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0. Abstract

One ot the many diflicult problems in the development.of intelligent 
"9tpl!91 1q:9

instiuction (lCAt) is ihe appropiiate design of instructions and helps This paper adresses the

"'i".i-" "i.-ti.i'i;; in;iruäionat and-helD material concerning the operational knowledge

äiin" uiiuäi tunäiönal programming lariguage ABSYNT (ABstqct sYNtax Trees) The

i,liiirnäL 6ärät tnJ pio;eci ts io buird i problem-sorv!-s. m.onito.r (psM) for this language_and

th; ;;ää;;"dlü o'ioq'rammins environhent. The PsM should analyse the blueprints ol the

;i;;;i".6;;;ääen"ü and pioposats (SLEEMAN & HENDLEY, 1e82) First, we will explain

;;;;;il;äii;-ioi ;nooiins thl. aotain of discourse. second, we will shortlv present the

;;;d;;;;;; enviionmeni of ABSYNT. Third, we represent the development of 
- 
two

äit.,i"äti"ä zlO-rutesets (appendix A, B), which describe the operalional semantlcs of the

Ääsvlii i"l"rpä"i it,d <ieiveropment of the 2-D-rutes was guided by. cognitive psychology

änJcoönitiuä äntineering aspecis and resutts ol an empiricai study. The study showed that

the rule-s were cohprehensible even lor computer novices'

1. lntroduction

Themainresearchgoalo'ABSYNTistheconstructionofaPSM.Wechosethedomainof
_üöi,iäipi"öi.nÄini because rhe main activity of the programmer is probtem solving,.a

,Ä-"äfluänt "r"se"rcli area lrom a cognitive sciänce point ol view. Because our PSM lvill

;;;i ö;ä1'|-jih"-ptänning processös ot novices iri depth' w€ decided to use a simple

oioorammino'lanquaqä, the sintax and semantics ot which can be 1earned in a few hours. We

5;;;;;; ä ;;;;i;-tüiciiorär lansuage. From the view of cosnitive science runctional

ä"",ir"j'äJ fä"Jdome oänericiat chäraäeristics. So tess working memory load on the side of

ir.,ä'Jti?,-räü","i i" oOtainaUte by their properties, "referential transparency" and "modularity"

iiirt'n"-riöiä. in"le iJ sore rivioenie ihat there is a srrong correspondency between

lThis research was sponsored by the Deutsche Forschungsgemeinschatt (DFG) in the SPP Psychology of

Knowledge under Contracl No. MO 293i/3'2
2We are gratelulthat Gabriele Janke and Klaus Kohnert impleme ed ABSYNT in INTERLISP and LOOPS, that
Heinz-Jürgen Thole did part of the rule-based programning in LPA-PROLOG and that Klaus-Dieler Frank assisted
in empirica' research and did the lirst implementation of the help system in HYPERCARD.



Droorammer's qoals and use of functions (PENNINGTON' 1987; SOLOWAY, 1986;

loÄrisoru a sbrownv, 1 985, 1987). This correspondence helps to avoid the difticult
problem of interleaving plans in the code which shows up in. imperative programming

i"nguages. SOLOWAY(j 986) has argued that this kind of interleaving makes the diagnosis oi
pro"grairmers plans rather diificult arid time consuming. lt we ta](e for granted that a goal can

be iepresented by a function, we can gain a great deai ol llexibility in the PSM concerning the

orooämmino stvle ol the student. We can offer him lacilities to program in a bottom-up, top-

äor,r"n or mid'dle'-out style. The strategy ol building up a goal hierarchy corresponds lo the

development of the functional program.

There are similar psychological reasons for the use ol a visual programming language'

There is some eviddnie thailess working memory load is obtaina-ble through the use of

.lirnonr." it ttreu suoDort encodino of informätion or if .they can be used as an external memory

ieräin a GR'EEN. i 9s1 : GREEN. stME & FlrrER, 1981 ; PAYNE, slN/E & GREEN' 1984i

ijnXf f.'f a SiUtOt't, i Sez1. especiatiy il we demand the total visibility ot control and data llow

the diagrams can serve as external memories.

The diagrammatic structuring of inlormation should also reduce the amount of verbal

intormationl which is known to produce a higher cognitive processing load lhan "good"

;;.;,ä;;iLAÄKiN & slMoN, 19ö7). "Good" dägrams enable automatic congol of attention

;-,äüä ndr" äi ttr" täcätion ot oOiecti. These are in our case objecl icons of two sorts: straight

io n näctiäi 'li"eJ änJionu", o61eas. tconic objects of these types are known to control

p"ic"-pr'iräi giorpi"g and simultaieous visual inl'ormation processing (POMERANTZ' 1985;

cHASE, 1986).

AVervcrucialoointconcerningthe''intelligence.'o'aPSMliesinthequalityoJthe
f",iänä(.u"ter äesion. ln this päper we are-restricting ourselves to an instructional and

iääi6äJl'"iJr". Uä!;ä on z-o-ruied describing the operätional semanlics of ABSYNT. Other

äöi,iiJiitär äpötöühes specitying the semaniics of ä language (ALBER & STRUcKMANN

igaC; FÄcÄlrj iggt ) are siriteaioicomputer scientists but not lor programming novices'

When should an lCAl system administer feedback? Our tutorial strategy.is guided by "repair

rh;;t; (BÄöwN a vaär-enr.r, 1980) and Jollows the "minimalist design philosophy'

icÄnholr. 1984a.b). The latter meanö, that il the learner is given /ess (/ess to.read, /ess

övernead, /ess to gei tangled in), the learner will achieve morc. Explorative learning should

O" iroootteO as loiq as lÄere is preknowledge on the learner side. Only if an impasse occurs

feedbääk becomes necessary and information should be given for error recovery'

Accordingtorepairlheoryanimpasseoccurs,whenthestudentnoticesthathissolution
.^inlno*r"no orJo*ss or ii Utoctdd. ln that situation the person tries to make local patches

i"-üi"-oioür.'ti Jof"inä-strateqv with general weak heuristics to "repaif the problem situation
j" ä,]|'ilt"rri .liät"g"y "" 

päil ro giie feedback and hetps only, when this repair leads to a

follow-up error.

