdle pioblen solva

. connüüxte rLew lcrßwlcdgc (holpg otrly in sensitir€ tibc lcriods, where the problcß

sohE is willing to a.cept $ch infoibation t27l

. gath.t \tw tutu on\nE to adapt thc u!.r model contlNously

. etubody erlcnknowLdee to errect u!.rprDlosals and 8?t?t r, helPs or soluliong

. .lzlivet o y mininal i{,'omzt!ot sothatthe snlabnt is abl€ to leaYe üeimPds
situation by imFoving bis prcblem solvinS skills

, 6et the envitoü ant tD ch€fk vuio\ts b'lothesis about the usefinncss of several paits of

d,e piogam

the la.t ront is rathd imponaft Cont ary to s@e authors (e.g.t3zl) we üink that somutic errors often

can ,ar be locauz.d to a line. Most f'nEs the proposal of the usd as a whole is inconsistent with the

protlem duc to its goal strucnue. Repans should delend ot those pans of the prc8ram which üe user

wan$ to rctair. So we developed oDr holp syst€üt which is alnven by hypotheses of the student aboüt üe

coüecr^ess $ 6dllre$ of program tugm€nts This ifiemctive i)po.r"rr:t dnve, apProach is mlher

different ftom oüer sysEm lnovn ftom lißtatui€ t32l - t37l

Oü ars\+€r to ttc above describ€d lo3lulatcs is a help systcm based on the CMR This rclation can be

tooke4^r8a le-based i{ercM slsthl38\,iqtorMt l39l,t40l ot M ANDTOR-Gruph I4tlwith

A srdarl cx@rpt ofüe AND,4f,R Snph for the goal evea(Subsoal) is showr in fi8w 1. The s$a'e nodes

contain goals which colreslond to ABSYNT opemtors or oPennds. The roüd shaled nodes e
palanetrized goals c schemas whlch havc to be funher cl$oEted in the progtaboing process Becausc

nodecoftheAND/ORsrÄphcanbela.dnciiadforsubgoars,thcrclationenablcsa,r,lrsisadsrßhesls
ofpanial and lotal solutions.



40

ins(dop_nrc(s),@nd(rru.),
branchn9{s'oo on.(s).cdn (i,1,.),

svsn ra 5r r6cursron{s

nq(sroo,.bls',cons(tuo),
6vsn slow r.cursion(s)) p_nrnco..{s),coin(t'is),

branchinq(srop zorols),consrltuo).
.von r. sl r.cu rsion{S

6v6. sloy r.cursionls))

braiohh9({op,z..o(s),.o.r(tu.),
s!e n ta6r ro0ur.ron(s€vsn-6roy rscurr o.ls))

.$l.q(doubl. dop rsrc on.(s),
v.ru'_2.rc_t_ono_(s), rchrns(sbp_brc(s),mffi (Lu€),

odd(sr.p-down-on.(s)))

ins(doubr6_3bp_mr.ßon._z.b(s),
varu. mlnuson. r:oro ns),

Fi$üe I

I! is pGsible !o d€rivc nlcs fiom tn. gBpll A rulc corsists of a soDrce nod€ (upper nod€ in tne gra!h),

sink mdeG) and dle conn@dry ltuI(s). For d.DomFrtion ?üpos€s w€ rnalked two sDbsm?hs in fisurc 1.

The conEsponding ruIes e slowtr ir "aninadon style" in figures 2a and 3.

Rule: "Planninp an Abstraction on rhe Language lrvel"

Cllrüdlt

Figu! 2a



IF

THEN

AND
IF
THEN

Fieue 2b

Ruler "Plaming an Abstraction on the Goal l-evel"

11

dle mein 8oal is to program tA. ee.n wdidt4 vhi4h can bc &ppue.t to o

the solution of this goal crEpris€s the folowing seps:

sebcr forrhe roor of the ABSYNT aE a highd o!@torwith an optional NAMB (e.& fo)
which mrsr possess thc mcaning (s€mutics) of the even Wdicate , elüer u a al'! dy

pmera$rned ftnction or as an ]Et !o be lrograbmd firction
lca|e spare mnß worksht'rof ü,e ABSYNT dvirMent for the 

