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s.Thc Desiga of our R€ective Grrpüical Progredming EnyrroDEent ABSYNT

5.1 Psjchological Arguments ir Frvor ol . FunctionsMsurl ProgrsmEiDg Lalguag!
The maiD ressrch goa.l of ABSYNT is thc consEuction of a problem solviDg monito. (pSM). Sone

PsM-.elei?nt research has b€€n repon€d atrout solvitg problqns in sirnplc arilhmetic tasts (ATTISHA, 1984;
ATTISHA & YAZDANI, r9$; BROWN & BURTON, l9?8; BUNDY, 1983; BURTON, r9E2; VaTLEHN &
BRO\IN, r9Eq YOUNG & OSHEA, lgEl), in quadraric e4uations (O'SHEA, 1979, 1982), in simplc algebra
problems (SLEEMAN, 1982, 1983, 1984, 1985, 1986), in geomeüy (ANDERSON, 1983c; ANDERSON, BOYLE,
FARRELL & REISER, 198?; ANDERSON, GREENO, KLINE & NEVES, r9Et) and in computcr programming
(ANDERSON, 1983b, 1987; ANDERSON, FARRELL & SAI.IERS, 1982, 1984; ANDERSON & REISER, 1985;
ANDERSON & SKWARECKI, 1986; JOHNSON, l9E6; JOHNSON & SOLOWAY, 1985, 198?; SOLOWAY,
1986; WERTZ, 1982, 1985, r9E7).

We chose üe domain of computs poglmrning becaus€ Foblen solving is lh€ mair activily of eah FograrDm€r.
FlllüErlnorc, errors can be diagnosed asily. We had to mate some mqe design d€cisioes. Becaüse üe pSM should
nainly sllp€rvise lhe planning plocrsses of lhe p.ograrnmet, we decidcd lo üse e simple progamming langllage, üe
syntax and semärtics of whicb can be le"roed in a few Sours. Wc dccided to take a pnEly frmctionäl lrnguage. Iiorn
the viey/ of cogtritive science frmctional langlnges have some benoficial chal-eteristics. So less working memory load
on lhe side of the Fogramner is obrainable by üeir p(ryenies, re-ferenrbl Fansparercy md mod. ariry (ABELSON.
SUSSMAN & SUSSMAN, r9E5; GHEZZI & JAZAYERI, 19872; HENDERSON, 19E0, 1980. FlJtrhermore, rhorc
is somc cvidence that lhere is a strong coreslondency betwaen programmer's goals snd use of futrctions
(PENNINGTON, 1987; SOLOWAY, 1986; JOHNSON & SOLOWAY, 1985, 1987). So wc avoid thc difficult
problem of irterlaving pläns in the code *hich show up in imperative Fogrdrnning langüages because it rnakes üe
diagnosis of programme/s plans raüer dificult (SOLOVIAY, l9E6). If wc tate for granred lhat a goal can be
rpresented by a fu&tioD, we can gaifl a gre3r fle bility in üe PSM conc.rning the prograrnming style of the studenl
We can offe! him facilities to pmgtlm in a bottom-sp, topdown c'r middte-out style. The slalcgy of building uD a
goal hierarchy cln cdrsspond !o the (bvel@menr of the fi$ctionrl progiam.

There de somc similar psycbological rc€sons for the use of a visual programming langüage, too. Thqc is some
evidence that less working memory load is oblainable ürough the use of diagrams if they sulpon €ncoding of
information o. if they can be used as an €xtcrnal memory (FITTER & CREEN, 1981; CREEN, SIME & FITTER,
l98l; PAYNE, SIME & CREEN, l98l; SIMON & LARKIN, 1987). Espc.ially if *c dcmand üe toral visibility of
conEol and alala flow the diagrams can s&ve as extcmal m€rnories.

The diagiämmaric sEucNring of info.mation shoüid Eßo rEduce the amoun! of vsöal informalion which is hrc*n
lo produce a higher cognidve processing load than "good" diagrans (SIMON & LARKIN, 1987). "cood" diagrams
produce automalic conBol of alrentidr with üe h€lp of location objea6. Thes€ are in our crse object icons, which are
made of two sor6: straight connectioo lircs and convex obj€cts. Iconic objects of thes€ typ€s ar€ known to conEol
pqc€p]Dl grouping and simüllaneous visual infonutiotr procrssing (POMERANZ, 1985i CltASE, f98O.

5-2 Computer Sci€Dce Brsed Desigtr Guidelires tor Visual Lsngurges
Work on the de,sign of visual langüages has jurc aanad F€nty yeas ago (e.9. I-AKN, 1980), bu! some resulrs

have b-n obrained which ,rE not conEoveßial arnong scientists. Visual Fogranming langü€ges can be dqj.rib<d by
a p.ofile in a thr€edimensional system &cording !o l) visral ertant, 2) scop€ and 3) langMge levet (SHU, 1980. A
language has a high visual exteot if graphics arE no! drere ilhsFations but play a cenEal mle in programning. They
mus! t,e 'execut ble graphics' (LAKIN, 1986). The scope of a bnguage is r me3sulc of the geneBliry of üeir
4,plicability. The languagelevel gives a hin! how abstr&t sid l'rrdware ind€?€ndent !b€ cons$cls of rhc llngllrg€ arE.

The dssign of a visud lrnguage has to bc basad od ül€ corKrpt of generalized icons (CHANG, 1987), which aie dual
Epresmlatrons of absü-act and visual parts. The type of gener-alized icons can be dividcd into obitct icons and procass
icons. Object icons define üe represenation of slalic language conshlcts, wherss process icons specify rhe
rEpre$nhtion of alaullow and coltsolflow. We w&lt ro quote CHANG (l9t?, p.gf) on lhis $bject

An lconlc system is a slructured sel of relaled icons. A complex icon can be composed ftom
other icons in the iconic system, and therefore express a morc complex visual @ncept. An lconic
sentence ... is a spatial arrangement of icons lrom an iconic syslem. A vlsual language is a set
of visual sentences conslructed with given syntar and semantics. Syntactic analysls ol visual
language (spatial parsing) is lhe analysis of lhe spatial arrangement ol icons (i.e. visual
sentences) to determine the underlying syntactic structure. Finally, ssmantlc anslyslr ot
vlsulrl language (spatial interpretation] is the intsrpretat'on of a visual sentencs to determine
its underlyino meaning.

