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TAE ARCHITECTURE OF AN SUTHORING SYSTEM IN SMALLTALK /%

£, Fischetti® A Giaoifi*

ABZTRACT
This paper discusses the problem of furnishing knowisdge aboud different domains tos "shell” and
describes anautharing facility ymplemented in Imalltalk/Y onan IBM-PC. Considerations invalving
the plenning and construction of the shell are presented as vegards foth i3 internsl and external
arenitecture, The peculiar capabilities of Smalltaik s aupply the basis for the envircament of the
shelt.

TNTRODUCTION

The popularity of "shells” for Intelligent Tutoring Susterns (175} is growing but, among teachers,
there has been widespread dissatisfaction with mest shells that they have used. We conaider shells as
potentially useful clsssreor fools, yet many problems have fo be solved for they could develop into
reqular teols, In fact, we note that most researchers distinguish four modules in (TS {ref 8)4
dornain expert, that posseszes the knowledge to be taught; 5 student expert, that suits the teaching
strategy to the each student; a teaching expert, that explicates the tutorial strategy; an interface,
that manages the dislogue betwesn the user and the systerm.

Althaugh thers is a wide sgreement about the general structure of 175, the task of developing vseful
and effective systems iz 3 challenging one: the proflems in determining hew fo represent the
knowledge demaina, how the students iearn in g given domain, are all topics which are still being
investigated. Very few sysiems are, o date, truly opersticnal and most of them are 531 pretotypes
that require improvements and extensive figld-testing. Moreover, few tutoring systems attempt to
operate across & et of domaine ("shells"); in fact, these susterms present, for instance, the probiem
of huilding the knowledge base and this usually is a heavy burden for individuals whe ars nat
programmers, but are only expert in the dommain te De taught. Yet, we note & fandency towards
standard srchitectures for T3, in particular "shellification” &3 oppased to specialized indiwidual TS
iref o, 5, 7, 1, ). 0n the other band, newadays Object Oriented  Prograrmming (00F)
represents one of the most favourite aress among the emerqing software technologies (see ref 4,
2 for 00F educationsl implications). The construction of a shell, in cur opinton, can greatly henefit
from a fanguage like SmaittslksV: in fact, each concept or miscoenception i3 implemantad a3z an
shject, Obiscis are hierarchically orgamized o that we have the inheritance of attribotes nesded for
the diagaosis of conceptisns and misconceptions. Moreover , visual aceess fo esch object i3 provided
by the programming environment of SrnalltalksY. Finally, SmalltalksY operates on 18M-PC ang
thus only quite Tnexpensive machines are required. The above skelchad ressons suggested us
devetoping an suthoring facility which fully exploits the peculiar capabilities of SmelttalksY. Jur
pratotype i3 capable of relevant improvements and, at the time of writing, it ahauld not be regarded
a3 an attermot o provide “intelligerd” futoring singe aur main obiective was to build qeickly an
stfactive tool to explara the potential of 00F educational enviranment.

El

THE SHELL
The two basic uses of shells are building, where users conatruct their cwn knowledge bases, and
consultation, whers, after butiding, the sustern deveiops the tutoring strategy. Our shedl was thus
deaigned as @ topl with two basic environmentz (one for building and one for consulting} and several
accessary tools for such tasks as explanstion, browsing, practice, olc, We will now a0 4nto descrite
the shell a3 regardz both the irternal and the external structure, for the expart and the end-uszer,
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iNTERNAL ARCHITECTURE

A dree can be used to represent the architecture of the system fzee figure); the nodes denste the
constituting modules First we encounter the root which represents the whole systerm: it has three
sons: amalltaty primer:  personalizing the  shell requires  an elementary knowledge of
SmalltalksY, if the user does not possess 1t this module provides the basic notions necessary o
accoraplish this qoal.
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Eoth theary and exercizes are prezent to attain quickly s sufficient mastery of the language.

zhell primer: s simple quide, in two parts, for using the shell; the first part addresses the
2nd-user, the second addresses the expart in the domain fo be taught te altow him building the
xnowledge base. The shell idself,

Inturn, the shell was organized a3 follows. The nodes represent: &) Building the knowledse base: this
modute takes care of introducing the knovledge inta the domsin resresentstion. The expert iz
supposed to be not s programmer and he is led to aecomplish the building. b)Cansultation: when the
knowledge i introduced the tufor can be started. The strusture is as folliws: Explanations: current
informatiens about the aptions offered by the menu. {nferface:thia madule i3 the care of the aystem
snd manages the disfoque between the user and the systern. Besides it controls the modules
representing the thres instructionsl jevels { beginner, intermadiate advanced’ available in the
tutor. The sedection of the levels can be petrformed by the tutor,

