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KNCWI,grcE.:.B.t1i3ED 1'.Dh?I'!VE C,,'?RICUI.ll~·I:::;r.QUEtlCING'FOR CAT:
APPLICATION OF A li?.G·:CF\K bEf'P,ESENTATION

Keith T. "lescourt, Mar:i~n Emlrd, and :Laura GoUldl

Institute ~or Mathematical Studies in the Social Sciences
Stanford Univ-ersity

Stanford, California

. One aspect o:f tutoring skill for techIlical sub~ects is ip.dividualized, adaptive sequencing of the
problems given to students as learning exerciEes.. A Curriculum Tnformation l'let'Work (eIN) describes
the relationships betweert the problem..c; in a en curriculu.m and the concepts and 'skills that they
are intended to teach. It is a basis for se~e:.:tlng probleI!l.s for each student with respect to his
evolving knowledge of thos,e c,0.ll:~eptsand skills. This paperdescri1:.es the application ofa
semantic network to. represent the co...":lplex interrelationshipsamcng ·the skills in a eIn for the
BftSIC In.strllctional Progr.:l.m.,a ,CAIproblem-soh~nglaboratory for introductory progrrur.ming in the
BJl.SIGlanls-uage. The semantic network is used in dretdng complex inferences about the student's
sta~e of knoHledge and the problems that are a;.propriate to present to him. Such inferences enable
mOl'e skil~fulp,roblem sequencing by theC~J\I sj..st~m.

1. Introduction

Since i ts incep~ion" a major goal of conputer­
a.ssisted instruction{CAI) has been to individual­
ize instruction qy making the teaching system's
behavior contingc;'1t oD.:Cistudent's responsesdurtng
prior interacticns with the ::;ystem.. Some early
adaptive CAr sys tems applied features of mathe­
maticallearning and decision theories to.sequen­
ciog drill-and-practice currtcula in e~nta~
mathematics (Suppes & Morningstar, 1972) and in
initial reading (Groen & Atkinson, 1966). These
systems generated pro~lems of' different· types '
(e.g., additionprobleros with or,:nthout "carries")
~ccording to an estimate of the student's mastery
of' each type based O~l.his prior history of correct
and incorrect answers .. ,As.aresult, more capable
students could progress .rapidly to harder problem
tYl?eB and remediation and review could be .deter_
mined ~±th respect to indiVidual difficulties
manifested with specific problem type::; ..

More recently, features adapted frcm Artifi­
cia1Inte111gence·(AI) sy3tems have been applied
to individualize CAI along ot~er dimensions.
Research on question an~'Nering and natural :~anguage

has eneb1edsyStems such as 'SCHOLAR (Collins,
''''amock, & Passafiume, 1975) to conduct spontaneous
instructional dialogUes, giving students great
freedom of eXPression and providing exposure to a
topic according to the student I s demonstrated
familiarity with it. Other systems, for eX8.1nple,
SOPHIE (Brown & Burton, 1975), have been designed
to mon~tor student problem-solving attempts and
react to errors or requests fOl" help with ccm.::ents
that reflect the context in .....hich the student has
been,working. Signif'icant progress ha3 been ~ade

in AI-b~Ged CAl tmiard understanding the otudent's
behavior 'h'lth respect to rep:rcsentat-lons of the
know-ledge he acq,tires and uses, and not nercly in
terms of his perfornance on particular qnestions
end pl"oblems ..