From the view poinl of syslem implementation, to design an iconic system and a vlsual
language, two major sottwars tools are required: a) an iconic adilor lo €dil a generalized icon; and
b) an icon interpreter to p€.form syntactic analysis 8nd semantic analysis of the visual system.'

Simibr ideas stem from GLINERT & GON@AROWSKI (19E7) änd GLINERT, CON@AROWSKI & SMIIH
(1987). CHANG (f986) proposed a specification cycle i! tbe latgusge d6ign (Fieürc l). Sr'c used this cyclc for our



desigL The absträct Frrs of dle lrnguage werc sp€cfied in PROLOG äccording to some id€as of (PEREIRA 1986) as
a ruriable s?ecificarion (DAVIS, l9E2). The conEsponrting visral paru were specifi€d obeying resulis of oü o.$1l
empidcal ß!€:Ech of grrträlizjng findings and stard.rds iom cognitive peyctrotogi aDd 

"ogrritir" 
.",*"t.

Figre l: The Specification Cycle of a Visual tanguage (CHANC, f98O

The complete programming environment is implemenbd in INTERLISP and üe object-Gienta&d Iangüage lrops
(JANKE & KOHNERT, 19E8; KOHNERT & JAHNKE, 1988) to hsve a syslem wirh-direcr nariF{ad;n ;pabifiries
:1,:l f-,T :!Tt!g!l "ecessary 

prerequisite for our sysem (FAHNRTIH & ZEGLER, l985a,b; Huicrü{s,
HOLLAN & NORMAN, t9E6; SHNEIDERMAN, f983, 1987). Folowing SHLIS dimcnsionat anälysis, ABSYNT i;
a language witü high visual exlerrL low scope atd rnediüm level

5.3 CogEitive Scicnce snd psychology Bes€d Guid€lin.s tor
end Disgrabs

th. D€sigr of creplical Obj€cts

Figire 2: The lEt-ative Sp€cificarion Clcle for Computational or OFnrional Seruntic Knowledge

..Thoughüroughde.adesresarchinpsychology,physiologandcomputcrscienceh,sbeenatevot€dtohuman,
anirMl and machine p€rE€ptioo, results which cotjld guide decisio; in building ülrdial applications have .emaineat on
l fller, ry9nEl tevcl of "gesutr taws" o. phenomenological prbciples (BERrni, i6St, tge:; CAißgS[ AROss, 1967; CI-EVELAND, 1985; FITTER & GREEN, 1979; LUIA, 19E?; TUFTE, r98O; WOOD & WOOD,
198?.

In oureork werelied on empirical srüdies partty done by olhers (e.g. WEBER & KOSSLYN, l98O ,flt panly
cond*ted by o'selves. Th€ former gave us hinls conccmingrfie syrchroirisatioo of the prtptrties ofgrapirics and the
menlal imag€ry sysrem. The ratt€r de.l! widl rhe memory reprcs€nladon or dre nec prograrns-<s'crnoorn"
col-oNrus & FRANIq 1987) and ."rors which rEsullEd tom misinterpr€hrions of rhe synrai and thc semantics of
lhe original lan$age as appe3lei in BAIJER & COOS (1982). The Ias! ve.sion of the languagc *hich is ued for
lBllY-yT gqglf rftuenced by an empiricd sody of POMERANIZ (l9E and a ü€oräcaly orientrred anicle
bv sIMoN & LARKIN (1987). poMERANrz made some ca*firr studias aüut selectivc and diviared anenrion
information Focessing. one conseqience for our design *"s d.t ttne-index€d informatiqr had to be spatiar indered by
locätions' loo. Informetion *irh th€ ."me time index should have rhe samc spatial index. This mcsns drar this
info.mation should appe€r in the samc location- is In oü design a rocation is idendcal widr a visuat obircl These
insigh6 w€te slrpponed by ihe fondd anarysis of sIMoN & LARKIN ( l9sD. TrEy showed under what circumsrances
ä diagamnatic reprEsenlarion of infoihätion consumes less compuiational aesoulc€s as an informarioral cquivalent
sentendal reprcs€ntatioo.

5.4 The Iterative Specificotior Cycle for th€ DerivrtioE of lcoDic Objecß ard IcoDic Rutes
Corcerning the Operational S€matrtics of ABSYNT

. - -Though 
oür mäin .eseär.h goars lic in üe explorarion end deiugginS ofpranning proclssas we havc lo deärwitl the co-mpurärional bowledge of the p.oSrammer, too. It is orr qrinioi6at a user öf_o.r ranguage sboua tuve

suflrcien! knowledge abour lhe intcrprerer so rhar h€/she is abrc !o prcdic! the set of rhc successo, sta&s ftom
brcwledg€ of the cürrcht stat€. To get and mainlain this expenise wc havg to implcment a, insEuctional component
a!d-a help syst€m. The specificalion of üe operational tno*redge was marte in an ilerative spc.ificatio; cycle
(MÖBUS, l987a,b,c) (FigurE 2).

The 6rst step colsisrEd of the l owledge acquisirioo phae. Tfte nexr srcp led ro a ruI€ser A of g main rlom clauses
(plus some o!'erato.-specilic rules). The s€! conained lhe ninimal abslr'a"! hrc*ledge about rhe interpretarion of
ABSYNT programs. The abstract süu"ruc of a program was formalireal by a set of PROLOG facB sinilar .o an
appoach ofGENESERETH (1987, ch. 2.t.

Then we ried an icooic aepresentation of ihe frcts and Hom clauses. soon s,e re3liz€d dur a visual r€T,rcs€nlation
according to the rE{ornrnendations of sIMoN & LARKIN (19E7) was only possiblc, if wc "enriched; üe iconic
structürE, This me€ra d,at we had !o sdd iconic etemeols which werc not prese{rr in üe abstr&t stnaünc. This lead ü)
an iconic sEuctrc which .emaind ur'hanged and *as us€d &s tt'e int€da.€ of üe prograrnming envirmned (FIGURE
3).

hoblems occured if wc wanled !o teep thc numbor of iconic obi:.6 füed during a compdation of a rrculsive
program. The posolal" of roral visibiliry l€d ro a vi$al u-ace with an hforharion overload (FIGURT o. Tmc indcxcd
information was not location indexcd. so seleative arerltio'l ecording !o poMERA rrz (l9E r€s not lDssible:
computional 6rDrs were inevirable.