Each leve! has as many sons as are the chapters 1t is subdivided into: each chapter has two sons:

- Theory: the underlying theary regardi ng the knowledge dorsin is shown

- Exercises: the maatery of the student i3 varified by means of suitable exercises,

IMPLEMENTING THE SHELL

The hierarchical arganization of the modules waz implemented thanks to the capabilities of
srealltalk to define classes of abjects. & class i3 associsted with gach madule, each possesses the
methods apt to implermenting module fumctions, Besides o stree Smalitalk hes the peculiarity of
class inheritance, we were able ta argamize the system sccording fo the srchitectural hierarchy, o
that modules and sub-modules of the system get associated with classes and sub-classes of
ImalttalksY. The methadological choice of flty exploiting the peculisr charscteristics of
amalltalk /v Tanquage influenced alsa the quidelines for implementing the interface: we defined same
siitehle windows esch associgted with g corresponding manu so that & friendly inderface is schieved
The user can select the appropriate entry in the menu or, alternative? i, when the system hehawinr
depends on user's answers to the question put by the aysierm, the prompter can be ysed.

This tupical Smalltalk/¥ structurs i3 8 Yittle i ndosw containing the question to be asked the student
and the possible anewers. If the student answers correct] y the relatad choice will be implermented.
The prompter i3 a powerfui visual too] since it offers the informations in an attractive Wl

The madule Iaterface branches off to the three sub- modulea managing the teaching levels. These
suf-modules are mutually indegendent, yet they are implemented vis sub-clazses of the same class
Interface. The independence quarantzes that no confusian can arise ame nq the Tevels contents and it is
achieved by aasioning 2 different class to eanh tearhi ng level; mereover, sach lavel is Tabelled with
an identifier that marks il the files cortai airg infermations sbout the Jevel itself.

Firally, we note that the exarcizes assosiated with esch o hapter are dynamically argsnized by means
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of g circular quee {implemented by Ordered collection™) that sllows the expert inseriing ecerioises
st owill and, Turthermore, permits the student fo leave temporarily an exercize and, later on, 0
Fesume it

EATERNAL ARCHITECTURE

The first approach to the system allows the user choosing on2 of the courses already prasentin the
system: "Smatitalk primer” or "Shell primer”. Both courses share the same structure and provide
nasic nations shout Smalltalks¥ (for perzonslizetions) and the shell {for buildingd, respectively.
The tutorial strateqy first furmishes the theoreticsl background, subdivided info o hrzm‘vr* and then
the related exercises are available to the user for the necessary practice. The same holds for the
peet of the tutor. The building of the knowledge tmes is performed by the expert by mesns of sitable
windows and menus 3o that the aim i3, sten by step, achieved. in no way the operation can be
snsuccessful; in fact, the sxpert iz carefuily quided by the system during the insertion of the
tnewledge. Then the tutor i3 ready. & window subdivided info two parts is first shown:

Upper part eontaing the chapter currently under examination;itis Vist-pane Jike 30 we select the
itemn. Lower part: it is text-pane like snd generally containg & text (e, a method, exercises, et ).
if the user selects & chapter amang those shown in the upper part s menu will be szsocisted with the
lewer one permitting the user fo enter the desired section {theoryor prn.tma}, Thiz technigue,
incentrated an the couple of active windmws | allows the user easily re-examining previous lessens,
In garticidar, if the vser wishes to practice, then the sxercizes assoctated with the selected chapter
will be shoswn in the Tower part, together with the answers, and the prompizr is made svatlsble.
Should the answer be wroeng, then the sustem wis manu, offers three different help levels:
Theoreticsl: zummarizes the theery underluing the exercise. Hint:depending of the answer provides
g auftable hint. Dirsct: answers cerrectly the guastien,

We note that there is ne dpper Wit to the number of exercizes and the same holds true for the
number of answers. Moreover, the three inztructicnal levels permit to achieve graduslly the
desired rastery.

CORCLUGING REMARKS

The OOF parsdigm well reflects, in our opinion, the cenceptual framework and permits (o use a
rierarchy of objects assaciated with the different types of concepds. The profatype developed by us is
undergoing field-testing in waricus aress (eg. elementary algebra, programming lenguages,
geametry) and the preliminary vesulls are, according to cur classrosm EE [T Flences, rather
encouraging; yet we are awars that many consiraints on the design of the zhell {e.q. size, agility)
lead us fo privilege some features {eq. effectiveness, friendlines 553 afd prevented us fram fulty
serutinizing some important problems leg, student model, ratural Tanguage interface). Ths
research is under way and next releases will incorporste other advanced fzefures; i is our opinion,
however , that DOF will play, in the wery near future, a more and more important educational raols
thanks to s peculiar characteristios.
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