Our resear:ch over the pas t f'ew yeaTS has
attempted to apply some AI tccl'L'1iques to
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illdividualized curriculum sequencing for complex
scientif'ic and technical SUbjects. Traditionally,
instruction in th~se types of subjects has depended
heavily on students solving large ntunbers of' prob­
lems. This method has proven to be effective for
:forcing theintegration:of concepts and problem­
sQlvicgskillsdescribed in lectures und readings ..
Ou.r concern has been to individualize thesequen­
cing of a curricull,lm of complex problems in order
to improve the acquisition and integration of'the
Ul"ld.erlying concepts and skills of the subject. The
result ,of our<initial e:fforts was the concept of
the Curriculum .Information Network (CIN), a .means
of" describing the :relationships among the problems
in a curriculum in tenns of procedural skills
involved i.q.solving them, and, for mode1i.ng student
learning w:;lth respect to. those same skills (Bart,
B=ard, & Atkinson, 1976).. A eIN and a problem­
selection procedure were implemented· in .the, BASIC
Instructional Program (BIP), a ClII system that
teaches. the BASIC programming language at an intro­
ductory level. The present paper describes our
recent research, inwbicb we developed. a semantic
netwo~~ representation for structural and peda­
gogical knmf1edge about Bfl.sIC and some inference
tech.'liqUes for using this network to increase the
sophistication of' CIN-based problen selection in
the DIP system.

2.. Overview ~ the~ system

2.1 :r~sign

BIP 1s designed to teach elementary program­
ming 90ncepts and skills without lectures or a
sta.'1u.3.cd textbook. All of the resources e,ysilable
to students reside within the BIP system, illus­
trated in Figure 1, except fo!" a manual llrittcn
espBciallyfor the course.. Furthermore, affer a
b:!.'lcf interactive introductory lesson, BIP pl"esents
no f\u1;her text lcsGons on progr<-l!~.:::.tng; instead,
the student learns to progrma by solving prb~rru~­

ming problems using u BASIC interpreter built into
the in:>tructional system. For the Plll"POSCS of our
rr-~se::u'r:ll" the v::tlue or nIP·as a stuItd-alf)J1e CAr



l'E:-,sOU1'ce 113 thr:t the effectG o.f problem fieqlH~nc1ng

on ~tuu~nt perrCl~ncc al~ emphasized und c~n be
evalue.teoj·r.to.I'C directly thr.ln they could in <l multi­
faceted cyster:J. involving It::!ctul~S, rCilcJ.lnes, and
qucstion-and-m~::nferscsG.i.(;n:~ in addition to a
problem-colving Inbol'atory.

reprcsentir:g the complete procens by which R stndent
UmlCl;Gtanu,:::; :.: problem, detcl'!'1iuQs a solution algo­
rithm, an,! :f.mple,::.ellts it as acceptable B!'Sle coue.
Thesk1ll::; relate only to the co(}in!~ process, mMy
ccrrespond:f.ng to a single line of code. For
eXl:\!!1.plc, _if a problem solution includes the lines

In BIP-I, the skills are grouped into about a
dozen noil-overlapping sets called techniques" such
as simple printing" assigrunent,and conditiona2
branching. The tec~J11ques themselves are linearly
ordered accamlng to jUdgments about the relative
compleXity of the skills they ,contain. The tech­
nique ardenne is used in RIP-I as a constraint on
the order· in which major concepts are introduced
and as a scale for detenn..ining whether problems
available for ren:cdiating' particular sUlls are
appropriate to the student's overall progress.

2.4 Using ..~ CIN~~ selection

'l'hegeneral paradigm for applying a CI1'l to
problem se2ection is:

then its description in the CIN ......ould include the
skills, "assiSn nu.lleric variable by _INPUT_" and
"print numeric expresslon[operation on variables]lI.

Although the skills arc, for the IIlost part,
defined in telTJ3 of syntactic constrvcts, BIP-I
task selection u,oeB not reflect the atudent f s
knowlcdgeofsynta~,but instead depends on his
know2edge of tb..e semantics and prag.:nati"cs for using
the 'skill appropriately. All purely syntactic
errors are detected immediately- by· the BIP-I inter­
preter, which :responds with explicit feedback
describing the error and illustrating syntactically
correct examples of the construct. 'l'hese syntactic
errors do not e.ffect the model of the student main­
tained by BIP-I. This model is affected by logical
errors which allow the student's program to run,
but not to prcducecorrect.results. Many of these
errol~ c~n be associated with semantically or
pragmatically inappropriate use of the syntactic
const:ructs described by BIP-I skills.