This forcrd üs to relar our rcquirement to use onry r minimar number of obj€ct icons. wc c,.e up with a rerared
rule set B with 14 majn nrles (plus oFxator-sFr€cific ru.les).

The behavior of thcs€ rules lead !o a new visual traEr. T'.c indcxed informÄim was oow location indexed so thar



md-ired pqrrprual grouping co ld nor occ*. Bur compubliorzl goars and in!.rrnediare resirt" were keDr visibre only
as long as the w€t€ absolurely nec€ssdy for üe ongoirg cornFräri;,
- Empiric.äl considemtions showed that lhe prograrnmer had o reconsrnrct form€r compubtions m€ntzlly, beaause
6eir rcsult disqpea€d from ihe ss€e[ so we had to rerax the minimun assumption a dnd time and inroduce even
morc vi$rl rEdundancy. This was e.g. h acclrdarE wirh dE lhird prircipte ofFITTER A CREEN (1979).

But d're w€re some othe. r€asons which inllu€'ccd the decisio; ro modify rhc rur€se! a thüd rime, Firn, n es w€rE
still recursive. This Ieads in conF{ariqls !o Foding .utes. The derivation otinshrctions torh recursive niles forr€s a
higher porting mernory load b€c$se of rhc mental fiDiolrnanc. ofa go"l slacl erirh re.om poinis- Secon4 if we had
&rived iconic rules ftom rhe absEact rul€ set B \re woütd havc gotten two disjuncrive n,les. iü there is a fair amosnr

9l_elrylTqgt gvidence rhat for humans conjunctive rutes atE e3sier ro Focess than disjuncrive rules (BOURNE,
1974; ItAYGooD & BoURI{E, 1965; MEDIN, WATTENa,TAIGR & MI-cI{ALsra, D8i. so we deaided ro avoid
disjDctive iconic rules.

A third ruleset c was det€loped with 29 (!lüs op€rator specific) n les. Now therc was even mqe r€duDaran! iconic
information on thc sd!€n. This compurational behavid was "ftozen" in our INTERLrps4rops implernentatisr.

5.5 Th€ Progremming EDviroDDcnt ol ABSYNT
Tho progrzmming €nvüonmeor (KOHNERT & JANKE, lggg) as lhe result of our specification cycle is sbown

in figure 3. The scr€eo is splir into s€v€ral .egions. on üe right and berow we have a ne.lu bar for no;es. A $Ti",rnode is divided hlo thre€ sEipe!: an input stripc (top), a name stripe (rhiddte) ana a.n ougut stripc lbouomy. 
-n*e

nodes crn be made to consEn!' or variable,s (with blrck inpu! sEiIE) or aelanguage s"ppLed pri-iti"e o,penros o.
user de6ned functidrs.

Figure 3: The programming Environment of ABSYNT

The prog'mmer se€s in rhe up!,"r half of rhe sc.e$ rhe main worbhe.! anar in the rower half anoüer one. Each
workshee! is called iame. The framc is split inlo a left palt "hsd' (in german: .Kopt-) 

and into a dghr !l3n "body"
(in gemEn: "Körpe/). The heed conlains the load €ovi.onmen! wirh pa.ameter-value brndings and rhe inction name.
The body contains the body of the fimcridr.

hogramming is done by mating up tre€,s ftom noCes and links. The programmer enrers the menu bar vili üe
mouse' ch@s€s qre node ard d!'ags the node to $e desir€d posirion in rhe fi-ame. Benerh rhe fi-rme is a covercd gdd
which orders rhe arrangemenrs of rhe nodes so that cverrfiing looks tidy. conneclions between the nodes arc drarvn
with the mouse. The connection lines are lhc 'pipelines" for rhe conEol anrt data lloe. r a Dode is missri rhe
programmer is teminded wirh a phaniom node that th€le is sorh€lhing missing. The cdir,or wems wirh flashcs if
ünEllzctic pmgr'rrhs are goirg ro be construcrcd: ctDssing ofcoüecrions, hidin; of nodes etc. The imction n me is
enlcJed by_ rhe proSrarnmer wiü the hetp of popup.meius in lhe rüt node of the he€d and the parrm€ters in rhe l€yes
ofthe heäd.

r üe fi.nction is ürlÄcticary conec! the name of the function appeaß in the fr,.e tirle and in one of lhe nodes in
rhe menu ba! so rhar i! can be used es a highcr operabr. Thc fi"me number of rhe origirar program is o. when a
problen has to be solvcd a cornpuration has to be initialised by rhe car of a funcrion. This cau is prog.aftfted ino
the ^sl,rt'-Tre€. Initial numbeß are enteEd by poFuFmenus in constant nodes in the $an tree. This tr€e häs a FJ,ne
wilhout a mine, so that the iconic bas are consbtenL

5.6 The iDtegrstioD oi rules in the srchitectur€ of rn pSM or ITS
A very crucirl point concming the "inrelligence" of an psM lies in the quality of rhe design for üe fe€dbact

sysl€m. In lit€rature two approaches have been proposei. One proposal is the explicil "debuggiry. approach
(BURTON, r98Z Va'|LEHN, l9El): Eacing sn enor wlh üe help of a diagnostic proccaurc aoa an citenstvc bug
clre.rion bek to uhderlying malrules or misconcapdons. The other idea rcsrs solely on rhc s?ecified cxpn loowledg-e
and a model of human leaming (EGAN & GREENO, 1974; SIMON & LEA 1974; ANDE-RSON, l9i3; Vlnl-Eftri,
1987a'b). According !o th€s€ nrle-bas€d üeories of hüma'' slir lc{uisition e l",mer has to b€ ap,'e of at lcast rwo
types of information: the cürcnr goal wirhin rhe pmblem and thc condilions ürd€r *hich 

'ules 
4ply. MCKENDREE

(19E, could show in ürEc cxperimenls. that "goal" info.rEtioo is cvcn mqr imporrant lhan .cmalirion" 
information

in p.onoting lsmitrg of ski[. This type of fe€dbocl d€sign is rnor€ simple !o implement üan rie 'debugging.
sFat€gy. But theie .Io stil no erlErimental comparisons between the two m€thods.