'tt 
to be ploSrallmed

yoür next plamiry slep i$ ro !trog.e th. subSogl

the solurioD of this new gorl is Ä subtrce which can be ins€n d in the solu$on of th€ main

goal

IF

THEN

AND
IF
THEN

Figus 3

thc mlin goal is ro progla$ üe .ven preöcate fhich can be applie.l to s

the solutiotr of this goal coülrises üe folowing st€p:

I€dre spd.e in the worksh€€t of üe ABSYNT envimnrnent for the yot lo bo proglun€d
ABSYNT tß€

your next tlaming step creates the more diferentiaed A\lD eoal Ee. braüNngi,)
the solution of üis rew god is e ABSYNT tree which cd b€ inserted in the solution of üe

main goal

lr I

I
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This apFosch is diffetent ftom other systetus wlth siEilat aitr t32l ' t37l Due to is fetl'tliry it se€ms

ro promise sone lositive consequences for the notivation of the problem solver and as will be described

below. for tle &quisition of Ploblen solving skills.

Oltr work rests on the inposse'driYen leanins theory GDLT) 1271, I30l' t42l wlen rh€ student

ploerds a llotosal. wlüch is diagtosed by tlte ITS 4 srong, s/he is tnPped in an ttP6re According to

IDLT s/he i6 low s?rstivd to a€quirc hel! inforDation. This sloüld b€ assimilated in an etive act of

probl€m solving. So s,/he hd ta propose ai il)Pdrrdrt about the üsefulness of parts of hcr/his Proenn
'll\e Jeedback of tE sysrn o tltrs hFothesis cs then be ftluilRÄ as heh itfomadon which cu be used

by the suatent to circumv€nt hiyhei inpasse.

Etrots i iüctional prc!tufut are oft€n diJficult lo locali4. This is tru€ for most nonsyntactic bu$ OfEn

rle only trossible aliaenosis is : The goah vaflous Pans of thc progam computc e inconsistctrt wlth thc

maln SoaL In fi$]1E ,la we havc the impats€ situadon of a stualent lt is an iMnsittent iltPlemettation of

the "cven' gorl. There arc scveral possibilides to tocatizc bugs and to r€pat this prog@ The

prcg.ül)ß'et's ktuwledSe 4'd dr4t cs be ücd bv our heb s$tes'.

The progrmer has to put fo$ärd lositive ü negative hpothes€s lik€: "l !rcsüle tlar this marked

slbdee of the plogrd can b€ emb€alded in a codect solutionl " or "I sus?e't that this rnarked subd€e car

not be db€ddEd in a corr€.t solulionl"

SÄe then has ro mark this b?otlFsis with tlß inousc (hold lines in figure 4a) This coreslonds to the

b?othesisr "Is it lossible ro embed this I@ked pan of mv ploposat in a corect solulion?"
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TASK = even a1

a
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45. orooosal for comolotion

TASK = evenl 6 1

a

I
\/?t-rite a a 0 |F\/ ,!"

--Z'-
Tho syslem is abl€ to ge!@tc com?lctc solütios caßraürd to this hwothesis. In figlre 4b we s@ th€

lst and the 45th synthesized slution of the problem. To avoid palriveners of tle prcbtem sotver md to

rEstdct the mber of lroposals the progamer actually sees only small parts of the complere f€edback-

The fust answq to the hEothcsis is "Ye$No". r this does not .esolve rhe diffrculry, üe student is given

md€ itfonnation od de@d- SAe is asked io choore one of üe nodes of üe lolution which has a titrk wiih
an ernbeddable hypodEsis.

4. A Session with the Hypothesis-DrivGn Help System

To demotrcFäte the system wc choosc thc impasse siruation of figüre 4a. Incal patches and repaüs led to

ü1s proeram. The student tnows fiom €üli€r st€ps of th€ hnothesis t€sling sequerce üat üe conplez

lroposal is incorec! The srudenr suryecß .har rhe predicat€ is in eror. He believes lhat rhe TIIEN and

El-SE-blanch are corr€ct. S/He narks her/his ht?oth€sis accdding to figDre 5. S/He receives üe message :

"No: Yoü hDothesis camot be c@pleled 10 ä solurion knoM by the sysrem".