2. The Programming Environment ot ABSYNT

The Droorammino environment ol ABSYNT was developed in our projec{, using ideas from

t " 
jii"ri"tiän 

!n""ät mactrine' (BAUER & coos, 1982). The comptet€ programming

änuironrent was implemented in iNTERLISP and the objectorientated language. LooPS

iiÄr.rii a iorNEÄi, r see; koF{Nenr & JANKE, '1988) 10 get a-programming. environment

;ft;"äir;i';ä;bulätion öapabitities. Following sHU's i1986) and cHANG's (1e87)

ä]ä!Ä"är änäi5i",leSvl.li is a tanguage with iigh visual extent, lows"ope and medium

b;el. ih; AgSVNt-environment comprisäs three modes: a programming mode' a trace

mode, and a prediction mode (KOHNEBT & JANKE, 1988)'



2.1 The Programming Mode

The programming mode is shown in FIGURE 1. The screen is split into several regions On
the right and below we have a menu bar for nodes. A typical node is divided into three stripes:
an input stripe (top), a name stripe (middle) and an output stripe (bottom). These nodes can
be siecialised to constants or variables (with black input stripe) or are language supplied
primitive operators or user defined functions.

FIGURE 1 : The programming mode oI ABSYNT



ln the upper half of the screen the programmer sees the main worksheet and jn the lower

hal.i a subb'rdinated one. Each worksheet is called frame. Frames are split into a.left part
"n""0' fin German: "Kopl") and into a right part "body" (in German: "Körpef') The head

coniaind tne focai envirön;ent with pararietei-value bindings and the function name. The

body contains the body of the funclion.

Prooramming is done by making up trees from nodes and links The programmer enters the

menu 
-bar with the mouse, chooses one node and drags the node to the deslreo posfilon ln

tnÄ framä. Beneath the frame is a covered grid which örders the arrangements ol the nodes

"o 
ttr"t äu"rytning fooks tidy. Connections bötween the nodes are drawn with the mouse The

;;,;;;ti"; iines-are tne "iipetines" for the control and data flow. lf a node is missed the

oiooi"rre1. i. reminded witti a shaded grey node that there is something missing. The.editor

;-;Ä; ;liü riash;; ii unsyntactic prdgräms are.going to be constructed: crossing of

"ä,iiäalö.i, ""ä,t"pping 
of irodes etö. Tie funcrion näme is enrered by the programmer-with

the help of pop-up-rilenus in the root node of the head' Parameter names and values lor

"on"tarit" 
urä dntered in lhe leaves of the head and the body by pop-up-menus, too'

lf the {unction is syntactically correcl, the name ol the lunction appears in the frame title and

in ä,iäliit'e noO"i in the m'enu bar so that it can be used as a higher operator..When .a
oroblemhastobesolvedacomputalionisinitializedbythscallofafunction.Thiscallis
;;;;r*;;A into th" 'St"rt*Tt"". lnitial numbers are entered by pop-up-menus in constant

Iäaä" iÄ ttä stirr tree. This tree has a trame without a name, so that the iconic bars are

consistent.

The design of the programming mode is motivaied bv regardin! the qpergtl?n3Lll-o11q9:
of ABSYNias a necessary prerequisits lor the development of planning and programmrng

;;;;t;i;;. inails. teaturei wt'ich are necessary lor thä understanding ot the computational

;;;;;;;ä;" ;ü;;iizääln rne prosramming möde as well as in the orher modes or the

programming environment.

2.2 "f ßce Mode and Ptediction Mode

lf the user has programmed a start tree for his program'- he can run the pJ99'1I 9F-q9i-u
trace for it. FIGÜRE-2 (a to d) displays g ditterent states of.the.trace lor the l-rbonaccr runcrron.

ir.,ä-J,üiä" äirn.lräö is a'resütt 'of our iterarive specitication cycte in rh_e developm_ent of

;ü;'ä;Jü;;"i pö"ä"" i"on" (MöBUS & rHoLE, igea; llÖeus & ScHRoDER' 1s88) ln

tt'äääiä "iiä*üiü" 
programs, tÄe frame actuallv computed.is in the upper half 

9J !h9-i919-91:
ihl fä*"i tr"tt 

"ho*s 
thdlrame one level deeper in the stack, so that the recursive call stays

visible.

aa an axnadmental tool of the ABSYNT environment, there is also a prediction mode Here

ttre'user ä:in priOict the actions ol the interpreter, that is, compute ABSYNT-programs by

üii""rt, 
"ä 

tnä nJ ian smoothly acquire the operational knowledge for ABSYNT'

3. Preliminary lnstructional Material and Semantic Bugs

Our starting point for developing a lunctional visual programming language was a paper-

,nai--n.ncit srüdv where we did s6me explorations withoui any computer implementations

Fää'ü;""i;;ä"'6itiiy "rräiil 
a verbät specitication of thö syntax and the operational

i.""äirrdoääl iiruäiateci by siinpte pägämJ äÄo trees (MÖBU5 &-ScHRÖDER, 1e88). rhe
goals ol the pilot study were:

- to get suggestions for the design of the language and the interface-
_ iä iärr"Ä-&;ä"tic and semaniic bugs in oräer]o find reasons tor bugs and conditions

under which theY occur
- to study the memory repres€ntations ol example programs
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A detailed description of the feasabilily study is provided in SC-HRÖDER, FB4ry{ &

COLONIUS (1987) and COLONIUS, FRANK, JANKE, KOHNERT, MOBUS, SCHRODER &

THOLE (1987). Among other things the subjects had to compute the value ol various
programs, simulating the ABSYNT interpreter. Then we analysed the observable
computational errors.

