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Abstract: Bacd on a rheorcricar lrämesorl' ol prcblem 'olv:nc and knowlcdge acquisition'
crilr.ia for inellirent knowledse conrunicarion sv.Fm\ od help dergn arc o$cnDcs r m
ABSYNT Proble; Solving Vonilor for rhe acqui'irion ol bd'ic luncl'onal prcSramn'ng
ii'"""""i" 

" 
i;""4 t-*"i. i, de.ianed accordrn! 1o LhM cnreda lt incorporalfsl)IDli'lrPr

resrui ofsolurion oropösali, md l lcamer modelis desiSned to 'nlplt ^Ü'adtttPdh?tP" Nrw is ä Lhird rtaruß. which ,s nBenrcd in rhis papett Pltuhin6 ptoAnns wit't' Eoat
,,12r accordine lo our Lheorv. lhe u5e of rhese nodcs r' en indrcdlor ol Lhe pl'nner's
ti',",r,^. m." ü* t t. *Dl;eJ Lrer bv runn.ble ABSYNT operaror' or prosräm rees bv
ii. ir,"... r'i,rt'"-or rle leamcr can L;r h\ooüses abour rhe correcnes: ol ABSY\T
oroirm. conrain ine operaror and Eoal node" The planninS com ponenL ol ABSYNT ltrß"on a

iou-nd rrm'fornarion approach [6] üar enabls üe denr ion or luncuond pro8rams rrom
rntrilicarions The ABSYNT sosl nodes aß derived lrom corespondrng Füsromatron raßs
i{e anrenaixl. Thoueh rhe r;\lormaÜon approach is rechnrcdlv sounJ ir ;s noL cccessible lrJ

novicii and sometimis even ro crp(as Bj oilering Soal nodes lor h}?orheses terlrng rn lxe

Droblem solvins pha.es ot del t'erärin8 cnd pldnnitg {e hopc.lo mr*e derrvalronrl
prcgranm ing accelsible even lo beginner\ lt very erl' slages olexpctuse

KeJwords: inlenrion dirSnosis. derirauonal proSnmming. h)porheses tesung. supno( of
planning and delibemÜon

!nEllioenL knowledpe communicarinn n.lems, like help sv$cms. ruroring slsrems Üd
nmhk; soh in s moi rors. üe erDec Led ro \u pplv Lhe user q ih in lormalion which is seNiLjve

i"itiair,,at oüute. 
"ot"i"qsir-arian 'nd 

ro iha rcrurllnowledse and inFnrions olüe u\er

DeveloDin! sruch sv.ems €qurrc. a vaner' ot desiEn ptoblem\.litc when lo \upply remedral

inlomärjo'n, whairo 'unpli(.hat derermrnes Sood hclp') how ro pre5enr rhe remedrar

inlomauon, so on. TleatPPtonLP üd ?fechv.h?'sol rnowledge conmunrcalron svsrems

cdrically dependron sa'i5lacrory solurion\ ro rhese problem'

b order ro t ckle lhese Drcblems, a sv\Fm ot h) por he*s aboDr Ieamers processesol probtem
s6hint ind knowledpe acoui'ilion is neces'ary' Such a lheoFLicdl lime*ork may help to

l,i.ii a*i"" s.i;r;6* t"; several componenG ot cn inrellisenr k owledse rommunic'Lion
,"!i".. ro,i-.o1.. i' .,v deremtoe ;hdr kind oi help ro supplv. and when ro supplv iL

riven cerrain ler(uies oirhe prcblem solvinS -drion änd of the lermcr'

We work on 5uch a rheoßLical lhmework whrch wectllISP_DLThcorv (imptse _ success _

Drcblem solvins - driven learning rheory) 125. 26l According lo üe theorv. Lhe slß3m ol
ii*-'ii"a *ü-atr acAo"s ol a-o,obleti ';lverconrsl' 

or dillerent prohlem soh ing phas:
d.!ib.ratia8. plahia6.e'echrirs. ind e\"hannS Inpasvs. shich ffi possible !rcach phN

* We thank Jö.s Folckerx for inplemenling üe user inlerface of ABSYNT
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may_leäd to problem sohing and ro rhe subsequenr acqui$rion ot new knowtedse. Successtut
prcblemsolvirg le€ds ro üE oprinizrtion of üE knowteitge appLied.

The ISP-DL Theory implies sever.l desiAn crireria tor rhe devetoDment oI ü inkllieenr
krovl€dge comunication sys|3D. We devetoD rwo svsrms: The ABSYNTprcblem Sot;n!
Voniror (PSMJ supDons functional Droernmmins in a lisual ldsuree t22 2s 26 )1i
PETRI-HELP suppons modeLrins cdcuienr of dii-strilurea prcers"es iirti conoirion-i,verii
Perineß 123.361. So we ry !o Faüze üe lSp-DL Theory ani, its imDlicarions for rhe desien
ola tlo"ledgccoßmüication sysFm in lqo diflcenr doÄajns.