2. Using theG-e se·ts and other historical data
(c "g., thoEe tasks that this student has
already cO":',ple-ted), search the CIN for the
tack that uscs a set of skills most con­
gl~~nt'to a set that best fiatisfies
o......-erall :pcd<1E~ogical gonls. For example"
given the v'/l::!'.:!ll goal of redncing the
total mjJi1l:.-~r of tasks stur.lcntn must com­
plete t 0 I'--:'~ch n Ie'lel of e,jJnpe tence, one
l!:i.Ght chc·{)se to sCHrch fo:c a tusk uith the
,:'.,:.~"t "-,,:,',,:-,2 f"l.lrthcl' 'dOl'klT And 1r rc ::>..dy to 'l':.-P.
1earn,;d" ;,;;,i118 Hnd t.he fm·iC3t "already
leurn·.;d rl

:.',!~.i.lls.

1. From the node2of the student t s learning
of' all the skills" assemble sets of skills
that correspond to relevant pedagogical
considerations, such as IIneed further
work," 'fready to be learned,," "already
learned, n etc.

70 INPUT T
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On the first' day of' Christmas" someone IS

tl'lle love sent him/her a partridge in a pear
tree (one gift on the i'irst day). On the
second day, the true lave sent two turtle· doves
in addition. to another partridge (three gifts
on the second day). This continued through
the 12th dn:r, when the tI'll.7 love sent 12
lords, 11 ladies, 10· drummers, ••• all the
\l8:y to yet another partridge.

wrtte a progi"aJn. that computes and prints
the nWlber of' gifts sent on that b;elfthday.
(This is not the same as the total number of
gifts sent thraughoutall 12 days--just the
number sent on that: single 12th day.)

2.3 ~ E!!!: Relatil".g tasl(s and skill'3

The prir.lary know2edge baee in BIP fa a Cur­
riculum Information ~retwork.. In the CUT ofBIP-I
the version descri ted by Barr" et a1. (lgr6), each
task in the cur:dculu.'U is descrIbed in tercis of a
set of procedural skillG necessary to cot'1pl,~te it
successf\tlly (Le:., to write the E"£3IC proera'Yl
that is called for). About SO Gkillc are w.;ed to
describe the entire DIP curr:i-culum" with so!ne task~
involving as fetf as one or t:.lO l)1-':.i11s" and ot~lel'G

mo:re than ten. Each student '£0 Pl'ogl"'~;.;S thl'C'..I.,~h the
course is llioJcled ,'lith l'CGpcct to his IC8.!":nin<~ of
the total set of' s!':ills. The skills dcfir:ud in"
BIP-lin no vaY~Gn~tltutc a ~ufflclcnt· b~sir; for

V
NJ.4I Sol..Il""1 - f---- _ Solution Chum"-------

L--._-----l

The only p:?.rts of the DIP sys tern that ,...e need
to consider in this paper are those invol\-ed in its
curriculum-sequencing process. The curriculum
consists of abcut 100 human-e.utho:red prograro..T!ling
p:roblems, uhicl.1 l,;e refer to as taslts.~lh1le BIP's
task-selection procedures could work as well" or
better, if tasks were gene~ted dymi..1dcally" at
present there Is no \lay to generate c014plex tasks
that areas realistic and ~otivatingas those
l-lritten by a per.:wn. Furthemore, in a real in;'
structional situation, it is the more uEual case
that a teacher starts with a set of tasks he fee2s
arcapPl"Opriate and then considers a task­
sequencing st,rategy rather than vice-'II-ersa. The
following is a t~"Plcal problem from the BIP cur­
riculum:

2.2 CUrriculum

2



3. Present th'~ task to tl;J~ student wld Htl2.­

ly:~e his pel":f,)!T:lance Gn it to u.pdl~Le th~

model of bl~:; leuming (li'the f;l-.:ill::>.