Eilher way, we havc to rpecify g@ls and rules an errEn woold üse whetr Fedicting the complation r behavior of
üe ABSYNT htrqre&.. so in d'" rast p6n of o.. paper we srDw how we trt ro ehie"e oe aesign of icooic nrre" and
visual helps.

Wh€n should rhc orlor administer fceibact? Our utorirl sEaregy is guided by "repair th€ory- (BROWN &
VanLEHN, 1980) and fol.lows üe "minirnalisl desigr philosophy" (CARROLL, l9E4ab).

This means, rhe! if the le3mer is given less (less b rrad. less overtea4 less !o ge! Engled in), üe le€me, s,il
a.hieve morE. Eplfiative leadng sbould be srpportad as long 

'" 
lherc is !rctnowledge o.r üe l€.a''Er side- Oüy if an

€trlr (Eurs fe€dhact h€comas ffc€ssdy and infürialioo should be giver fo( ds( rcaoveD,.



According to ft?air üeory an impasse occüJs, when the sulde mticcs that his solution Fath shows no pmgers or
is blocked- ln dlll siuarion rhe person rdes ro male local parches in his Foblem sotving sdaregy wiü gtDerat c/e:L
heoristics b "repair" dle Fobleln sioulion. ln olJI !]rorial sFaresl ec plan ro give f€€dback and heüps only, *hea üis
r€pair leads !o a second qrü.

5.7 Th€ GenealogJ of Rüle Sets Cotc€roing the Operstio.el SeEatrtics ot ABSYNT

s.?.lTbe First Rrle S€l A:. Minimrl hte4rret€r ir pROLOc for ABSYNT progrsEs
TIl€ sp€cification cycle (FigürE 2) led to thc 6r!I njleser Ä" The Fograln is dascn'bed ösEacily by a ser of nod€s

and a set of connecdons which are rEpresnred by PROLOG fac6. The nod€s tossess ihe atEibüres Famc-näme,
Ee€-type, instanc€-numb€r, nalne and value. Thase atFibules determine lhe location,lhe within snuc$G and dE value
of üle node.

Thc connections possgss the attributas ftame, trc€, out-instanc€, in-instance ard input-numbec They libt lhs
outpud€ld of a dode wilh the inpudield of another node.

Semäntic blo\pledge is moulded in@ two rype,! of rules, One consisß only of one "input" nrle and the orher of
s€v€ral "ouq,uf rules. The "inpuf nte (Figüe 4) contains the l o*ledge abolrt tbe migrarion of ompusrion goals
and alala b€tween the nodes. The "ougu!" rules contain thc hbwledgc abou! computations within one oode. Beaause
lhe nodes have diffeaent me3nings, *e need alifercn! 'ouFu!" rüIes. There is one for each primitivc opq-arot on€ for
üe larimetrrs in thc !e€ 'head", one for constant nodes, one for paametrs nodes itr the lee "body", (,ne for üe root in
the Eee "head" and one fo! thc computatio[ of higher (seu de6ned) oF€rälors. h th€ last rule parämetrrs are boud in a
paiallel frshion !o iheir argurnenß (ca[ by value) and thc rcw leaves of the E r "head' are pur onto the $ack
Flrthettrrcre we have ndes which contain the howledge to gereralE r00l5 and le3fs or !o chcct nod(s wiih resp€ct !o
their root or le3f statis.

inpu(fi'ame,(kane),üEe(IrEe)jnsranc.{nsuuE€)jnpuho(InFün),!.dlue(Valu€))
:- connection(fi'äme(Frsme),Eee(frce),oulins(Out_ins!)jn_ins(L$tance),in_inst_no(InpüExt),

ou@u(tsam{Frarne),tree{tft e) jnstar€-(O[_insr),nanqName)Jalue{Value)).

f F th€re is üe goal !o conputa the value of üe input wirh numb€. Inpubo ir node Instanca in lhe Eee
Tr€c in the fame Frame,

THEN lhere is a subgoal !o look for a connection, which lesds !o lhis input ftom a ye! unhopn node
Out-inst, which is th€ soürc€ of this conncctioo

AND üerE js anothe. subgoal b compule the valuc of rhe node Our-Inst
(this value is rhen rhe value of rlle goal in rhe lF pan of this nte).

FIGURE 4: The AbsFact Inpur Rule

As a fulther exarnple we include lhe "ouFu!'-nrle fo. a highe. oDerÄlor (FICURE 5). This n e das.ribes üe
call-by-€lue meahanism.

outrut(fTarne(Fmme),ledle€) jnslarcdlnsanc€)Erne(Nanre),val'r.(Value))
:- nodc_nane(fi?n€(Frdlne),8€et[rEe)jnstarce4nstanc!)Jl3rxd}{anF).

fi ndal(fu gumeot inpu(fi -an{E"ne),rco(Ir€e) jnstänc4nganc€),
inpuho0npulro),vahe(tugurnent)tist_of_s$meors),

set_of (hramere',0e3.f(fi :ane(I.{arn€),ueqhed),instanc{rEt_le€D),
nod€_ünqFarn4.lam),EE{head) jnsancqlndleaoJrarne,(paff }erer))),
List_oU,aramerrs),

fonl(pann_rAJräi(bmÄ.gIislofu B'ametn"sJ-ist_of_a.gunen6),

Gbde-narne(Fam*.{ame)Fqhead) jNtarecnstJnm)Jt m{Parn)),
alseda(node(fr aln{Name)nE{tEad),idganc€(lNt$adn)J'arE(PEnr),
vslu{Aq))))),

roo(FandNane),!€e(lE€d)jnstatu{lst_r6t-h€ao), !,
ouFu(fr&a4.lane)Jre(tte.d)jnsbncdlnst-rroo._lE:d)$n{Name),!"alü{Vslü)),
fq'a[(!3rD-aAJai(klm"Arg,üs1-ofu nBme&rslist_of-argünents),

(nodc-nan4namqllame),Ece4tead),insas4lne-rdth)Jr.rn{Paro)),
rEte(nod4n'dnre-(|,Iarne),lEqhead) jn$arqlßUurn)r.an{Pern),
v"alu{tud)))), ! .