The aim ot düs paper is ro show ho* rhe problem rotvin E ph^:es ol.tpliberurinz Nd Dta,Biar
c5n be supponed by a knowledse communicarjon sysGm. whire ea,lier virsio;s ot ü;
AB-SYNT PSM addrcssed üe problm sohitr8 phaes ot ctc, utinS üd evaluaria|,herc ve
will demonsrraF dd dir{uss e approach ro iupply inl€rac Live 

_suppofl 
and hejp tor üer:irlq f_p-!g:.lT! 9t d"i;ri ranks üd ptaanins whtte conlrücdns tuDcüonat pr ogra;s wiü in

Lhe ABSYNT PSM. rißt ideas ot Lhis approtch m ple,enled ; 1281. The pat€r ha! dree
pafl5r_h üe llrst pm we willbrieny devribe rhc lsp DL Theory ed Lhe ffirriä äommended
by ir lor üe dsi8n ola tno*ledse communicauon sysrem. In üe sond Dafl üe ABSYNT
Prcblem Solving Monirormd ißreLalionship lo hc dsjsn crißria is dscribed, with a tGus on
rhe Hü4lionof dclibeEdng and plening ln ABS).NT: h addidon. our wo.k in matuns hetp
inlomaüon adapüve !o rhe leamcr's knowlededgc sr2lf is briefly described. Finally.-mmi
conc'ueons nrt grven.

A Theoretical Framework of Problem Sotring a.d Krowtedge Acquisition

The ISP-DL Theory is inlended to describe conlinDous problem sotvinS and knowtedge
acquisirion prcesses ol a leamer as ir occuß !n a *quence ot, for e{möre. oroÄrffii;p
rssions.It is o alFmpr o inlc8raF rhe rheorcucatconcepß of impase d'iven h;rins It8:Ia, 13. 17. 18. Jql. sDccess-dnven leminB. e.s. lt. 2. l, 29. jl. at. a2j, and dife;eni
problem soh ing phNs accordins ro | 14. I 51. =Ihe ISF- DL Theoq has üF co;ponenrs:

, Ptoblcn $lrias phas.s. Tne ISP-DL Theorv sur.s lhaL ä Drobtem solvins D.oce\s mav he
irructured inro üe tollowinS phases: The probtem sotrer (pS) deür.rar.r ";ü üe resuir ot
choosin8 a cena'n gocl ll0l ro pußuer rhen a p/aa ro reach the eoal !s celed. Lhe plan is
?x..!r.L and finallv the obnir ed esü i\ .'nt;b,4
. A..tukihoa oI Nn loni lcdE€ 1ap6r.r m ishr rcsull är everäl Doin|5 !n Lhe Droblem sotvinq
process: The PS mi8hr nor be able ro choose tgodl. ora pto carnor be cerrea, or ia ereturioi
iinor possibLe. or üle obhined ßuh i, nor sai\fyin8. The pS reacß Lo d impass€ b) problem
solvins. usins weal ipaarri.r: looUng for help. ä\king. chejunB. dd so d. A, a;ddr, üe
Ps may overcome lhe iDpase dd acquie new knoqledse (imDalse-driven temins). Bur
altemaüvely. üe intomaLion oblained Aay not be hetpful b-utcooiirsing, comphcaLingihings.
änd so on. 50 rnsread ol rcsotvü8 üe impas*. rhe leamer miSht encounlcr a scondar)
imp6s t8l.

.Ihptov?henr of ?rirtinA lrorl?df?. lf a Droblem has bccn successtullv sotved wiLhour
impJ.lses. üen üe klowledSe applied 

's 
oprimized (success-driven leminqiso it cd be used

moE eftecdvely üle ncxr Lime. Forexoplc. Lhe nmber of conLrot decijionadd subeoat5 ro be

rrr" ISf-Ol rh-,y r"ua" ro seveEl dsign principles for a knowledge connüni@lion system:

. According !o the theory, üe lemer wiu IooL lor dd aDDreciaß heto if she or he is caulhr in
D i,,p6r.. wiLhour d impassf thee is no need for heij. so rrre syirem 

"rroura 
nor ineirrupr

the realner. bur rlf.r help on requcsl
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. Aftordins to the üreorv. rhe leamer should be prevenEd fiom mpPing inro *condarv
inDaale,s wüch m ay Lead äs ay trom the odginal Problem solving This mavje dom bJ rellng
üi leamer male ure ot hisp'1_lrDwl"ds. at imPa:ser as much a5 polsrble lh6pnncrprmav
b€ realized ir two ways:

.To let Lhe lemer t?rt hvrorrr.r.r aboutheror his solution proposals. This m@s üal
rhe L,m.' mrv de.ide wliich t/n of a DrcDosal she or he consideß conecl. The leamer
.,-' .ii rt'" *ir". ror a'"tviis of dre idoüesis dd for completion propo\äls This
i*""" it'",.ii.iw on tr teämer's side.'iind rhe lemer is noL disturbed bv unwanßd
systeß inrerwnti;ns ard colnmentl.

'To adaot ßmediäl intomauon and help lo rhe äctual knowledge sute olLhe learner'

t&lp 
'hoirld 

be trDwledS, \tak o.r.rt /. rcquirinS a leamer modcl.