Three ~ain thco~tical entities l~ar cn thlJ tusk­
£.eleetic,o po.l'u<lit."':a.. Flrot, thcl.'l~ is the repl':esen_
tn:tien ofkno'rll{~d.ee to be l(.'nlt1l~d, Hhich ts· th~
F.kIT.G' In the cn;:- S~cond, thert~ in ath~u17/ of
learning, which J:tf.:lpG .perfonl1unce cn taskS-6Ut'o-:-­
chflng<::s in the sb.tdent IS knc"..f1cdr.;e of the ::;kl11s ..
Finally, there is .a theory of· inG tl"llcticn,. which
for any state of knmllE:dge dctcJ:i:Lines the next
taskth3.t is "best" for the student to work on ..

Our initial. use of a CIN in BIP-I :for selec_
ting tasks has denonstrated the successful applica­
tion of the CIN paradigm (furl', et al., l.976).
However, the representation of progrD.I!1riing
knowledge aod the model· of' student learning used
inmP-Tare veryrudiriJ.entary. Nost obviously,
BIP-I's grouping of skills into teclm:1.que;:; is an
oversi.ruplificatio!l of the actual interrelations
between skills. The technique groups do not pro­
vide a SUfficient basis for anticipating a
student IS performance in new contexts based on his
performance in related contexts--an important
aspect of a human tutoris skill in selecting tasks
for his student. Like¥Tise, the stUdent model,
consisting of counters for each skill, does not
differentiate various levels of skilJ. mastery in­
dicated by the amount of difficulty a student
encounters in ca:11.1lleting tasks. W~ therefore
undertook to design a new CIN-based task-selection
procedure for a BIP-II. sYstem, incorporating both
a more detailedrepl~sentationfor the knowledge ,
underlying the curriculum and more complex assump_
tions for modeling student learning.. The remainder
of this paper will focus on the ne~{·representation

we have developed nnd pen" it is used in . the BIP-II
system.

In considering alternativ~ repl~sentations

for the knowledge underlying a task, we recognized
that the most powerful approach would be a Pl"O­
cedural representation sufficient to synthesize·
tnsk solutions (see, for example, Brown, Burton,
I>Iiller, deKleer, Purcell, Hausmann, & Bobrow,
1975, and carr & Goldstein,l977). However, the
state-of-the-art. in program 'synthesis and analysis
techniql,l.es has not yet advanced to 0. point 'fhere a
ma..ll8geable systen: ..could be implemented for auto­
matically solving programming probler:ts like those
in the BIP curriculum. Thus, 'we decided to extend
the original concept of" a set o.f skills by embed­
ding the skills in a net"lOrk'rcrresentation
describing the structural and pedagogically sig­
nificant relations bet,·;een them. The net~-1Ork

relationships allow inferences that potentially
add sophistication to both the process of task
selection and of interpreting student performance
to upaate the student nodel. For ex~~ple,

unlearned. skills that al~ dee!.':ed to be analogous
to other skills thu·t are already lca:tned can be
given lower priority !"or inclusicn in the next
task to be presented.. Or, if such Bkills occur
in a task tb"nt n studen·t quits, then they can toe
taken as less likely sources of his difficulty
than unlearned skills that arc nnalogous to other

3

skill:; that are nJ.rcady KnO'lln to ~ tl"()ubJ_e~oJne for
thrd: :;tudr:nt.

Rather than bH~~lnG the nehrork of Y.no\·dedge
to "bf:leul'Ilcd rl.Ll·ectly on thl~ BIP curriculum, 'He
buIlt the skill !:elt:;.tionshi:txJ on a general rc:pJ.~_

sentaticn for RASIC pcogrwlli;.. From a eeneral
an,:\l~/s.i~ of the 11i';.')IC ler'guage, ,gl,lides to vsrc
progroonming, and the skills and techniques of
ElP-I, we developed a netwol'k repre"entation for
BASIC p:rogrwJ1l!ling· cnnstl'Ucts (the BlISICilET), a
simplified. portion of: which is shm-m in Figure 2.