However, this collection of semantic bugs gavs rise to the following problems:

- lt was unclear whether the bugs arose because ot ambiguities in the inslructional material
(the verbal description ol the operational knowledge). Therefore, we could not be certain
whether this description could actually be viewed as the semantic "expert" knowledge,
which in our opinion is a prerequisite lor a user of our language to plan and debug
efficiently.

- The verbal description of the operational knowledge is a poor base tor a more detailed
and systematic döscription ol the observed bugs in terms of missing or wrong pieces ol
knowledge.

- lt seems unnatural to construct a verbal specification of the operational knowledge for a
visual programming language. The design ol a visual languags has to be based on the
concedt oigeneralted icona (oHANG, '1987), which can be divided into object icons and
process icons. Object icons define the representation of static language constructs,
whereas process icons specify the representation of data tlow and control flow.

Therefore, we decided to use a runnable specification (DAVIS, 1982) of the language as a
loundalion for constructing process icons. These process icons were then programmed in the
HYPERCARD-system and used as instructional and help material lor teaching purposes.

4. Construction ol lmproved lnstluclional Material: Process lcons

The specilication of the operational knowledge was achieved in an iterative specification
cycle (MöBUS & THOLE. 1988: MÖBUS & SCHRoDER, 1988). The fißt step consisted oI the
X'nowtödge acquisition phase. The next step led to a rule set A of I main Horn clauses (plus

some operatorlspecific rules). The set contained the minimal abstract knowledge about the
interpreiation of ABSvNT programs. The abstract structure ol a program was formalized by a
set of PROLOG facts similär to an approach of GENESERETH & NILSSON (1987, ch 2.5).

ln the next step ot the specification cycle we tried a 2-D-representation of the facts and
Horn clauses of rule set A. ihereby, we kept in mind design principles which are motivated by

results ol POMERANTZ (1985) and LARKIN & SIMON (1987). POMERANTZ made some
careful studies about sötective and divided altention in intormation processing. One
consequence for our design was that time-indexed information had to be spatially indexed by

locations, too. lnformation with the same time index should have the same spatial index, that
is appear in the same location. ln our design a location is a visual object. These insighls were
suppbrteO by the formal analysis ol LARKIN & SllVlON (1987) They showod under what
cirbi:mstancäs a diagrammatia representation ol information consumes less computational
resources than an intormational equivalent wdtten representation.

ln th6 course of time we realized that a visual representation of the lacts and Horn clauses
of rule set A according to the recommendations of POMERANTZ and LARKIN & SIMON was
only possible il we "eÄriched" the 2-D structure. This means that we had to add 2-D elements
which were not present in the abstract structure.

A second reason for an enrichment and, thereby, a modification ol rule set A, was that the
set led to 2-D-representations with disjunctive rules. 2-D-rules with disjunctive conditions
require selective attention, which causes matching errors and longer processing time



(BOURNE. 1974; HAYGOOD & BOURNE, 1965; lvlEDlN, WATTENMAKER & MICHALSKI'
isaz1. fnus rule set A was modified in such a way such that

- any undesired perceptual grouping ol information in operator nodes,
- 2-D-rules with disjunctive conditions,
and

- visual hiding of dynamic successor lrames already put on a stack.

was avoided.

We came up with a relaxed rule set B with 14 main rules (plus operator-specific
ruresl{MÖBl.Js ä fHOle. 1988; MÖBUS & SCHRÖDER, 1988). The behavior of these rules

led tä a new visual trace. Time-indexed information was now location-indexed so that

undesired perceptual grouping could not occur any longer.

But these rules still had some defects lrom a cognitive point of view. Computational goals

and intermediate results are kept visible only as long as they are absolutely necessary l9r the

ongoing computation. lntermediate results "die" before the corresponding lrame "dies" This is

noioptimat lbr humans, because a programmer who wants to recapitulate the computation
histoi has to reconstruct former coniputätions mentally. This leads to higher working memory

load for the programmer.

So we were forced to relax the minimum assumption a second time and introduce even

moie visual redundancy. This was i.e. in accordance with the third principle ot FITTER &

GREEN (1979).

Another reason tor a lurther modification of the rule sel was the recursiveness of lhe rules.

lnstru;tional and help material derived from such rules should enforce a higher mental

working memory load because of the maintenance ol a goal stack with return points'

The third rule set C with 29 (plus operatorspecific) rules was motivated by the postulate,

that the extent of the intermediäe result should not end before the life of a frame ends We

have included examples for abstract rules of rule set C in FIGURES 3 and 4 They are

represented in visual 2-D-rules 8 and 9 in the slate-specific rule set (appendix B)'

Then the computational behavior of rule set C was "frozen" in our INTERLISP/LOOPS-
lmplementation (kOHNERT & JANKE, 1988). This completed the specification cycle

output :-' node(kame name(Frame name),kame-no(Frame no)'tree lype(Ijedype)'
iistance no(lnslance no),input-stdpe(lnput-slripe),name stdpeiName-stdpe)'
oulput slripe(Output striPe)),

higher_operalo(name(Name,stdpe)),
Tree_type = slart,
no(inväneO name-stripe(frame-name(Frame-name)'frame-no(Frame-no),tree-type(Tree-lype)'

instance-no(Any-inslance no))),
Oulpul-slnpe = ? ,

lorall(on(tlemenl,lnpul slripe).value(f lemenl))'
copy irahe on lop(lrame name(Name slripe)lop lrame no(Top-kame-no))'

assert(inverted name-stripe(trame namo(Frame name)'frame no(Frame-no)'tree-type(Tree lype)'
instance_no(lnstance-no))),

root(frame nämeiName-slripe),lrame no(Top-kame-no)'tree type(head)'
rnslance_no(lnslance no-rool-head)).

modily(lrame-name(Name-slripe).lrame no{Top-lrame no) tree type(head)'
inslante-no(lnslance-no-root head),oulpulstdpe( ? ))'



modity{lrame namo(Name-slrip€),lrame-no(Top -lrame- no)'tree-lype(head)
inslance no(lnstance-no-root-head),input-stripe(lnpul-sldpe))'
bind parameter of-top-lrame{input stripe(lnput-stdpe)),

oulPut.