. Fin.llv Mordins !o the lheorv. intomaLion useable as help should be provided tor lhe

aiitereni rha.s€s ol;'rcblem 
'olvinP 

becdu\e ißpass$ ruv dise al aI pha!€s So a helpsvsrem

should s;Fpon d?rr.raria E, plaininS. etecutinS. aid.t,/!atrn6 solDLion proposals Help

shoddlE problem ph6e oiente.l.

Th€ ABSYNT P.oblem Solving Morito.

aBsYNT r"Absuact Stnrar Trccs") is 5 tuncllonal, visual progrdming larguage based on

idea s(aled in d inrod;cLorv compurrsience ßxrbook lTl AASYNr$areEP'eren@üon
.l "* üsp -a i" 

"i."a "riuppoitine 
rhe acquisition ol blsic luncrional prosrmming skius'

in;luding absraction and ßcuiive sy'tems.The desien ofABSYNT 6 a visusl Prcgrammn8
ldsuse was baed on

. No ahemaiv? tunnble sD?.if.anira ol lhe AaSYNT inleipßer l24l which werc

developed accordins 16 coen;dva {lence principlesand con'Fa'nß t201.

. enpiricäl sludies corceming $e mental reprsentation of od miscon@ptions aboDt

functional progans.

This work serued ro D€Düe the de'elopmenr otrhe AßSYNT PSM according lo principlesof

"i.""r leaml"e *"irbnÄe"Ls ll3l. ATSYNT is analvzd wirh rsp€.r ro prcPedies oi vi5ual

lanslages in t241.

The ABSYI IT PSM provide s ü icoai. ptoqt^@he P\tiro.rrtt l9l I!5 mäin coßponenl5-N
r visual zdtor. a visual rtl, p. üd a hPLp tonpa"eht: 

^ 
htpot'\.l's tcstinS envro44ent tne

desisn of üle ÄBSYNT PSM is notivaled by dre ISP'DL Theory in the follo',ins wavs:

. As @oßßended bv üe ISP-DL fieorv, rhe ABSYNT PSM does noL inlerrupL the PS bur

ofers help for r}e PS io overcome ißpass€s while consmcütg ABSYNT prograns

. A(ordins ro üe ISP-DL Theo.v, the PS should be able lo make use olhis prc-krowledge ar

i-naser a's much a oossible. ln lhc ABSYN'I PSV, Lhis principle is realized bv lhe

t|iothests te stin* apoioach The lemer mav hvpoüesize wluch pon ol his cumnt soluuon

";;nnel he consideß co.red. The svsrem then altzs üe hvpoüesis ud C'v€s leedback'

Thi PS cd also a.sl Lhe svsem torcdmpletion propo'ab (s below) A second reaon lorthe
hvDothes€s l€srins apprcich is üar rn proerans il is usuallv nol possible Lo absolul€lv localtze

hi;r- otlen the bis consisls otan inconsistencv between program pans and trere ar severar

wüs ro fix it Tle-hypoLheser tsLinS approach lsves üe d4i\ion how Lo change a buggv
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. According to the ISP-DL Theory, help should be provided ar differenr phases of problem
solving.-Ih€ ABSYNT PSM enable., üd sDpports alaproblem solvins phai:s ar leastio some
e(Enl: d"/r,.rdtr8 with üe €sult otchoosing, proBranming rask !o ao, r/a,aaf a elurion !o
ir. €r?crrir8 Lhe plan, dd evaluatitS Ihe soluLion p'oposal. ln rhe ABSY\iT pSM, Lhe
J.liberction phas coftsponds ro c[oosing. prog;animing r6k. l( is sDpporled by rhe
syltem's abiht) !o prcpos sublAl5. The pldrhs pha$ comsponds ro cß;üna a solirrion
prcposal by using toa, ,oda (s€e below). So Lhe Lemer mav creaG a Dle ed @sihvDoüFses
abouL it wirho boüering abour iß implemenhrion ar Lhß poi .Thä inpl.n.Nai;a ot tne
8o.ls (thus(r€aung an ereuLabl€ p'oBran) may be done la:ft, usit9 iDlpl.n.nhtion aodcs.
Both planning and ex@Dting are supponed becaw rhe leamer lnay rc@ive Soal nodas or
implementation nod$ as @mplelion proposak from the system on r€quesL FinäIy, evatuaiiat
conesponds to hlpothes€s testing and !o usin8 the visual trace.

FiSnre I depicts snapshors fron the ABSYNT PSM. Figur€ la shows the rinrat €drrr. where
ABSYNT prograns cu be crealed. There is a h€3d window and a body wiDdow. On rhe left
side ot Figun Ia. Lhft is üe rool bar ol Lhe editor: The Ine !s for cöDDecüns nodes. Tle
bucker is for deletitrg nodes ed links. The hrnd is tor mo\rng nodes. rhe De; for nämitrq
nodes, ald dre que,tion mük iorgerdng desripdons oiüen ThC Aoat loottiX bee\Dlaineä
below. Ndt, there ß a consranL. pd.merer and hiSher" opemror Dodc (ro be nmed by üe
lelmer, ßir8 dre pen rool). Con:l:nr ed parameFr nodes üe üe /?ar'€r of ABSYTW nest.
Then several pdmilive opeBtor nodes tollow I"if , lß1 , 