/* lF thele is dle goal to cornFrte the oueut välue of a higlEr olEralor node,
THEN the fo[owing subgoäh häve to be solved:

- de&rmine üle node name
- compula all inpu! values of the node
- delerlnine all p6r"ame-ters of the frame whose name is identic,äl o the node name
- put the parametcr-e$ment bindings inlo the new loc2l environmeot
- 6lld rh€ h€d .oot of rhe fi-ame
- compuE the output valoe of the h€3d aoot

(lhis talue is then üe value of lhe g@l in the IF pan of lhis nte)
- desby üe locil enviroünent

FIGURE 5: The AbsEact Outrut Rde for a Higher @raror

fu we ErcE in 5.4 i! is not possible b mate a visuäl repr.sention of facts ard njes ftoft s€t A. We "enriched" lhe
iconic strucEre by adding some iconic ol€merls. FIGURE 6 demoßü?lcs how the computatioo of rhe pell-lnown
faclorid would loot like, if we ke€p rlte numb6 of object icols to a minimum: there ij onely one tsame for r€cütsive
compubtioos and int€rmedia@ res:ul6 and compuradon goals (rep.es€okd by "?") disappqr wher no loog€r ü€€d€d for
the computation.

We s€€ tha! value ard gcl $acks are colapsed inlo the valious fieLls ofa node. For lhe application of an op€talor
we have !o sclec! ell numb€rs wirh rhe samc time inder. POMERANTZ (198t showed that üis kind of selective
attentiod is exAemely dilficutt and not t-ainable. If rhe frDcticn gels morE complicated like a Ee€ recürsive fr$ctiol, a
diagramnatic infcrmation of lhis kind would be cornple.tely misl€ading

FIGURE 6: Trac€ within ä HJTothericd Envionment According !o Rule Set A

S.7.2Thc secoDd rule set B
We had lo modify tulc set A b..ausc of the fo[owing re3sons, which resuh froln constsainß in rhe human

inforrnariod processc:
l) Üly undesired perceptual glouping of irformarion in operaror nodes and 2) because we wanled ro rcpre;en! the

abst'a.trules visualy iconic rules with disjunctive condirions have ro bc avoided. Iconic ntles with disjünctive
conditioß require seleativ€ attcntion, which causes matching cnors end longer p.ocessing rirnc (BOURNE, 1974;
HAYGOOD & BOIJRNE, 1965; MEDIN, WATTENMAXER & MICIIAIJKI, I9E7). This required €rious
modificadons of the ösaact nt€s. The 'ouFüt" nte for a highcr op€rabr had to b€ modifiei. When a higher (Jptralor
b crle4 a nesh c.py of the original Farne is crEated. The copies of thc fames are 6dend by Fame numb€r ard ale p t
on a fi'ame slact. The arguments are copied ir I'3ra'llel inlo the parameter I€ves of üe head. Nodes ?rnd conrcctions
get the new atEr:bute Fame numb€r, loo. This allorr's to locüion-ider time-indexed infcdnation. The 'ouFu!" rule for
higher oper-ilors is spli! inlo tkee rul€s correEpnding !o thc aall location (sisrt Eee, body Er. *ithin Fame wirh
different mm€: 'ösEactio[", body Eee lrithin Fame with same name as called op€raron "rEcüsion).

Because we used rccursive nrles, üc conEol and data flow occured thmugh the paramer€rs. An iconic rel'rEsenlatjon
would require tlut intermediate resulls shodd be visible only when they belong to a pending operarion. So
interm€diate results "die" beforo dle cdrespondjng fi'ame "dies". This is not optimal &om a cognitive sci€nce poior of
view, because a pmgrammer who wants to rec-apitulaE the cornputation hislory has to reconsEuc! meoElly th€ already
obtained results. This l€ds to higher wo*ing memory load for the Fognnün€r.

5.?.3The third sct C: objects rDd rul.s
The third tule set iras morivaßd by tlle postul|le, thal tlE erEn! of the in@rmedial€ resul! shodd no! er|d b€forE

üe life of a frame eods. This seemed lo rEquire or y a few changes to the visual inte.facr. But 6c absf&i nles had !o
be ree.ritten complel€ly. There is rc "inpur" rule any longe.. We havc 18 "oupu!' rules insr.ad which aI losi thei.
parameters. Lite Foduction rules they rnanipulac üe nodes di€c{y via üe dalabasis. Compuration go€ts (.?) and
input and output values a& w'iueo inlo üe nodes. For this püpose a rcw aüEibute input-sEipc is added ro rhe nodes.

We have includei eümples for absuacr parts of objecl icons in FIGURE ? lnd examples for absr-ac! rllles in
FIGURES E and 9. The PROLOC facls in FIGURE 7 describ€ two nodes and two conftctions in lhe incomplele
pmgram of FIG1JRE 3. Borh nodes are in rhe root position of the he3d and üe body of üe FogtEm, resperrively.



rx)de{fi 'ame_natne(F).),6'ane_Ddo),ft ._q/pqhäO jLs6.rr-m(2),

_ 
hry!-süpc{lemFyDrrhc_sEipqrr)pup,r_sipqernpryi).

nod{8.äme-narne(bc), fi-ame_m(o). dE _typqbody). inslarEe_n(l D,
input-stiF(empry,cmpry,.mptyl)$ne-sdpqi0, ooqur_sripe(empty;1.

conneclion(lilme_name{f&),tan|e_nd0), E€e_typ{hcad), out_insancc_no(D,
in_insta&_no(2), inpur_no(r)).

csnection(frarnc_n m€(f*).t'anc_no(0), rEe_typqbody),ouLil$rance(10),
in_insraff!_no(l I ) 

jnput-no(3)).