/' lF there is a node which has the lollowing lealures:
(1)The node name is a higheroperalor.
(2) The node is located in lhe slarl lree.

i3iThere is no node in the stad treewilh an i.weded narne sttipe
(4) The outpul stipe ol the node conlains a "?".
(5) The inpulstripe ol the node contains allinput values.

THEN create the f.ame with the operaloß name and placs il on lop ot lhe lrame stack
Invert the name sldpe of the node.
oelermine it's head root.
Pul a "?" into it s output stripe.
Transter the input stripe of lhe node lo lhe head root.
Bind the parameters. '/

FIGURE 3: Abstracl Rule I ol Rute Sel C (Flrst pan ol Call-by-Value' call in slarl tree ; corresponds to

2-D-rule 8 in lhe "stale-specilic" rule set in appendix B)

oulput:-
noderlrame name{Frame name),lrame no(Frame no).lree. lype(Tree lype)

instance nollnstarice-notnput-slripe(lnput-slripe) name stripe(Name-slripe)'
oulpul stripe(OulPul-slriPe)),

hrgher_operato(name(Name_sldpe)),
Tree lype = stad,
inveneä-name sripe(lrame-name(Frame-name)'irame-no(Frame no),kee type(Tree type)'

instance-no(lnstance-no)),
OulPUt slripe=?,
lorall(on(Element,lnpul stnpe),value(Element)),
value ot upper,visible lrame(Oulput-stripe rool-head)
not-exist lower-visible lrame,
modity(trame(räme name),f rame,no{Frame-no),tree-type(Tree,lype),.

iÄitance-nollnstance no),output stdpe(Output-stdpe root-head)),
delete_lrame lrom_top,

relract(inveded name-st pe(kame-name(Frame name)'frame no(Frame no)'lree lype(Tree type)'

inslance,no(lnstance-no))),
outpul.

/' lF lhere is a node which has lhe following {eatures:

{1} The node name is a higheroperalor-
12) The node is located in lhe sian lree.
i3i Tha name slriDe ol lhe node is invened
i4) The outpul slripe ol the node contains a ?"

i5i lhe rnpul slnpe ol lhe node contains all inpul values

i6) The head rool ol lhe uppervisible lrame conlains a value
(7) There is no othervisible lrame

THEN transler lhis value i o the oulput-stripe ol the node

Delete lhe upper visible frame
Undo the inid.sion ol the name stdpe ol lhe node. '/

FIGUFIE4:AbstractrulegofFuleSetC(SecondparlolCall-by-Value'callinstartlree;conespondslo
2-D-rule 9 inthe "slate-specific' rule set in appendix B)



ln the visual trace, intermediate results now live as long as their frame. As with rule set B,

there is no undesired perceptual grouping. Process icons derived from rule set C would nol
be applied recursively, and there would be no disjunctions.

On the basis of rule sets B and C we developed 2-D-rules to describe the operational
behavior of the ABsYNT-interpreter so that it can be predicted by a student. We got two
ditferent 2-D-rule sets B and ö with 8 respectively 16 2-D-rules. The 2-D-rules are visual
representations of only the most important rules ol the abstract rule sets. Additional rules of
the abstract rule sets (i.e., for testing il a node is a root or a leaf) as well as the operator-
specific rules are explained in a saparate glossary. The glossary also contains a short
introduction to the syntax of the 2-D-rules.

5. Empirical Evaluation ol the Two 2-D-rule Sets

We did a studv in which oroqrammino novices computed ABSYNT'programs with the aid of

earlier versions itUÖaUS a TFOLE. 1ö88) of the two 2-D-rule sets. One of the aims ol the
study was to evaluate the learnability of the 2-D-rules. We wanted to detect rules or parts ol
rules which led 10 misunderstandings and errors.

Procedute:12 programming novices (6 subjects working with each rule set) comflrted
ABSYNT-Program; oi increasing difticulty. This was done in the prediction mode of the
ABSYNT-Environment (section 2.2 and KOHNERT & JANKE, 1988). ln this mode the user
computed ABSYNT-Programs by himsell without any help from lhe interpreter. The subjects
worlied in pairs (cf. MIVAKE, 1986). So three pairs ot subjects worked with each rule set
Bestde the 2-D-rule set, they were provided with the glossary, that is addjtional explanations
of basic concepts mention6d in the rules. Therefore, complete instructional material was
given.

Each pair of subjects computed 33 ABSYNT-programs. The sequence of programs was
ordered by the nuhber of 2-D-rules needed. So the most difficult program contained
abstractioi as well as recursion. The subjects computed each ABSYNT-Program once
without being interrupted by llre experimeniator. ln case ol correct computaiion, the next
program was presentäd. ln case of a bug, the program was presented again. This time, il bugs
occurred, the experimentator gave immediate feedback.

Pretiminary results; The evalualion ol the study is not completed as yet, but some results
related to ths aim of the study mentioned above will be presenled.

First, some concePts are explained:

1. A " computational sfep"denotes the lollowing actions:
- changing lhe content of an input field or an output strjpe
- creating or deleting a frame (choosing the corresponding menu item)
- typing a lrame number

2. A "rule-consistent computational step" is any computational step which is part ol a corect
rule application. lt is consistent with the part ol'an "aötion" description.of a rule the "situation"
descriiriion of which is salisfied. lt is not regarded whether the computational step is made in

the right context. So parts visible on the scröen but not mentioned in the rule may be faulty'

g. A "deviation"is any computational step which is not part of a correct rule application There

are the following possibilities:

3.1 Faulty rule application: fhe computational step is not consistent with any part of the

action description of any rule.