_.esl . cons."lisi. -,_-,'.,
,..). Fniting is done by selectin8 nodes wilh üe mous and placing lhem in the wiDdows, and
by linkinS, moving, nMins, o.deleüne üem. Nods dd linls cü be crcÄled indeDendendv: It
a lirl i5credtd beloe Lhe lo be-linked nod€s d edired, üen shadows m aubmadcaXy cre;Ed
ät the rink ends. They erve ;s dace holdeß for nodes io b€ ediad later. Srraaows ma! arso bi
c.eal€d by clicking into a fE resion ofa window.
(-onsl,rr, paramel!r dd operctot nodes M inplphpntrro4 nodes. A svnllcricattv conecl
ABSYNT progran is runnäble il ir cons;ß only ol implemehralion nodis. Lnpte;enraliotr
nods bave thrce horizonral pms: d inpul shpe. a nMe sr.ipe, ard an ourpur s!-ipe. (Cons.anl
nods bave only ruo sür!€s because narne and ourpur d idenücal.r In de rßru7 rr.? ot üe
ABSYNT PSM rnot dep'cled). input md oueul sFipes m lLIed wiü compuralion soats üd
obtaiEd values, so €a.h coßpüarionat srep of üe ABSYNT inte.peie. can & visualitd I24l.

rnne:0lffolttl

\füs
/t?(Ä

rl-
TJ TJ

--!-(-

--u9g
cc@

Frgrrc ta: A PS s i@trpl6t6 $lution p,opod in rh6 vis!ät €ditor

Frgu.€ t: SEp6hols ol pbbl€m etung wnh ABSYNT: A PS'6 rrcomptete propoet to rhe td W d'ff
l' problem (Figue r a), rh€ PS's hr?oth6is pbpo€at (Fisu@ 1bj. teedbact (Fisur€ rc) and

@drplorion p@poslol the AASVIT sysr€m (F€u€ 1O. Co.tnued on ltg iext paeß
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Fbu.e tt The PS's hypolh€sis (bold nod6 and links) @vering a pad of the poposl in Flqu€ 1a

nerult Mart *l: DlfrDllll

Fgrre tc Pcitiv€ Feedback of rhe ABSYNT sysreh ro th€ PS's trypothFis

Msking help adrptivc to ü€ actud phN of problem sotving

As arready indicated, in ABSYNT there are also Eoal nodes designed to slpport the
hypottetical problem solving phses of delibetati S aid /ll@irg. Clicking on the "goa]"
symbol in lhe tool bar (Figure 1a. or the left) causes the lool bar lo switch to rhe etuat goal
nodes. (Sone of üem ar€ depicted on the lert of Figure 2, see below.) Goal nodes rcpres€nr
more abstact plan fragments which ßay be implemented in seveml ways by implenentation
nodes o. subEee, of irnplementation Dodes. Visualy, goal nodes hav€ a differenr shape md rc
iconic intemal sructu€.In Figw 1a, 'EQUAL 0" ald "CASE' ar€ exanpl€l of goal nods.
Each goal node is precisely defined as a predicative description for the yet to be imptemented
progran fragnents- CIhe lemer can s€e this des.riprion as wel as a verbar description by
clickhg onto the node with lhe quesdon mark tool.) For exmple, the "EQUAL O" nod;
reprcsnls Lhe soal Lo len iI a nDmber is equal to 0. (tomally: soal EQUAL 0 (nDmb€r n)
bool:tha(bool x: { = (n =0)":This isüe goal to delfmine fora nmbtrn üar boolean value
*hich resulß trom evaluatin8 n -0".)The _CASE" 

node repFsenrs the goal ro progrcm
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condilionarized exprersions, thar is, condilion-expression'paiß (Fomally: "goar CASE (bool
p 1, varue al, bool p2, varue a2, ..., bool pn, varüe aJ value: if pt lhen at else if p2 lhen a2
else... ifpn dten an fi ... fi n": This is the goal to determine for n condition-expression-pairs
pi, ai ihal value which r€sulb from evaluating lhe fißi expression from left 10 ri8hl which

n€ndt M.rl*l: 0lttDlttl

ligue td Complerion prcposls of rhe aBSYNT syslem on rhe PS's demnd

The ABSYNT goal nodes aJe bared on a Lsk analysrs which aPplles the transfomation
approach developed ir the MDnich CIP Project 16,321. Curently ABSYNT suppo.ls 42
p.ogrdmirS tasks. For erch tak, ther€ is a top level goat node ed a collstion of lower goat
nods with predicätive dd verbat des.iptions. Data types @ nMbeß, lruth vabs, ed lists.