FIGURE 7i An el,mple for Abstract Nodes and Coone.rion3

ouQu!:-
frsLsolution(focus(fa.nc_name.(Frame_däme),tsarnc_no(Farne_no),Eee_q/peGrce_typ),

instanc€_no(trsrance_Do))),
nodqfarne_namo(Frame_name),t'arne_no(Farne_no),EEe_type{ree_t),!e),

in$ancr_ndln$IEc_no)jrpur-sEipe(InpuuEipe)$ne_stripe(I.iarne_stripe),
ouFuLsEtqOüpür_sEipe)),

Tre€_t)lp€ = sta$
OuFut_sEiIE = ? Jü"ll(oo(ElemenrJnpuLsEipe),vatlje(Elernenr),
higher_qerar.(nam{Name_sipe)),
New_framc_no = I,
no(exist_t-ame.(tsame_narn4.lane_srip),tarne_m(New_tame_no))),
copy_f ramd6"arne_Dam{Name_snipe),fi 'arne_no(Nsw_fi ,ame_io)),

roo(tsarnc_nurh4{arne_sriDe),&arne_rc(l.lew-tafi E_no),tce_t),p{t!e€O,
insanc€_no(ln$aff€_no_rcot_h€ad)),

nodiry(nälne_narrd|,larne_sEipe)dElne_rF0.{ee_fi-arhc,m),üeo_type_(head),
ißranc!_no(In$nce_no_roo!_heaopuQutjEipc{ ? )),

nodiry(fiane_nan.(l'{arne_sEipe).Fame_ndl.{ew_fi.ärne_no),tr{Ltype(lHd),
insonc€_nog$tance_no:root_head)jllput_stsipe{nFr_sEip€)),

bindJa.an€re(inF!-sEiF4nptrL*.ipe),t'ärne_namqName_stipe)Jarne_no(|lew_fr.ame_no)),
assqla(f€us(fi 

"mc_nam{NanF_stipe),t-ame_nq}f 
sw_i.ame_nc)

inslanc!_no0nsta&_no_.oot_hed)),
ou!pul

/* IF the focus is on lhe oode
and üat node brs thc folowing fertu.es:
(1) The mde is locat€d in tlp $an Ee€.
(2) The ouFüt-sEipe of dlc node contains a "?'.
(3) The inpulsripe of the node contains all input rrlues.
(4) The node n rne is a higher opcraror.
and dt€re is m r€laled Fame.

THEN cr€are üc rrlaled Fame.
De@rmine i!'s head root, put e "?" inro it's ouFu!_sEipe.
Tnnsfer dle itput_sEipe ofüe nod€ !o dle tE€d roor
Bind üe poramerss and Frt
th€ ne{' focus'head root" onlo the s-tacL ./

FIGIJRE 8: AbsEacr Rule 8 (Flrsr pan of Call-by-Value, call in sran Eee )



oulput i
6rs!_solutior(focus(fiame-namdhatne-narne),fiame_no(Räme-no),tr€e-rypeCltee-D?e),

irßlancr_ndlnstarre_no))),
node.(fame_name,(Rame_Dame),fi ame_no(Frarne-no),Eee_typdlree-tt?e),

insEnc€_no(Ioscaice_no)jnput_sEipe(Input-stipe)&me-stsip€(Name-$ripe),
ouFut_sEipe(OuFur_sripe)),

TrEe_tpe = sCart,

OuFut_stsipe = ? foral(on(EtementJngrLstrip€),value(Elemerit)),
higher_oD€r"ror(narne(Narne_srriDe)),
New_bame_no = I,
check_rälue_of_telar.d_fi 'anle(reLred_fi 'ame-nalne,(Name_süipe),

rclaIed fr€lIIe noNew fi'ame no),
rolated_ft ame_r"lue{OuFut-.sEip_rmt_h€ad)),

nodify(fi 'Äne(Fralne_nane)Äame_no(Ellne_no),tee_lyFtft ee-tyP),
instance-no0nganc€-no),output_sEipe(Output-stipe*rmlhe€d)),

delete_ftamqf rarne_narn4,larne_süipe),fi anp_no(t lew_f .äme_no)),

reaac(f@us(&ane-Em{kame-name),tsame-no(kame-no),!E€-t}pe(tree-tne),
inslance_no(Inslance_rlo))),

oütpuL

/t IF the focus is on the node
ard thal node has lhe following features:
(l) The node is locäl€d in the start Eee.
(2) The output_stsipe oflhe node contains a "?".
(3) The input-sEip€ of üe node contains all input values.
(4) The node narne is a higher opcrälor.
and the bead root of the Fame Elated to the node contains a value.

THEN Eansfer lhis value into rhe ouFut-stnpe of the node.

Delet€ lhe fiame.
Pop üe focus. */

FIGURE 9: Abstract tule 9 (Second pfft of Call-by-Valüe, call in $an lI@ )

5.9 lconic Rules for lh€ Instructiotral Compobebt snd . Help System
On tlle basis of rule s€r B and C we developed iconic rules to descn'b€ üe operational behavid of ü'e intetF€iet.

Because of space rcsFictionj we can only show the nrles fton set C (FIGURES 10, I l), which ole r€Fesentation of
üe poducdonlike PROIt(i lules of FIGURES 8 and 9. At the preseni momeor these nles are not impleInented in an

instrucdonal or help compo.enL Bu! they sle used succ€ssfuIy in exprimerts where novices are rcquested to Fedict
rhe computation sleps of the interpreter. Each nde consisls of a descaiption of lhe Eiggering siüration and a de'scdplion

of the situation after the nr!:s has been applied. We tried io nake lhe n es self-explanalory as much as possible. So

we ne€d only a short introducrion to erplarn the syohx of the iconic rules.

FIGURE l0: Iconic Rule on lh€ Basis of Abstract Rule 8 in FIG{JRE 8
(Firsr pan of C€I-by-value, call in sEn Ee€)

FIGURE lt: Icanic Rule on the Basis of Abslr&t Rule 9 in FlGl.lRE 9
(Se.ond pa$ of Call'by-Velue, call in slan ree)

we found tlut the sententirl informalion is used only in si[retions when atr impasse in the computational process

occurs. Novices were able lo predict üe interptBler in less th3n five hours legrüing time

The nex! step is !o impftmen! the rules for insaucdonal putposes so that the inl€rprercr becone! seuerplainins.

Thk situätion can anse when the strdent is üncertain aboüt üe calculation Droc€ss of the machine.