GONTROL'STRUCTURE

~~
UNCONDITIONAL . H .. CONDITIONAL

I'I~ /~.
END GOTO STOP IF"THE:N ,.. >- . FOR'NEXT

~~/\
"IF" BOOLEAN "THEN" l1NENUM- FOR~NEXr

/'1"'\
NEXPR REL NEXPR

//~
NUT~N""'AR~SIMARITH

Figure 2.. A sll!l.plified portion of" the BASICNET
deaci'ibing control. structures of' the
B.llSIC language.

T1'.e node names are self,..explanatoryj the links
(relationships) 3.1-e. Kind,. Component, Hardnes:J, and
(mutual functional) ~ndency. The section of
the BPSICI\'ET shown specifies that there are two
kinds of control stl'UctureS, and expresses a judg­
ment that the conditional kind is harder to learn
than the unconditional. There are two kinds of
conditional structures, and. FOR'.NEXT is harder
than IF ITHEN.. The c~..ponents of an IF I.THEN state­
ment are the 'Words 111F t! and "THEN" w.l. th the Eoolean
condition and the line number in the appropriate
places.. For the purposes of this illustration,
the roOLEAN consis ts of a nurr.eric expression
(NEXPR), a relational operator (REL), and another
NEXPRj aJJl.ong the three kinds of :NEXPRs, num.eric
literals (ULIT) are ead.cst, and nwneric variables
(NVAR) and simple ari thr.1etic expressions (Sn'iARITH)
ere increasingly hard ..

liote that the downward links in the figure
provide inror-nation like tha t found ina B."'lF nota­
tion for Rc.sIC, while the horizontal lin..1(s provide
pedagogical in:fol1l\B.tion specif'":ring relative diffi­
culty, am"logy, and dependency. The opinions
expressed by the horizontal links are necessarily
ge~cJ.·~l and do not nh.'a,}'s hold. for all students· in
ell stageG of learning. For e:-:;:lffiplc, an ari thmetlc
expreStiion is gene~lly a lL~nlcr construct than a
nur::eric variable bec~'J.::;e it often includes a
variable ib.:elf, but observaticn indi.cates that



uning n statcr:ent ~uch as PREN'l' 6+4 tenus tore nn
ee.sicr ta::.;k for a tCL:inn~r tlin.n ur:ling PRIrfr N.
ThlE i:r:plies thi:tt, ultLnn.tely, the ped:lgogicnl
relatlonships l,ebrcen concepts must ::(n~ctir.:es te a
fUr.etion of the student's 13t(ltC or lc::l.J.'uing a't the
tllac 'the relation:::;hips arc to be used. He have
chosen not to tnc?..lc this reI~inemcnt in the
BASICtffiT underlyt~g the DIP-II system.

3 .. 2 ~ notation for~ BP.DIC~~Jr

A simplifiedvel~ion o~ the list notation ~e

use to represent the portion of the BASICilE'r in
Figure 2 is:

(CONTROL'S'fRUC'IURE K (UNCONDI'l'IO!!ftL CONDITIOllAL»
(illlCONDITIONlIL K (END GOTO STOP) H (CONDITIONlIL»
(CONDITIOHlIL K (IF'THEN FOR'NEXT»
(IFITHEN C ("IF lf T'OOLEAN lITHE:NII LlNENUN) H

(FOR' NEXT) )
(FOR'NEX'f C (FOR NEXT»
(FOR D (liliXT»
(IflOIEAN C (~'EXPR REL !IEXPR»
(!IEXI'R K (NLIT HVAR SIMARITH»
(NLI'f H (NVAR) A (SLIT»
(WAR H (SIMARITH) A (SVAR) S (SVA.'l»

The A links specl:fy that nurr:eric literals a.te
analogous to string literals (SLIT), and that
numeric variables are analogous to string vari­
ables (SVAR). The S link says that lWAR and SVA.'l
are similarly difficult. (Tlle infOnJ:l.D.tion about
SLIT and SVAR is found in another p;:,;rt of the
BASICNET.) The notation here is simply that used
to express property lists in LISP.