In FiSw la, a solltion proposal js just behg crcated for lhe ABSYNT prcgrmming lask dilf
by diff 1 : 'Create a progrm tlat subrels a nÄtrral number from a trunb€r. The subtraction
operator cd otrly be usd with '1' d its scond inpuL" In the not yel finished proposal shown
in Fisure la, there G coßplet€ly unspecified nods (shaded ar€4) ed partially unspeaified
(yet ünamed) nodes. As Figre la also shows, goat nodes md ißplementatior rcdes cm be
mixed ("mixed tees") wil.hin a proposal. The solDlion proposal in Figm la mem:

If lhe value of the paiameler N is ei]ual to zero,
lhen lhe value of DIFFDIFF1 is the vatue of the pümeter A,

if üe value of a yet urupecifred palameler is grcaler üan
the value ofa yer mspecified conslanq

then the value of DIFFDIFFI is obtained by rcalizing the goal "diff by diff 1 "
fo. a yet üspecified expession dd
the sDbträction of I from a yet mspeciied pdameler.

ln the hypotheses testiry environrcnt the leaftß( may state htporheses (bold partr of üe
progmrn in Figure lb) abour the con€ctness of a solution proposal or pafts fter€of for a given
progmmning task. The hypothesis is: "It is possible to embed üe boldly marked fragment of
dle pmgrarn in a con€ct solution to the cunEnt task!". The sysbm then analyzes the h)pothesis.
In Figurc 1b the leamer stated a hypodn is which covers a fragment of üe proposal creat€n so
far for üe "diff by ditT l" programming lark. The hypoüesis contains goal nodes and
irplementadon nodes. Th€ syst€m rccogniz€s the hypothesis as emb€ddabte, indicating $is by
retuming a copy of the hypodßsis to tlo PS (IiguF 1c). ff this infomation is not sufficient for
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ßolvine the imoa5se. üe PS mav ask Lhe svsßm torcompleÜon Propos0ls st lhe open lin}l'
!n Fieu; ld. thä PS asled ior and rceived four complelions rboldl. fwo ot then ue Soal
node; (SuB 1,. As 15. .s Dos'ible, rhe svsem üies ro gene.ae nodes which ate alreadv
conhined in thc PS's D.oDosal. Intemallv, lhe svslem has creaLed a comple€ soluuon bul $e
Ps alwavs €ell onh m'ini;d informatio'i. On tlloüerhdd. if the PS suted a hvpoLh€sis Lhar

"*or ti ö"r*.i ,t'* ,t'" Ps r€cervs Lhe mesvse Lhar üe.hvpoLhers camot be complerd
10 a solqdon kDwn by the system-

The hvmLhe*s r€sune envüonmenl is the mor sisnil'canl asped where üe ABSYNT PSM
direri arem oüe. svs-Lems desisned lo suDDo.r Lhe acqüirition ol funcÜonal proBramming
inowiedse.lrte rhe-LISP rurorla,5, l0,lli, the SCENT advrsor Jl6 lrl. and the ELM
*"rem l-401. fhis is Lrue also lor Lhe ditfereDce of ABSYNT and lhe visual da'8 llo$

"i."',--i,i. ""... r"rclion Machines ll2l. As indrated, one reason lor the hvpoÜ'e*s
'ri"rT,."i""'iltt i" üaL in proe..mm'ne-a bue usuallv carnot be absolutcl) localiTed'
Hvoo[siei restine lervs t]e decision whrh paru of a buggv soludon proposal ro keep lo lne

PS'and lhenbv D;ovids a rich daq eurce abouL üe her o. his knowledse and inlenuons'
il"Ä"ti*i tÄs"^ *i,t the ABSYNT PSM evealed thar hvpoües€s Fsüns was heavilv
ueä. rL wis almosr Lhe onlv means of debussins wrong solDüon propo$ls. despite Lhe lacr

rhaL Lne subiecb had also lhä visusl ue€ a'tu lable This is pJnlv due lo the lacr thal in contrarr

ro Lhe tmcÄ, hyDotheses tesüns dcs Dor equire a compleE ABSYNT p'ogran soluuon
HvDoüeks llsi;s is oosible-wiLh incomDlre soluÜon5 with soal nodes. ahd wilh miÄed

r-,6Ä. u aotition,i trviooesis may include onl) a pan ot Lhe acüal proPosal so the PS mrv
obßin teedback whether she or he is on the riShr tract aI very eülv plannü8 stages

Th.,n\weß b rhe ll:mer's hvDoLh*s are seDeraed bv lsdcfining 3 Soab'rcüs t?torion
,hiP) l 2ll a (nhFt of üFi ruls mav be viewed ar "Düre erDen domain Inowledge nol
i.n'"."ia irv temins. fius we caU thia ser of rule' ExPtRT. Currendv. EXPERT conhins
$out lJ00;hnnins;ks and imDleßenl,üoD rules. The plming rule5 etftorale gorls. od
rhe im.le nEüon-rules descnbe how lo reslia soals bv AASYNT implemenuÜon nodes'
ExPF,ilT is able to üallze and 6 svnüe'ize sveral millioß olplans dd soluuons tor üe 42

Esks 122,271. We Lhint"thal sDch Ä iarge soluLion space ir Eersarv becaus we ob*rvcd lhcr

erpecialy novice! ofien corutuct Dnusilal solutio.s due !o l@al r€pairs.