6.Sunnary
We reviewed the litra$re on CAI and ICAI systems and discussed some design principles ftom a cognidve science

view. We discussed sürdent models and plan recognirion as important r€seärch goals bd also sEessed lhe ihportance
of a mther neglected topicr design of the "student inpul". We need very careful and hrcc/ledge-crafl€d instruclions,
interfaces and helps so thd our plan diagrosis and student modelling componenb get the opportunity to work
sadsfactorily. As an example we inEoduced iconic rules which lunsmit information in a diagr3mmatic foml. Only if
no phäse of the design process is omitlEd we will achieve Eue "inteligenf CAI.

S.Appendices

8.1 Appendü A: lnstrucdons fo. reading the bmk "Analysis of Behavior" (HOLLAND & SKINNER,
196r B.vüt, p.l f.) wiü an excerpt of parl I:

To tbe Stüdent
Wilh this book the sodent shoulal be able to instruct hims€f in dut subsontial pafl of psychology which deals with
üe analysis of behavior - in particülar the exp)icit prediction and control of behavior of lEople. Th€ pracdcal
importance of such a science scarc€ly ne€ds lo be poinrcd oul but un&Istanding and effective üse of the saience require
fa y detailed krcwledge. Thjs program is desiglled to present the basic t€nDs and principles of lhe scienc€. It is also

designed to ieved üe inadeqoacy of popula! explanations of b€havior and to Fepare rle sqldent f6 rapidly erpanding

exrensions into such drverse fields a5 social behavior and psychophamucologJ, space flight and child care, educadon

and psycholherapy. This book is itself one application of the science.
How to Use the Book

The matorial was designed for use in a rcaching ma.hine. The tqching machine FEsents e3ch

ircm automatically. The student tr{ites his rcs?onse on a sFip of Fper revaled ihrough a window in the machine. He
the operate,s the machine to make his *ritten respons€ inaccessible, though visible, and to uncover the colrecr response

for compadson.
Where machines äre not available, a programmed rexüook such as lhis may be used. The corr€ct rcsponse io e3ch

irem appears on the following page, along with dle next ilem in lhe s€qrenc€. Read each il€rn, wril. your response on
a sepafite sheet of paper, and then nrm the page to se€ whether yoü answer ir cofiect. If ii is incorrect, malk an "x"
beside iL Th€n rcad and answer the nert question, and turn lhe page again to check your answer,

Writing out the answer is essential. Il is also essenlial lD w'ile ll belorc lmking a! the cofiect snswer. When the

srudent, though c,ell-intentionei, glancss ahead wirhout fißt putting down an answe. of hrs own, be commits himself
io only a vague and poorly formulated gness. This is nol effecdve 6nd in the long run makes the rotäl täsk morc
dimcdr

h is imponant to do each item in its proper ulm. The sequence has been c€refuly designo4 and occasional apparenr

repetitions or rcdundancies are therc for gmd reason. Do not skip. If you have ündue difficulty with a s€t, rcp€at it
before going on to the terL A good rüte is to rcpeat any set in which you answer more rhrn l0 per cent of the items

incorrectly. Avoid carcless answers. lf you begin to make mistates becaüse you are tirEd or not lookilg al the malenal
carefutly, tate ä break. If you are not able lo work on the material for a pcriod of several days, il nay be advisable to
Eview the la$ sel completed.

The review sets will help you to flnd your we€knesses. lvlen you miss an it€m in a reviow s€l jot down tho set

numb€r given in the answer space and rcview that s€t ailer you hav€ corhplercd the review sel

Ple€se insen pages I + 2 &om HOLLAND & SKINNER here

8.2 App€ndix B: Excerpt from FRIEDMAN'S 3nd FELLEISEN'S "The Litue LISPer" (1987)

Please inse{ pages 3 + 4 ftom FRIEDMAN & FELLEISEN here

8.3 Apperdix C: A dialog with ANDERSON'S LISP tutor
(ANDERSON & REISER, 1985; ANDERSON & SKWARECKI, 1986; ANDERSON, 1987)

Appendix C



t.4 App€Ddlx D: A veröel dasciiptior! of drc opcräri@al scnandcs of üc rlclmivc "calqtatbD shclt" nrllinc,
ancrabplcdadiagd natic f(rn Fogt?|rn ard drc codtqordiDg !e

t.4.1 A v.rbrl instr[ctloE
Thc v.rüal ilsütrtinl sters torn üc pagca I lo.f t3 of BAIJER & C,oOS O9&2).

Alpcndü D.r

8,4.2 A "crlcüLaioD shaat" progtrh
This Fogradt is shoen on p.gc 104 of BAT ER & GOOS (19t2),

A!'pcndü D2

t.4.2 A lrrc. in coEpüllDg lh. frctorid(3)
This lacc csll hc foürd on p68r I f2 of BAUER & GOOS 0982).

Appcndü D.3
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Bule 8 : cohpr.Jtlng hlgher op.rstor hod. ln 6t6rt trec:
llaklng lr6me, blhdlng parutncter3, passlng gost to hlsd ,oot

Silual ion: A .?. is in lhs output st ip€ ot a high€r operator nod€.
The nods is part ot lhe stan lr€e.
Th€ input strip€ of th€ node contains only valu€s.
There is no trame wllh the operatois name_

3lart

# hign", operetot node

Action: Meke a frame with the op€Elo/s nam€ and fraFl€-no. .t.

Writ€ a '?' inlo the oulput slrip€ ol th€ h€ad rool of this frams.
Write the input values ol lhe high€r operator nod€ inlo th6 inpul strip€
of this h€ad root, pr€serving their ordsr.
Writ€ lhe valu€ of each inpul lietd into lhe ougut ti6ld of ths
link€d h€ad l€at

he3d

, rla rt



Rule 9:
Situalion:

Felchlng vlluc lor hlgh.r opcr.tor nod. ln .tart tr..

A '?' is in the oulpul slripe ol a higher op€raror node.
The node is part of lh€ stert trc6.
The input strif)e of the node contains only valuBs.
'l herc is a trame with lhs operator'S name and lrame-no. l.
The outprrt stripe ot lhe head rcol of thls ftarne has a valu€.

body

Aclion:

3lart

<- hlgher opeßtot node

Wil€ lhis valu€ into lhe outpul strip€ of lh€ high€r op€rator nod€ and
d€l€l€ the lrame sp€cified above.