9.2 Omission:fhe computational step is consistent with a part of an action description of a
rule the situation description bf wtricn is not yet satisfied, but is satisliable by
intermediate computational steps.

3.9 tnbrterence:The comPutational slep is consistent with a part ol an action description of

a rule the situation description of which is not satisfied and not satisliable.

3.4 Shortcut: This is an optimizing deviation since it leads to the same result (or the same
intermediate result) as thie correct sequence of computational steps, while
simultaneously savi;g computational stepa. Shortcuts may occur because ol the
visual redundäncy oä the icreen. So tlle visible results of sequences of earlier
computational steps may be used for handling later situations.

g.5 Correction: Recovering omissions, undoing computational steps, and replacing values

by other values are corrections.

Faulty rule applications, interferences and omissions arc "bugs" Table 1 shows the absolute
frequäncies änd percentages (in brackets) of types ol computational steps tor both rule sets:

rule-
consistent

correc-
tions

Computational
bugs

steps
shortcuts

operator- 7096
centered 197.82Vö

71 \0.97./4 42 (0.58%) 45 (0.62%)
Rule-

set 96 (1.19%) 38 10.47%) 96 ( 1 .1 9ol4state- 7815
centered i.97.14%)

Table 1: Absolute lrequencies and percentages (in brackets) of types of computational
sleps lor both rule sets

Within both rule sels, more lhan g7y" of all computational steps were rule-consistent, and

only about '17" were bugs. Although the subjects diö not receive any leedback during lhe lirst
corirputation of a progäm, the eiror rate wäs small. Moreover, lhere were no typical bugs'

There are tew examples of bugs for almost every 2-D-rule'

The results indicate that there is no need to redesign the 2-D-rule sets or to change specific

rules. Moreover, the hypothesizsd differ€nces betwe€n th€ two alternative 2-D-rule sets did

not seem to show up'in the behavior of the subjects. So they possibly used the.rules to
construct a mental reöresentation which did not coriespond to the different structure o, the lwo
2-D-rule sets.

Some more observations should be mentioned though, which initiated some slight

changes of lhe rules:

- 25 bugs altogether (= 15%) consisted of typing a wrong .frame number. This supported
the de;ision io drop the lrame number, which was possible bscause the interpreter uses

a linear stack, and there is at most one pending call in function bodies and in the start

tree.

- 40 buos altooether e 24yo) werc omissions occurring with rules containing several

comouiationa'i steos in thei; action description, (i e., rules for creating and deleting

fram!s). This moiivated a clarification of the structure and an improvement of the

readability of the action descriptions oI these rules.



37 more bugs l= 22"/.1 were interferences occuring when the subjects worked in the
head of a näwly made frame. This caused us to clariJy the structure and improve the
readability of the situation descriptions of the rules for creating a new frame.

6. Fepresenting Operational Semantic Knowledge ol ABSYNT with 2-D'Rules

We tried to make the 2-D-rules as self-explaining as possible. Appendix A shows the rules

lrom lhe "opetator-speciTlc" 2-D-rule set which is based on the abstract rule set B. Furthermore
Appendix ä shows lhe rules lrom lhe "state'specific" 2-D-rule set which is based on the
a6itract rule set C. Two examples of state-specific rules (rule 8 and 9) are shown in FIGURES

3 and 4.

The operator-specific rules in appendix A are to be interpreted according to the following
rough guidelines. The thick arrows on the lett side of the rules indicate lhat this rule may be

entöreä here. The thick arrows to the right side indicate that the rule may be left here. So, if
the first situation description is lrue, the first action can be executed. Now the user may
temporarily have to leavd the rule in order to produce the computational state which satisfies
the ieconi situation description. He will have to do lhis with the help of other rules ll the
second situation description is true, the second action can be performed. The same is true for

a third situation-action pair.

ln contrast to this, the state-specific rules (appendix B) are individual situation-action pairs.

Like produclion rules they are not reentered a second time

7. Summary

With the 2-D-rule sets at hand, we are now able to overcome the shortcomings ol purely

verbal or example based instructions. Now lhere is precise and unambiguous instructional
and help mateiial concerning the operational knowledge. We can be conlident that the
student acquires very easily and räpidly operational knowledge as a solid base for his
programming and debugging activities which will be a further topic in our research.

Relerences

ALBER, K., STRUCKMANN, w., Einführung in die Semantik von Programmiersprachen,
l,4annheim; Bl-Wissenschaftsverlag. 1 988

BAUER, F.L., GOOS, G.:lnformatik, 1.Teil. Berlin, Springer, 1982 (3 Edition)
BOURNE, L.E.: An lnference Model of Conceptual Rule Learning. ln: SOLSO, R (ed):

Theories in Cognitive Psychology. WASHINGTON, D C.: ERLBAUM, '1974,231-256

BROWN, J.S.; van LEHN, K.: Aepair iheory: A Generative Theory of Bugs in Procedural
Skills. Cognitive Science, 1980, 4,379-426

CARROLL, J.M.: 
-Minimalist 

Design for Active Users. ln: SHACKLE, B. (ed): lnteract 84, First
lFlP Conference on HÜman-Computer-lnteraction. Amsterdam: Elsevier/North
Holland, 1984a

CARROLL, J.M.: Minimalist Training. Datamation, 1984b, 125-136
CHANG, S.K., Visual Languages: Ä Tutorial and Survey, in; P.GORNY & M.J.TAUBER (eds)'

Visualization in Crogramming, Lecture Notes in Computer Science, Heidelberg:
Springer , 1987, 1- 23



CHASE, W. G., Visual lnformation Processing, in: K.R. BOFF, L. KAUFMAN, J P. THOMAS
(eds), Handbook ol Perception and Human Performance' Vol. ll, Cognilive
Processes and Performance, New York: Wiley, 1986,28-1 - 28-71