The soal de(omDosidon done bv the plannins rules follows Lhe CIP ranslomälion aPpmach

Ä"-rüi*Jin tiä,. s. o. ro.rs-od iubeoalJwhich dre conLlined in üe Plannins rule' and

which coftsDond ro üe ÄBSYNT soal nodes us€able bv lhe leamer' are based on üe (lP
approa(h. Thö cIP approach e6ures ihar a solutioncd be denved ro. Sivcn ust' Lh is conecr

wiü resDecL Lo the la"k descripLion. So svsEmaucdl d?rvatoMl proSrmm'ng $ po$! Dß rtr
aooen<iix iltusLrares how the 

'olurion 
Lo a ghen 6\k cm be derived. based on lhe ( lP

apircach. and how Lhc conesponding rrns m repre"ented h ABSYNT

Empirical work

As alreadv indicaled, wolking wirh goal nodes in AISYNT should enable lhe leamer Lo

lioress iaä* 
"t 'erve-tv 

ph;s olpiosrdn develoPne tui e.. the dcliberuti'8 üd PtMihe
Dhäses, sd sel feeilbrLabout lhese ideas This Seneral hlpoLhesis leads ro rrcral specrhc

hlpoüeres wluch nay be daluaEd emPiricalyl

.ltüePS h6no soal nodes lo work with, he willvtrbalze his 8oals. bur theF d no dißcdv

"or.eioo"ai"e "crion" 
oo*ible. Bur il Lhe PS works wirh goal nod6 rhen hi5 verbdlizaÜon\

wiu cdmspon'u more ciosety !o his actrons li.e. €di!h88oal nodes)

. I r the PS h&s poäl nodes lo wolk $ irh. then the Dauses *here the PS thrtts and Lalks wilhoul

Frfomrq oro"ptrmine äctionswiU lend !o b€.öme shoier. b€cÄu$ üe PS is able roe\pß$
ir;s iaeas öi iflenrions atecdv ir ABSYNT. even il üev aJe )er vague
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. If the PS has Coal nodes to rvo.t wirh, then he will do morc hypothess testing, espe.ially
wiLh Boal tEs dd müed trees, because üis say ür PS ses whether he is on Lhe righr rek
at eüly stages olslution developmenl

. For the saDe rcason, the number of corecdons will be rcnuced: ff the PS hd no 8o3l rodes
to work with, then faulty solution approa.hes wil not b€ revealed as erly d with goal nodes.
h addition, goal nodes ma&e it easier to find bugs by narcwing hypotheses.

In a prcüminary empidcal investigalion a single subjecl worked LhrouSh rhe squence ot
ABSYIIT lali usirS Lhe goäi nod€s. Up ro no* , we compared an aboul one hour ponion ol
her prolüol wiü the corre5ponding ponion ot another subject workhg rhrou8h lhe same
squence withouL Lhe goal nodes. The anallzed pmlocol included Lhe täsks dill by diff l
described @lier. dd the lak "even": "Cre3le a program that lesß whetie. a numh€r is even. "
With resp€ct to the hypothess sraled above, we examined the number of goal verbaliations
'lvitloot corrc.sponditrg p.ogramming äctions, the nDmbe. oflong pauses (more üan a ßinute)
betlj?een two prograrnming acdons, the number of hypotheses resled, and üe number of
conections. Conceming verbaliations, pauses, md corections, we found no difterence.s in the
protocols, but more enpirical atralyses are needed. Conceßin8 the rurnber of hypoüases
testld, üe sub.ject working wirhout goäl nods tested two hypotheses. In conüast, the subjecr
who had goal nodes lesled o hypothess. many ol them Flering ro panial plars and mircd
DEes. Figure 2 shovs dexanple from tle even Lask. The subjecL sBLes üe seneral solulion
plan lhar a number is even if its integer division by 2 leaves a ftst that is equal to 0. The subject
subsequendy tested üis plan as a hypothesis, so she knew eüly that she pusued a corect plan.
Funhe.more, al the task "diff by diff I' the s!bj@1crcäted the two last planl shown in lhe
appendix (sieps 11 and l2).

Fi8u.e 2 arso shows in what sense tle ABSYNT gGl nodes support not only the problen
solving phase ol planning, but also the deliberaling phae. "MODz" in FigDre 2 is a subtast
which has to be planned and implemented as a s€parate @ursive !rcgrd. So the subj€ct's
decisior for the goal node "MOD2" is considered as a re,sult of deliberating. Moreove.,
ABSYNT wourd suppori deliberadng by proposing the 'MOD2 node if the subj@t üested a
hypoth€,ir containing lhe "EQUAL 0" node and üe link laving it

::

\fiDs
4"? @
r-r--
t,J TJ TJ
@@@
@@@

Bodu

2

j
/iEÄ 6t;n 6;H1 lot

F,gure 2 A plan lor rhe 'even' iask
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Making help adaptive to the problem solve.t sctüd kDowledge

The complelions shown in Figure ld (bold p.og.aß fngments) were generaEd by üe CMR
EXPERT rules describ€d above. EXPERT analyzes and syolhesjzes solution proposals but is
r\ot adaptue to the lea'n'er's howledge. Usually EXPERT is able ro genemre a lege st of
porrirlp complerions. For example. EXPERT could gener.re several alremadves for rle'StlBl god node in Figr,rc ld. Thus üe problem is !o rpl.cr the mou appropriae complerion
prcposar. So a model of üe l€alnert actual tnowledge state is needed, as recommended by the
design criieria staied earlier.
We developed such a model which we c^11 