23J Die (r.lu6ire) ForEotrntldlo.

D€r Gang dcr B.rcchnung cincr Rcchcnvorschrifr isr bis auf Koltatcralirär
durch cin zuSchöri8.s Formular fcsrgclcgr Komlnr im Formütar sctbsl wic-
dercinc Rcchlnvorschrift ah Op.rariotr vor-, so isr ciD Formutardicscr Re-
ch.nvorschrifi anzul€8€n (,Aufruf) ünd d.rcn ErSrbnis schti€ßtich dctzu-
übenragen. Di.s 8ill auch für cinc rc*üßiv dcfini€rr. Rcchenvorschrifr - mir
dcr Bcsond€rhcil, daß im Laufder Bcrcchnung .ntsprcchcnd den rclursivcn
Aufrufcn w.itcrc Excmplare dcs Formula6 cb.n dicsc. R€chenvorcchrifr b.-

Zujcdcm Aufruf wcrd.n in ein r.ucs Ercnp'ar des Fofrnutars zunächsr
linkss.itig dic jcweiliscn Artuhcntwcnc cinalrragcn (coII bJ ualue'r. Mzn
ncnnlj€des solche Er.mplar cine Inl.rürtiotr d€r R.chcnvorschrifri um dic
Übersicht ar bchallcn, kann man dic IntaEalioncn und dir cnrsprcch€ndct
Aufrufe im v.rlauf d€r Bcr.chnung durchnuncricrcn.

Für des r€tußiv.n Fall ist cs nün b€sondcrs b.dcursan, daß di€ Fsltün-
tcßcheidung cin€ arbeitssparcnd. Auswahl trifft: nrchden di€ Paramct.ö.,
zlichnunger durch di€ linksseitig fcslgcslclltcn Argumenrwcrt€ €rs.rzt sind,
*c.dcn dabcr auf dem Urformular llnd allcn folgendcn rnhmarion€n mög-
lichst zucrst dic BcdinSungcn aus8cw.nd und sodann dic unzulässiget
Zwcige 8.happt. Dic Rckursion cndet mit lnkamation.n, i' dcn€n tcin
Zwcig n€hr v.rblcibt, dcr cincn rekuß;vcn Aufrufcnthälr. Die ganzc Bc.€ch-
nung lcrltritri.n (für cin€n bcstimmten Pa.amelcßarz), \r,enn sic nur cndlich
vielc hk:mationcn bcnötigt.

Di. Tärigtcir cincs M.nschen, dcr auf dics€ W.isc nit Formllarcn arbci
tct, &arn in Ginsichtiger Wcis€ auch hcchanisi.n wcrd.n. Man ßclansl so
zuh B.BrilI cincr rclußivcn (GcdanrlnrMaschin€, der Fomulrrl[rrchirc,
ir dcr dic vollc Frciheit der Ber.chnung noch .rhaltcr ist. Man bcachrc, daß
.in ncucs Ex.mplardn€s Formulaß auch dann ang€legt wird, wcnn dic Slci-
.hcn Argumcnte schon einmal aufgclrclcn sind: di€ Foinulannaschinc
nacht (auf dcr hicr g€schilden€n Stlfc) von cin.r möSlichcn M€hrfachv.r-
wcrdung cincs ErSebniss.s tcincn C€b.auch.

Das obcn crwähntc Kappcn von Z*ci8cn ist insbcsondere dann ohnc wc;
tcrcs rnöglich, w.nn in dcn Bedingungcn l€inc r.kußivcn Aüfmfe vorkon-
m.n. Noch übcßichtlich.r ist dcr Fall dcr !iDe$ Rctüriior, bci d.r aüß.r-
d€n in dcn cinzclnen Zwcigcn der Fallunteßchcidung höchstens .in r.kußi-
vcr Aufruf vorlommt; dann wird nämlich in jcdcr Inlamation höcbstcns
cidc n€ue lnlamation ang.stoßen. Fsst allc bishcr bchandclrcn Beispirle
fallcn übri8.ns in dicsc lcassc.

Fü./ac von 2.3.2 aö.it.t cinc Formulannaschinc wi. in Abb. 59 snScge-
bcn. Typisch für die R.kußion isl das ,Nächtlapr'lm' d.r Bercchnung: Eßr
wcnn dic Rckußion mit der t dkamation /ac(:) 8ccnd.t hst, werdcn di€ ru-
rüctScstclh.n B€rechnun E n i\ lact'1t,faco wd tacro) durchl'Öhöar ünd .uch
durchg€fühn'5i das Urformular /ac(o) licfcn schlic0lich das EndcrS.bnis.
Das Nschklapp,-cm tann in b€sond€ß tclagcn.n Fällcn von Aufruf.n zu ci
rcrn bloß.n RüctübcnraScn der ErScbniss€ d.r cin2clncd ldtamariorcn d.,
g.ncri.rcn, wi€ Abb.60 für das Beispicl s.dr(15,9), v8l. 2.3-2 zcigr. Ein sol-
chcr Aufruf h€i0t ..blicbt. Wcnn in lin.ar.r Rctußion ausschli.ßlich
schlichtc Aufdfc vorli€gcn, sprich( man von r.p.tlther Reku.rioD.

Bci lin€ar rckußivcn R.chcnvorschrificn ist - rbgcschcn von dcr !on5r;
gcn Kollaterahär dcs Formulaß , dic Rcihcnfolgc, in dcr di. bcnödgr.n In-
karnationed angcstoßcn w.rd€n, cindcurig bestimmr. Dics ist nichr notw.n-
dig so in allg€ncin.n Fall: w€nn in cincm Zwcis hchr.rc Aufruf. vortom-
m€n, so crlaubt dic Kollateralirlr unrcr Umständcn vcßchi.dcn€ Rcihcnfol-
gcr uDd logar Parallclaö.it.

r F0r p.ioitiv., d. [. d.n tu8ru.d.li.!.nd.n R.cbcßhhuEn .rIslrnncnd. oP.nrid
n.. i.r l.ir Fomül.r crfo.d.rlich.



Abb.5a. Fo6ut.ryd/&



Abb. 59. Aöci!r.i.. il6 Fom{l.'ln .Oi* lü l.irpi.l JL.(3)