COLONIUS, H., FRANK, K.D., JANKE, G., KOHNERT, K., MOBUS, C., SCHRODER, O.,

THOLE, H.J., Stand des DFG-Projekts "Entwicklung einer Wissensdiagnostik- und

Fehlererklärungskomponente beim Erwerb von Programmierwissen für ABSYNT"
in: R. GUNZENHAUSER , n. UeruOf (eds), "lntelligente Lernsysteme", lnstitul für
lnformatik der Universität Stuttgart, Deutsches lnstitut für Fernstudien an der
Universität Tübingen, 1987, 80 - 90

coLoNtus, H., rnlruxlx.ö., unre, c., KoHNERT, K., MÖBUs, c., SoHRÖDER, o.,
THOLE, H.J., Syntaktische und semantische Fehler in funktionalen graphischen
Programmen, ABSYNT Beport 2/87, 1987

oavtS, n.E., Runnable Specificaiion as a Design Tool, in: K.L CLARK, S.A. TARNLUND
(eds), Logic Programming, New York:Academic Press, 1982' 141 - 149

f tffen, v;'CnEeU, tln.G.: Wnen Do Diagrams Make Good Computer LalSuageg? ]I'!
iouinal ol Man-Machine Studies, 197-9, 11,235-261' and in: COOMBS, M.J.;ALTY'
J.L. (eds): Computing Skills and the User lnterface New York: Academic Press,

1981, 253-287
GENESERETH, M.R.; NILSSON, N..J.: Logical Foundations of Artificial lntelligence Los

AItos, California: Morgan Kaufman, 1987
GREEN, T.R.G,;SINIE, M-E.;FITER, M.J.:ThE ATt OI NOtAtiON. IN: COOI\iIBS, M.J';ALTY, J.L.

(eds): Computing Skills and the User lnterface. New York: Academic Press, 1981,

221-251
HAYGOOD, R.C.; BOURNE, L.E.; Attribute- and Rule Learning Aspects of Conceptual

Behaviour. Psychological Review, 1965, 72, 175-195
JANKE,G., KOHNEBi,K., lnterface Design ol a Visual Programming Language: Evaluating

Runnable specifications, in: F.Kalx, H.WANDKE, N.A.STREITZ' Y WAERN (eds)'

l\.4an-Computer lnteraction Research, MACINTER ll' Amsterdam: North-Holland,
1989, 567-581

JOHNSON, W.L.; SOLOWAY, E: PROUST: An Automatic Debugger for PASCAL Programs'
BYTE, 1985, April, 179-190, and in KEARSLEY, G'P. (ed): Artificial lntelligence and
lnstruction. Reading, lvlass.: Addison Wesley, 1987, 49-67

KOHNERT, K., JANKE, G.aThe Obiect-Oriented lnplementation ol the ABSYNT-Environments.
ABSYNT-Report 4/88, Priject ABSYNT, FB 10' Unit on Tutoring and Learning
Systems. University ol Oldenburg, 1988

LARKIN, J.H.; SIMON, H.Ä.:Why a Diagram is (Somelimes) Worth N4ore Than Ten Thousand
Words. Cognitive Science, 1987, 1 1 , 65-99

MEDIN, D.L.t WAITENMAKER, W.D.; MICHALSKI, R.S.: Constrainls and Preferences in

lnductive Learning: An Experimental Study ol Human and Machine Performance'
Cognitjve Science, 1987, 1'1, 299-339

MIYAKE, li.: Constructive lnteraclion and the lterative Process of Understanding. Cognitive
Science, '10, 1986, '151-'177

MÖBUS, C., Die Entwicklung zum Programmierexperten durch das Problemlösen mit

Äutomaten, in: MANDL, FISCHER (Hrsgb), Lernen im Oialog mit dem Computer,
München: Urban & Schwarzenberg, 1985, 140-154

N,ÖBUS, C., SCHRÖDER, O., Knowledge Specilication and lnstructions for a Vlsual
iomputer Language, in: F.KLIX, H WANDI<E, N.A.STREITZ, Y WAERN (eds), Man-

Comi:uter lnteräctiön Research, MACINTER ll, Amsterdam: North-Holland, 1989' 535-

565
l\ilÖBUS, C., THOLE, H.J., Tutors, lnstructions and Helps, in: CHRISTALLER' Th (ed),

(ünstliche lntelligenz. KlF587, Proceedings, lnf ormatik-Fachberichle 202'
Heidelberg: Springer, 1989, 336-385

PAGAN, F.G., förmäl S-pecification of Programming Languages' Englewood Cliffs, N J:
Prentice-Hall, 1981

PAYNE, S.J.; SIME, M.E.; GREEN, T.R.G.: Perceptual Structure Cueing in a Simple

öommand Language. lnt. Journal of Man-Machine Studies' 1984, 21, 19-29

PENNINGTON, N.: 
-stimulus Structures and Mental Representations in Expert

Comprehension ol Computer Programs. Cognitive Psychology, 1987' '19' 295-341



POMERANTZ, J.R.: Perceptual Organizalion in lnformation Processing. ln: AITKENHEAO,
A.M.; SLACK, J.M. (eds): lssues in Cognitive Modeling. Hillsdale: Erlbaum' 1985'
127-'t58

SCHRÖDER, O., FRANK, K.D., COLONIUS, H., Gedächtnisrepräsentation funktionaler,
graphischär Programme, ABSYNT-Reporl'1/87, Universitäl Ofdenburg,'1987

SHU, N:C.; Visual Prog-ramming Languages: A Perspective and a Dimensional Analysis, in:' 
CHANG, T., lc-HlKAwA-, LIGöMENIDES, P.A.(eds), visual Languages, New York:
Plenum Press, 1986, 1 1-34

SLEEMAN, D.H., HENDLEY, R.J., ACE: A system which Analyses Complex Explanations, in:

D.SLEEIüAN, J.S.BROWN (eds), lnt'elligent Tutoring Systems, New York: Academic
Press, 1982, 99 - 118

SOLOWAY, E.: Learning to Program = Learning to Construct Mechanisms and Explanations
Communications ol the ACM, 29, 9, '1986, 850-858



t

7

3

;?