^ 
Stote Modef shce it repre,lentr the successive

knowledge stare of a PS as he moves fmn a novice to m expert in the ABSYNT domain. Ir
consistr of nrles derived from EXPERT. The Slate Model should offer a completion proposal
10 the PS which is maiimally .onrtrt rt with the leaü's current tnowledge sraüe. This means
lhat the Sute Modet tries !o offer a completion prcposal which is baxed on a rule coüained in
the Slate Model. So the leamels ruAri* ro fadbak ed coDplerion proposals should be
minimi/ed. The Stae Model is desiened a! an inre8rared pÄn ot Lfie ABSYNT PSM. lt
repre*nß Lhe acLual hypoüetical domain ho$lcdse of Lhe lemer aL dilierenr poinß in üe
k owledge acquisiLion proc€ss. Tte hJpoLhedcd doßain krowledse is oreanjzed as a ptudat
oftet ot nioo tulps- s.hpnsr. and rpecific i ar?r. Micro ruls repr$ent knowledge nesly
acqüJedby i p6t? dtiv?n /crnias bur nor jet oprim'rd. They descdbe small plannine or
inplemenr.tion sLeps in the ABSYj\T domain. Schema üd ca-se! are ffeaed by rule
compsiÜon ac.ording ro rhe resolurion meLhod. The Srale Model is crslfd dd up.lared by
ÄuromaÜcally inlp€ding rhe sinBle ed!üng sreps perfomed by Lhe Dser while consrucdnA
ABSYNTprogms. The Sqte Modelis des.ribed in delail in t25,26j.
The Sllte Modal is designed ro be consisr€nt wiLh rhe ISP-DLTleory. Tlus irconLains acqüired
howledge (micro rules) and oprimized knowledse (schena. cases). Bur it does nor conoin
wcak heurisLics. cotrtrol proc€s\e,. and knowledge acqüis'lion prcass. This is Lhe tuncdon
ot 

^ 
Ptopst Modpt 134,351 which is develop€d d run oflline. lL provides Lhe hylorheücal

Fdoa fo. the lanwledge stare change, rcpresented in dE State Model, ed thereby is inrended
to bddge the gap betw€en lhe StaE Model and the ISP-DL Theory.

The lSP DL Theory is a lheo€tical lranework ol prcblem solving üd knowledSe modficadon
u hjch hd ihpon2nL implications fo' üe design and developmmt ol krowledge comuicarion
systems. Specifically. ecording ro üe theory there aJe üree r€quirements lor inlomaüon iJ it
is inlended to b€ helpful: Infomätion will only be app.eciared if rc.eived ai impasse time,
intomalion has to be aimed at Lhe curtenr level ot Droblem solring. and !l musl beconsisEnr
with üe actual krowledse sulf, oi he PS. we des.;bed our reüaüons ot rhe* requüemsb
within the ABSYNT Problem Solving Monitor d€signed b suppon üe acquisition of funclionat
p.ogmmirS skins. In ABSYNT, the PS mäy stare hpothes€s and gel completion p{oposals
f.oB rhe sysrem on demand (= help at inpßse titu). The PS may plan wirh goal nodes,
implemeDl ihe plar afterwards, and get goal rode completions and implenentalion node
completions as well (= ,"rp at difretent prcblen soL)ing /rrr"r). Funhermore, completion
proposals are derign€d to he adaptive to the actusl leamer's lnowledge by heing controlled by
a model of rhe artual learnert hrowledge state (= lrulrk d8e stae adapte.l help).
In this pape{ we primarily focussd on pldning wilh ABSYNT which is based on fte
liarsformational appmach of the Munich CIP Project. Incorpo.ating planning into ABSYNT
has benentr from dre€ peßpeativs:
. From tle PS's poinL of view. rhe benefil ofpldnrirS w;th Boal nodes is rl'ar hypoLheses
r€sring is possible alFrdy er Lhe plüning släBe. 

^nd 
at ttry .a y rrrspr of solution

developmenL ir gemral. So Lte PS wiu ger information whetler she or hc is on the righL Lrack
bel@ shninS with the inplementalion. In a prcliminary empirical mvsligarion we in!€süga@d
some mpi.ical hypolh€ses stemming from this general hypothesis, indic*ing that hypotheses
tqstinS based on paitial plans and (sometimes) on miren tre€s w6 üsd frcquendy.
. Fron a psychotogical point of view, th€ b€nefit of plaDing wiü goar nodes is that objective
dota aboüt the planni"s pro.ers cu h€ oblained in addition to verbalizations. Thus it,Ä,ill
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be(ome possible ro base o auromadc ontine dalysi\ of lhe pS's rcüon.. shich is neceösa^
ror üe Slale Model, on dara abour /larrir8 .s wett. So one apecr ot our fulure worr i5 r;
exlend the St2te Model accord hply.
. Finally. üom a helpsyslfD desi8n poml ot view, üe bene6l i\ Lhar in addllion Lo h\Dorhefr
l€stjng wiLh goal nodes od soal complerions, ir will be oorsibte to otter rfdrirp aä a\ hetn
ro Lhe lerrmr. So rl should be posrble ro enable deavar;e/ proeranmüe bv oderins üeCÖ
üdslom ion rules lo the l(jmer In addirion, Lhe CIP ruLcs mv be used; 6fler eL-'b""
for üe sysFm's compleüon prcposals ro rhe PS. This wiltbe a s;ond aspe(l ofour;o*

Appendix: Program Transformation Approäch
and Conesponding ABSYNT Constructo

The trarsformation sleps are explained ai the end of the äpp€ndir.