3.3 The B~SICtiET~ NP~

After the B.llBICNET was defined, each skill in
BIP's CIN was l'Cpresented in terms of a subnet.
First, the strU'cttire of'each skillwus described,
in'11st notation like the follo~ing(whereSkill
42: is "conditional branch, comparing a numeric
literal with a num.eric variableII) :

(SK042 (IF'1'HEII (roOLE_"'-'1 • (NEXPR • llLIT)
(NEXPR. WAR»)

Skill 42 is represented 8S an instance of IF'THEN
(see Figure 2), in which the BOOLEAN· ccmponent is
f'urther specified as consisting of the relation
between a numerie literal (the first NEXPB c'om­
ponent of tbe~ roOLEfl..N) and a nli..TJ!cric variable
~the second NEXPR). The REL is leftuninstan­
tinted, since Skill 1~2 does not specify the kind
of comparison to 'te made bet\Yeen the tvm. Thus,
any REL is appropriate.

Skill 43 is "conditional branch, cOi:"pn.ring a
simple nume1"'icexpression with a nu.~eric '1~riable~u

Its structure is

(SKo43 (SKOI>2 (NEXPR • SIi.lAHITH»)

'l'he notation is rend IlSkil.l 113 is identical to
Skill 42 except that t.he first inst<:lllce or I!zy..pI{
should be SIMARITH,lI "hi.ch is exactly 'ib.....1.t the
Er~glish dcscript.icn ot: the :-;kill snys. gkill 46
("condi timlo.l bl'G.nch, c<)mparing tHO l1'..l1nCl'ic
variables II) is rep:c.'esentcd e.G

(SKol,G (SK042 (NEXPH • INPll»)

egatn reflecting the rr..inimal diffel'ence cctyeen
t~~ l~Jated ~kll1s.

3.4 Skill set1.l

Eased on the notation for skill structures,
skills were grouped toeether into ten ~aJor skill
sets l~presentlng printing, numeric aS5ig~ent,

string assignment, IF-THEr!S, FOH-lillX'fS)' etc. Each
skill set ,,:o.s fonned by starting .w"ith a he~ad skill,
not ueacribed in tenns 01' any other skill--like
Skill 42 aboyc--and all other skills (43, h6,
etc.) descr:l.bed in tenus of it , or described in
te!'l'!ls of other members of thp. set. As might te
expected)' there was a degree of congruence between
tl:.e ten skill sets and the technique groupings of
ElP-I.

Within each skill set, pairs of skills· were
examined to find theirr::J.inimal di~f'erence. If the
nodes by which they differ are linked in the
BJlSrCNET, that link was usecl to define a relation
between the skills. If the nodes by "Which two
skills differ do not have a direct link)' relations
were sought ·at increasingly higher levels of the
Il4SICNET. -

For instance, since the BJlSICNET shows NVPR
to be harder than liLIT, and Sll.fARI'rH harder than
liVAR, it follows that Skill 46 is harder than 1~2,
and 43 is harder than 46. Tbe relationships de­
termined in this mp...nner betveen all pairs of
skills comprise the S"l<ILLSHET, a knowledge repre­
sentation that"can be directly expressed in a erN
and· used for task selection. The S"i\:ILISNETJ like
the nt.8ICNET, can be expressed- in LISP property
list notation.. (The underlining in the following
example emphasizes the relationships being dis­
cussed he rc·~ )

(SK042 H (SKo44 s-ml,6 SK047) A (SK047)
P (SK003 SK036 EK039»

(SKo43 H (s«047 mU75 SK06l)
P (1,1(036 SKo4oUCOO3 SKOO5»

(SKo46 H (SKOI+3 sr.o48 s-l(045) A (SKo48)
P (SK003 SK036 S«039»