F

-!
fr
h

?

.E

E

t

ü

o

0
I

3

5

P:9
ä. : 

=Er' e ää: ;
og 5; 6E

!E :a :e

5oääs3ög 5E 3 3;
-o,o-S
. 5J 

" o 5
3 sg B : I
Y6oL:;cur
q ö!äu!,1 6e äe: I r ä "8.

"cäöorroE ö;c i [ [ E

E i:5ä P ? ;
a ä 5 -E oB :E E ; ! ä: : O E

I ä s 3 sE : ! sE ; E 5 E: g g Eä.*äEi.--. A e
Er i E o Ei 3 3 :
gE"geEEErg€3
eliEgieEE-gP3e
'^Y : -^ : aj 4E 4E ä

5ä ! E ! EE F; !; ä
oo ot o; o

FF F F F F! F- F; F

J

9]

;

äo

öttt

äo
:

l<TIEIEE



t

!

I
d
x
o
lr

t-

3
.9t

.9

F

6g

;€

Eg

=:

?

3

E

E

!

t

0

t
{,
I

I
3

; ?:

t

z

E

r)

n

o
I

o
o

!
E

öz

o B;

7

E

E

t

i)

t

o
F
9

F
3
.9
i

:

=- ! Ea
är E 6E
:1 E :t:a ! ;isF ;3 ;!



t

I

.E

5l

n

0
:
.9

=

.9

.9

:c
E:
f6

3

t

ö

o
I

.9

I
.9

t

n

t
o
I

3
.9

E

!
c
N

."n

zt
e!*;E:
;ae

?

t

I
f

o
I

.9

I
3
.9

! aeE

! e:5
:; ä:i
:-5 :Ea



t t
n

o
x
.9

:

!
.e

o
o

I
E'
RB

:3€

3

7

t

t

o

.9

3
.9

t
t
o
F
9

;
H

:i

!l

o
o

!
N

Ee

3-a

eeE

;egt

3

t
&
E

x
:
3

;: 63



t

z

E

E

s

{)

{t
x
.9

=

3
.9

.9

!
c
N

e . F- -o,= ! äEä EP -a

e ;" E$: ei !
E *P ä6; 6! B

; !9 :d9X !oP üää€*ä; tEs E! :3: :; Se:' :ä HF€ f;:- l';
.5€ F; e€: ee: :::R *; *Ä+ r-e-s äp

?

E

t

I
t
o
I

I
f
q

ti !i ::

t

a

o

o

o
I

:

.9
o
o

a:

eC

z

t

a

n

o

I

ä5 I E:-
.9_ = P;

€! 3! g!



t

F

0

n

0
I

:

o

sü

F

,i

€

t

I
n

0

3
.9

-5:

aE : ä

t

?

€

0

t
o
I

:

c
o

!

3P- I

EiE Pe}P E

g:t H .Es;* 5 E:
4:; 4 FE
!eEa e iI;e5; g ;ä
-iä5 i ic

€

?

il

t

n

1]

4
F

.9

F
.9

E.i E: -s
9. t : : ;!e ä ä :" !7: a r: :: !.5 E :E ec :
:: : ;E ;: :

ä: E; Et ii ä:
tl t! 2! 2t 24
LB F_E E; !: !b



t

C

0

n

o
I

a
o
(,)

!

,g

3o

ri

.g

E

,.

t

0

f

0

.9

:
,9

E gj3|' -:e

;b 5bqB qi

t

ri

E

i)

n

o
x

f

E
o
o

t3

c

i9

F

I

C

t

I
$

o
I

.9

I
3
.9

d2+

il ;s

: i.: i 5':i EEä5 e!-.2 aa
:* :H



t

-

E

o

t
o

E
I:
a

F
.9

o
o

N

eg

q".
;+

6

F

li

E

t

I
n

0
I

3
.9

e

i

d , r!-

'i tg

:l ;5

35 .5:3= a ö

t

t

E

?

tr

o
F
€

E

3
,9

o

*fi

I

2

a

t

5)

o

4
!

I
:
.9

di)

5E

9; ?;



?

E

t

@,-- t --

3
.9

9

t.

3

E

7

a

E

t

@
---l[--

i; 5: !
Et Et :.

;-> =: ;-
9: ;e ä5
"; ö; e;

t

a

o

o

o
I

3
.9

.9
o
t)

o

&

=

;E

2,t

5e

a

t

f,
.9

H,n

3l- E 9

:ts :b



.€

E

@
---lll--

E:- &

äB! {i €€

jP: ; 96

;PBs E ..Pts3; r iP
35äE ö f:

.9

?

a

---l --

.9

3
c

:?äEäBÄ-:--s
!i *- ä är -:;ä - iä 9: "2E z- €i g! :"
:t E El ld; ;;
*=, ä: 3: ER;:

=a: ;: a€ !g 4i
F: EE E; !: ,.b

E

E

--- t --

3
.9

ö ! ä;: EE ae = .P a: cE E
:o

s ;a iä: -gE :!! üä ä€ä aä ;H

e: !ä H!; $:- ;:
ie $: äEär ä€i äi

o
(,)

!
c
N

c

t

:
9

:5-E
ü !P e

e.5 ?e :>:t x: e5
:3 53 ä!

!r ::: esa: !e i3



4

E

I

!