1. task: "diffhv difT l"\uüaci;ffi*b",-i.-
a number using only subl"
2. task spgsifira]tioa!

3. function sch€me:
fDct dirdiffl (num a, nät n) nun:
thatrumx:x=a-n

4. cas€ introduction:
tunct diffdirt (num a, naa n) nun:
ifBl th€n that.nm r: x = 2, n

ifBm then that nüm xr x = a - n fi ff



5. nredicate introduction:
tunct diffdiffl (nun a, nat n) non:

ifn=0 then that num x: x = a' n
ifn>O tltenihstnümrr=a-n

is no ABSYIitT eDRsentation for lhis

6. conditional inference under the conshainl n = 0:
tunct diffdiffl (nun & nat n) num:

lfn =0 then a
ifn>0 thenthatrümrx=a-n

7. conditional inf€r€nce und€r the constraint n > 0:

tunct dirdin (num a nat n) nm:
ifn =0 then a
ifn>0 then thrt +un x: exists nm x': ta' (n- D=xl ^ tx'- I = xl

:trame:otttDtt
Is€d

K]



8. choic€ and ouantiffcation:
4pplr!48LhreErlk::cttice , with hinain|x:
thrt n x: exists n y:(P(y) 

^ 
(y) = x)

ll I Appliclrion condirion:

ll I €qurvdoc relition
ll I ofsort m

(üar n y: P(y))

P(y)/a-(n- l) --x' or
a- Gubl (n)) =x'

r(y) / x' ' I or subl(x)

8ilet-ür-eeesrit&:
funct diffdiffl (DM ar nat n) nM:
ifn=O th€na ( specirtcation oJ subtark)
iln >{l th€n iubl lthrtnüdi:a- {subl (n)) =x Iffi

g.fsldllsi fuct diffdiffl (nom a,natn)num:
ifn =O ttten !
ifn>0 tll€n subl (diffdiffl (a, subr



10. final recursive solution. containing only ABSYNT
impl€mßnhrion noda{:

In ealh st€p of the progru tresfomätiotr process, lhere ale severat allemalives to
continue. For exmple, the nexl two figurs show a s@ond way to äpply the
conditional inference under the coßtFint n > 0- The coftsponding foldirS step leäds
to a lail re.ursive progmm solulion.

11, conditional infer€nce under the coßtraint n > 0 :
fiDct diffdiffl (num a, nat n).um:
ifn=0 thena
ifn>0 tlentllatnunx:sqbl(a)-subl(n)=x

t6ne:0ltanltrl



12. folding:
funct diffdiff1 (nun a, nat n) num:

ifn>0 ther diffdiffl

Isrd [odr

ltc) t(

Comments to rhe appendix:

1) Infomal specification of üe task
2) Forßal sp€cification of dre task: nun is the son ot üe ßsulr variable x: the specificadon rs

r€pr€,sented by a goal node in ABSYNI
3) The specification of üe lask ha! hecome dle body of üe F,vo-paiameter tunction drff.!ffl.
4) We think üat fte problem can be solved by spliting ir into sqbproblems: case analysis; for

each case \re r€rain üe original lrrk specincation "üat num x: x = a - n"
5) According to a coresponding CIP'nile we inlroduce p.edicaies subject ,o some conslrainir:

no gaps or overlaps in üe domain of üe funcdon elc.; for demonsliation purposes we
prefer to represent the predicates and fünclions by goar nodes even if rhey could be
impl€meni€d in one sep by runnable ABSYNT operatoß.

6) Subject to rhe condition rhat some predicai€ is tllle we can rry some condirionar inferences;
under the constaint n = 0 we are able to sißplify the task specificalion to the value of "e".

7) Unde. the Nunptiotr that n > 0 we {e allowed to sp@ify a subtask "ensts num x': [a - (n-
1) = x'1". To bridge tne gap to the old l8k speciflcation 'that rum r x = a - n" w€ havo to
subtnct [! l=x]

8) The second if clase in 7 matches with the left hed side of the CIP-rule 'choice ud
qDantification" (shown); the palmeters in the rule get some bindings (shown on the right
side of 8)

9) To the second iJ'claD-ge in 8, we cm apply the CIP "foldirC'Lrule (not shown) which allows
to subslitute unde. cerl2in condilions the t4.sk specificätion of the subtask "that num x : a -
(subl (n)) = x' " by the recu.Sve can "ditrdiffl(a, sDbl (n))".

10) All Soar nodes are substiauted by rumable ABSYNT operatoß-
11)-12) An altemative de.ivalion js shown here.
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