FiglrE 5

Because the stud.nt is qulre certain thflt th€ tEcüsion step in the El,sE_bmnch is codEct s^e EsEicts her/his

hy?othesis even fudher (FigE 6, üpper window). Now, s^o lces the copv of tne h}?oihesis in thc

feedback window as a lositive response (Fisure 6, lower window)

The student lnows üar deprnd?n, on this ht?olhesis the ercr/enoß m €iüer in tle predicale or in the

TTIEN branch of the IF-THEN-ELSE opemtor. S/He can stan ro relail th€ proeram in the wo*bench

window (up?e! wiüdow). ü s,&e is sti[ in an imlasse, s,']e can äsk for funher infom'allon The bTothesis

contains two oper links. The studenr can maJk one of üese lints. S e chooses rhe THEN_branch The

feedback of üe systed is: the maln o?eEtü ofthe THEN_bmnch @urd be the EQUALopdator

Grielre 7).

The student hopes that thi! was the only emr. To affim this belief ii is up to her^im ro trcPose ilnhcr

hrpoüeses (e.g. Figw 4a). Now üe stualent has some infonnation !o Fplan the pmgmm'



,15

FigG 6

Fig@ ?
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5, Furaner Res€a.ch Toplcs

5.1 The Psychologcal "Realiay" of the Gosls in tbe GMR

We de interEst€d in the qüestion wh€ther the gods tu the GMR a€ pu.e rytrols or beal some

psychological /ealtJ [43]. In the lafler case it would b€ Pdsibte to interPrct the A\lDy'OR gaph of the

GMR as a problern spscc t441. Th€ Foblein solvirs proclss can b€ viewed d a Patl $roush tlE AND/OR

gmph. This a$unption is not uü€asonable [45] but bas to be funher investigat€d. In figljE 8 we have a

sDall dcerpt of a pmblen solving protocol of a subjcct PDgrünming thc "absdif pmblen

Begiming part of a verbal protocol for the "absdiff' program:

"Constuct an ABSYNT progrÄro which r€tums tt6 ditrerEnce bet\l€en two numbels as a ?ositive value"

Seenenr Proffol

I Ok, fßt we put üe parcm.l€N, with the - valuB$

2 rhon a minu!-opemts md! -.

3 and mw .- ah, now we take thc if-dlen-eke nodE.

4 Then. if the result is nesed\€,

5 rhcn yo! can mlüiply by biru l, - I al! not srG if w can do that with this nod€, but

6 od when üe resuI is lositilt, üco - you jusr say minus -

7 hm - now w otrly hare to de.,iat!, hw does hc aL.iab b.tw.€n minus and Plus -
8 if n is nogative,

9 dten we havc timas rninus I,
10 ad elss - nothjrg, just take th€ r€sult

11 - how cEn we rüch a dlaisid hcre - how can to do tha! wih ninus -

The scr€€n remairs obpry düing thß sequcncc

Fisure 8

Thc lrotocol tu partrdon€d into episodes which @ rnapped into lto AND,'ICR gaph of dte GMR (figu€ 9)

r dris i0apping courd bc doi€ autoütatically as proposrd by [46] üe quality of helps courd b€ inproved due

D idomadon aboüt the inlonlions of dle problem solvlr.



Figure 9

5.2 Rure Composltion snd Solution Schernrc

As can b€ seon ftom fi8lrrls 2 md 3 thc ptanning rüles al! higbly strrdüdiz€d. It is easy lo us! ttE ldertu8

n"crrnirn of aulobaric lnc crriposition frl lo specd up lhc syst n and diagnosc rypi€ar problen solvhg

sch€ß h only a f.w $eps.

5.3 Individualized Help8 lnd Stüdent Modcls

To rEsEict fiüther th€ numbei of altemative soludon protosals we n€€d a usel nodel wtnch tjltqs the

ptolosak, so that dle fe€öact infomadotr is hclpfirl and does not genemte new subPrcbl€tr. This can be

lchicvcd by sloring thc hypothesis, then Esulß and the corles?onalDg actims ud repairs of the problem

5.4 Furth€r d€v€lopment of the Plsnning Helpr

Th€ Fesert iEplementation of dte help s$exn show8 fe€dback only on üe langwSe ldel.Ianßr@
tutut€ ües€ "low leirl" helps will be acconpanied by "hid Iev€I" helps on thc SodI IMr.
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