0

n

0
I

3

C
.9

9

e$

!

s

n

o
T

.9

:I

c
.9

:
o

äFE
&t:
4'; ü€ ä

:3 äü ab

*s(5i58

- b - 6 t-:EE3E3ä
: u 5 u -oq S!e E ? 2 t 2 :: s

hE 9 z : !l ; 9iä,j P ul i .1r lr a_I::!=

!; a e 4 e 4 e*
zp9.e-g9g;ä;
i: 3 E s * s oa 3

eE ; I s I s Ee ::q 9 5 i o 6!- ; .: ; = t :;E2ä 4 iq€:*a: 3

E; 5; F" a: Fe es Be: !
o6 'r o; 9g o.I 9ä o6; e559 ot 09 !o c; :". ct =a
!e äe 3ä !g gä gt äi: Fs9E EH Eo 9o Eo 3E E!ü öG

;: EUT F: Fo Fg FO FOo FO

! 4 c €E E ! e E! E = 2- E :aIäi:. "^ 9 Ee . ! ; 5
: g e g" 5 e e s

o!ooqF ; ! !o - *-9öi ^ E o- i 6
,:f;* 3 X ;* E i

ä c ä ö;
' :^ d 

= : o p 5 3-
^EI Eo : ? - 6 r

I äö - I 6 - E)i :,iä tr ! E !:E ö9 " ; a F e g :
= !+ : .9 * E o

E gfr " ; E t E I g; äFi ic:i;:9: .5 E ä En b" :
5s iE{E-ät:Eä,:'?p:" F.0 EE 5 se, Ei BE ;E .
-d 6o .,i' o *: o- o: g.: IE.i .p iä o rE oo 56 -d '3" 9; gd I ee 9ä r: :: ä

tB ;:!E;;; 5!li ;i;e
E : ci öe '; ,i F ö

ä ä E EE E E E E
l:
E rfllcr!,tlcl.



I
t
0
I
€

!
3

:
:

o

6=6
g:

EE

3c
!

I
n

o

:

.9

o

o

Es: ö 33
€ ; ;5i E 6s

6 5 EiAg € :EE

iE iE i:e

+

:

3

o

g
F
€

2
l
.9
:

E
.9

F :.; .E
E .'E
e ;ä

3 :*

E

E

?

t
o

f
.9

E
.9
t!ff,a

;, I Eg

8€ Ig :;
qP E3 :E
ti E+ ig



g

0

o

o

.9

E

9;
cg:P
i:
Pä

.!

ü

o

{}
I

E
3
.9

E
o

5

o

€a'

pP e8

e

:

I

0

t
o
x

3
,9I

€

i
o
o

PE

!P

B3i

g

2

6

t

o

E
f,
.9

tl
5

a

E E EE

i E Egg

: -. ee;
g E ET!

-ir :s ::a

iE 3E *59



:

=

!

!
t

0
I
.9

=

3
.9

.9

.9

g

3a
€Ä
_P3
ge

:F-
:39

E

€

I

1

t
o
t
.9

t
.9

o
o

a

I
ä!.

F3

2

o

+

o
!

3
'r

E

:
E
.9
o

HP

ag
EE
3A

3o;

o

I
I

.9

I
3I

o
ß

6

ae
Eäec
ai I E

;E ä!
äE :ä
Pe cg



t

g

:

E

ii

3

t
0

3I

o

€-;
c9ö !:;b ;

:3r! n 9ö
d;tE 3 !f
:=a€a i :3
€e€; i €Fi9 &:" o^ 

"e

9

r

ü

tr

o

I
3
.9

o

a

iäaa;,::ä3',:3* ä ? ä,Äq{ äA C = -": e. 5 :
! ; !. ;E ;: -6 [€ e- 5i &i Es e" FF ;C :e ;s i3 it i
Ä* Eä :-E +; ;ä 3i E

iEäEä€ä€ä:ä€ ä

E

n

$

=

:
,E

E
.9
o

eä
- F i-.'E !E !ä e ä-€3 H! :

*;-eg; :l ä
I !: i3! 3b ä;; ;€ ::E :C EE

ä* Eä 3i! :"ä :l
-oP rE HP: HE l'9

äB g: äcä äEE ä;

E

0

t

o

3
.9

o
ot
a

n-es€€::;s8
ip63
* E F 6.g ; a es
i äE ir !_gF 3E ;"; ö9

:! != €; 6E
-^t e! ö,q <9

:; ää €€ äE



!
9

E

I
t
o
x
E

:

:I

3
I

c
o

;:

-F

E

ü

+

o
I

I
3
,9

o

t
''-a

sl ;; .6F
:F AP F9dE FE ;C

E

ö

I

o

n

o
I
:

G

:
.9

o Ä:i

q

q
.

s

t
o
I

I
3

E
o
o

o

'!ü

4h
Ee;:
&i- ;
:P ;ä

e; p;



!!

E

0

d

o
T

:
2

3

3
I
z

o

2e

i;

E

g

o

t

o
x
.9

I
.9

c
,9
r!t
o

4 ;{. F

8r -öi E

_:E ae 4

f3 =ü E

!

!

E

i

E

?

o

o

.9

c
.9
o

I

B.q

!6

9

i)

3

:
,9

o
6

o

I 6"
&i -? E

EE i9



E

!

E

,i
g

t
0
E

.9

.9

a
o

ä E Fäc ;t ä

E äq :9i :; :*s ;a 3:! =eö äg; t: !!F es e"r
H. Eä E:i -.i EE!: ;ä EEr t3* i:
:u $: äaäs ä'i äE

@
---lll---

3

,ii;
Eg ; :- F
09 9
!ä i = 9x

e; > :; +5

i; .- i? a?
3>, E-i e3 :i
1E :E 

=-: 
a-E

!

:

!

n

o

o
x

E

3
.9
e

o

g

E6

!c

E

!

?

0

o

o
I

o
o

a

*i- ä!

ö8 ä3



!

!

@

l
.g

38 0 s
H; : ;

i!;i e E*

;rEg P 3!
ä€äE * EE
€*E: ; EE
gEägE ä gä
:!5E; 6 A5

.l

!

z

e

--- l ---

3
.9

"€€;F€;€ ä :' B 3 E

FE:. ä E:.E;E E o ;> 9: reä : 4 !E e; 
=z2 -= E ::l ?F 63

il i. 4!' !; !6 .ts35: E-: ä1 =:: E3;:

äi ä; ä€ c€ ii äi
{: i: i: i: i: i5