The Plinks :;;hown here are Prerequisite links;
lit.e the Hardness links, these are a matter of
pedagogical opinion. T'ne P lin..1ts)' however, appear
cnly in the SKILI,sNET, not in the B.-1.SICl'lET, and
express judgments tllat are more specific to the
RIP ccurse than those expressed in the Bt\SICNET.
A few of the skills (e .. g., those involving the use.
o~ built-in ~~IC fUnctions such as TNT and SQR)
did not fall into skill set::> since they SCE:tned not
to be dencribuble in .terms of any other skill.
These arc rela.ted wi thin the SKILLSI.'ET only by
F.eans of Plinks.

'Ihe new tar;;k-s~lecti.on procedure for the
DIP-II :oy;;; tcr.1, de::::igned to lu;e the l'clatiolwhips
b~twer::n .:.kilJ.G. expres-sed 10 th(~ fT('TIJ,~;Tn-;;T.r, is
identi.c;;Jl to the teclmiq\tc-bo:..:cd I:":.~thQrl in its
G-,:er.::.}l (~e~~j.gll:· p, set of skiD::: ap.9xc·prlate t.o the
Gtudt"]lt's current lcv~l of under::.;taw!ing i8 u~nc:r­

2.tt:d) .':! set ot' tr~.r;ks lwing scr::e of UIO:>C Gkills is



identifieu, the t,~:;t 01' thf.i:,,:t3:;ks (l)y 80'::e cri­
Lr~ria) h; p.1Y;~en~ed, Hnd t.he fJ"t-tltlcnt TEodel 1s
UI),hted 18".,p.,1 on the stud~n t I[; pc l'foni1,llcC:c iJn{l
Sfllf-evo.lt;.n.tion on the task. The n1C.ljor difference
re t-.:cen t:--:e h'o r.~ethod.5 is that by using an eX­
ponded set of .1'~lations behl(:cn skill::> in the
fiK:II,LSHE'.i', the n~;r prcccdurt: cD.n r:!!."l..'k:e· .i:orc intel­
liecnt inf'erences both in updating the student

__ .I!1.<:>de1 and in generating the set of skills to be
imrolved in the student'ls next task.

The following 1s a sir:lplificd description of
the process by which a task is selected at any
point dUring instruction, given the stud.ent's
state of kno",ledge of' all the skllls.'I"hc pro­
cedure ir-tcgrates u number of a priori reasonable
pedagogical heuristics about. tic;", to vary the
relative difficulty ,of tasks to opt:iJnizelearning

, as perfonn.ance varies and about ho,", to teach a net­
work of' knowledge (e.g., breadth-first vs. depth­
first expcsure).

STEP 1: Create a set called fffiF.D, consisting
of skills that will be sought, in the next·
task. Look for "troUble" skills first (those
in tasks that the student qUit), then for
analogies to learned skills, then for inverse­
prerequisites of learned skills. As s090 as
a. group of such skills is:fo~nd, stop looking.

STEP 2: RCT.1ove :from the NEED set those
skills thflt -have unlearned prerequisites •
.Add those skills to the NOTRE.l\DY set (which
may be used later).

STEP 3: Given a NEED set, find the most
appropriate task that involves some a! thE;
NEEDed okUls.

(a) Assel:1ble GOODLIST, those tasks t,hat
have the desired nu.-nber of NEEDed
skills. (J'his number increases if the
student is consistently successful,
decreases if he has trOUble.)

(b) If no GOODLIST can be created, make a
new NEED set ccnsisting of the pre­
requisites of the skills 1n r:OTREADY.
If no new NEED set can be created,
then the curriculum bas been exhausted;
otherwise, GOTO ,3a.

(c) Find the "bestll task: if the student
is doing well, find the task in
GOODLIST that has the fe,,-est . learned
skills; if he is.. progressing Llore
slowly, find the task with the fewest
unseen skills. Remove the ·selected
task from GOODLIST.

STEP 4: See if the selected task is other­
wise appropriate.

(a) If none of the skills in the selected
tas);l:. .have unlearnedprerequisi te s,
stop iooking and prest:!nt the task.
(END) .

(b) If any skills have unsatisfied pre­
rcquisi tes, reject the taGk and add
those skills to the N01'RE!;J)Y ~et.

(c) If GOODIJIST is exlnus ted, change
(usually reduce) ·the crite rial number
of NEED 61<.:11103, and GO'l'O 3'1. Othc r-
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\11:.;C, ll:ilng tb:: rest of GOODLlfJT GO'l'Q 3c.

foB an €xal'iplc of thcill:t'C :CCD(;~S mede in the
gene rOot ton of the IjBBD :set, let U;,tl.sstlmetha't
mdl1.:; 1~2 (md 61 ("FOB. I11:::X'1' loops \{ith literal
as fInal value of in.'lcx ll

) arc ur.de.i~ con"itlerat10n.
Skill 61 is rcprcGented as

(SK061 H (GK062) P (5K042) >'

"l'he PrereqUisite J:'elatioILshipspceified that 42
must be leul11ed befo:c:ea task invo1ving 61 can l:.e

.p!'escnted. The structure enforced by the P 1:i.nks
relating pair.o: of skills gh--es the presentation of
tasks some degree o~ ord~r, and is designed to
p1'e',rcnt tco-1"apid progr?ss or drastic Jumps in
di~ficulty. The F~rdness links, in contrast, are
used to facilitate' progress f'01" a student doing
~ell,by nllowingsC!i:e sl".ills to be considered
"too easyllfor inclusion in the nEED set. $uch
skills are not inferred to be learned; they are
simply not sought· actively by the selection
algorithm.

As an exam.ple using the skills described here,
suppose that a student has successfully completed
a task usihg Skill h3, although he has not yet
seen Skill 42.. (The f'act that 43 is harder than
11.2 dc.es not force 42 to be presented first; only
Plinks rorce such order.) Wnen the task­
selection procedure a3sembles the next set of NEED
Skills, it will "inferu that 11.2 is now too easy to
become part of that set, since something harder
than 42 has already been learned.

Furthermore,. since 42 is now considered too
easy to look for, Skill 61 can now be sought. If
the student successfully cc,mpletes a tasklnvolv":'
ing 61, the student ncdel vill be 'updated to show
that 61 has been learned, and' by inference, that
its unseen preX"2lquisi te42 has also been learned.
These kinds of inferences (by 'Which skills can
reach too-easy or learned states Hithout the
student actually having seen them ina taSk) can
of course be contradicted by direct observation or
by other inferences if the student has difficulty.
For example, the unseen prerequislteof a given
skill may change its state' frc::l "too easy" to "in
trouble" if the student quits (gives up on) a
task involving the given skill. The next task
selection would attempt to find a task using that
prereqUisite skill in such a case.

3.1 BIP-II per.formance

The BIP-II task-selection procedure has been
implemented with parameters (e.g.; nUJilbers of
skills sought and thresholds deteTr.linihg \,then an
unpresented skill is '''too easyl' to be included in
the NEED set) that can be changed readily. The
system can therefore be used to explo!'e the
eff'ectiveness of SCl!:evThat different pedagogical
heuriatics for task sequencing. v!e used this
capnbility in conjlmcticn ~,.JHh n sir..:.ulnt1on systef:l
,",'e developed to create a version of BIF-II that we
expectecl ,",ould t'e e ffecti vc fo:c a rG.nge o.f student
abilitien. Hecently, ',le collcc'tcd datu f1'01:1 a
grcup of about 27 stt~dcnt3 who U!:·CQ this BIP-II
Sy3tCJn. lit this tim"~, the d'2tahu'iC not been
cx-f:en::,ivcly analyzed, but ""e can p'ccyidc' a genenll
sGl:'.m::'.ryand report our sui?jectivc, obse:rvntiQns.
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