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THI<: USE OF WATCMI TO IMP LEMENT A STRUCTURED APPROACH TO CAI 
COURSEWARE DESIGN 

B.L. Wills and J.G. Wilson 
Department of Systems Design, University of Waterloo 

Abstract 

The basic and fundamental objectives of the WATerloo Computer Managed 
Instruction System (WATCMI) have remained unchanged since the original 1973 
prototype. These are to place in the hands of the front line educator a tool which 
enables him to generate CAI courseware himself without having to acquire any 
specialist programming skills. 

The purpose of this paper is to illustrate how certain features available in W ATCMI 
permit overall course strategy to be planned in a structured manner. Three levels of 
courseware structure are recommended: a module, which contains material (submodules) 
on selected topics from the total area to be covered, and a set which links the 
component modules together into a suitable package. The result of this method of 
courseware organization is to further reduce the complexity of courseware development 
and implementation by dividing the overall task into smaller more manageable units. 

UTILISATION DU WATCMI POUR ABORDER DE MANIERE STRUCTUREE 

LA REDACTION DU LOGIClEL PEDAGOGIQUE 

Resume 

Les objectifs fondamentaux du WATerloo Computer Managed Instruction System 
(W ATCMI) sont demeures inchanges depuis la creation du prototype initial en 1973. 
Ces objectifs sont de mettre a la disposition de I 'enseignant avant-gardiste un outil lui 
permettant de creer lui-meme un logiciel pedagogique d 'EAO, sans qu'il n 'ait besoin 
d 'aucune connaissance specialisee en programmation. 

Le but de la presente communication est d 'illustrer comment certaines 
caracteristiques d u W ATCM I permettent de planifier de fa~on structuree la strategie 
pcdagogiquc globale. Trois niveaux sont recommandcs pour la structuration du logiciel 
pcdagogique: un module, qui comprend la maticre (sous-modules) de sujets choisis 
parrni I 'ensemble de la maticrc couvertc, et un em'emhle qui ctablit le lien entre les 
modules de f~u~on que I 'on dispose d 'un programmc-produit appropric. GrflCe ,t cette 
mcthode d 'organisation du logiciel pcdagogiquc. il est possible de rcduire davantage la 
complcxitc du dcveloppement et de la mise en application de ce logiciel, la tache 
globale etant divisce en des unites plus petitcs ct plus maniables. 
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Th e WATe r loo Compute r Managed Ins tructi on Sys t em (WATCMI ) has bee n th e 
s ub ject of ongo ing deve lopment-wo rk s ince 1973 whe n th e origina l prot o­
t yp e s ys t em was des igned l , 2. During thi s peri od, it has mi g rated 
thro ugh three different host computer languages t~ th e current VSAPL 
and has s pawned a parallel system known as WATEST , which prov id es 
interactive examination and survey faci I ities . 

The basi c a nd fundamental objective of WATCMI has r emained unchanged 
s in ce th e o riginal prot otype wa s de vel oped . This goal is to place in 
t he ha nd s of the front-I ine educato r a too l which enables him t o 
generate CAI coursewa re for h is students without either having t o go 
t o prog ramme r s , o r having t o a cquire comprehensive programming s k i lis 
wh ic h a re not no r ma ll y part o f hi s techni cal repe rto ire . The fac t 
th a t th e WATCMI sys t em i s in the form of two discrete interpreti ve 
pac kages , a nd th at each s ub-modul e of co ursewa re i s a s ep a ra t e fi le , 
a l so se rves to e l imin a t e any necess i ty t o become de pe ndant o n expensi ve 
commercia l ha rdwa re / co urseware pac kages a nd e ns ures th a t contro l of 
in s tructi ona l s trat egy rema ins wh e re i t s ho uld be - wi t h th e in s tructor . 

Th e precedin g po ints have a ll been cove re d in oth e r pape r s 4 , 5 , 6 , 
howe ver one immec iat e resu lt of g iving the e du cator a CAI autho ring 
fac i I ity i s tha t he now need s some guidance in planning an appropriate 
co urs ewa re pac kage t o serve his needs. It should be emphas ized , a t 
thi s po int, that WATCMI has been produced by system design e r s not 
e ducati ona l r esea rc he r s . It i s our expe rience, in res ponding t o 
a uthor needs , that the profess ional educator can define the in­
s tructi ona l t a ti cs, content and objectives for a specific s ub-module 
o f in s truc ti on and can define an appropri ate sequen ce o f th e se sub­
modul es f o r hi s s tudents . This i s impl ic it in an experience d 
e ducato r ' s pro f es s iona l background. 
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We have found that th e need for our consultative input and advi ce 
seems to fall into the f o ll owing three areas: 

I. Empha s izing for the novice CAI author the real iti es of an inte r­
active dialogue system . This includes illustrating that a planned 
response s trategy must be generated for al I answers, not just for 
the correct answers . Thi s requirement represents a significant 
departure from pl an nin g conventiona l class lectures , although it 
i s a f ea ture which i s common t o a l I CAI co urseware des ign whateve r 
the hos t sys t em may be . 

2 . Advi s ing the CAI a uthor how to make opt imum use of th e WATCMI 
f ac i I iti es in order to implement spec ifi c object ives in th e 
in s tructional tactics. 

3. Advising the CA I author wi s hing to gene rate a broad s pec trum of 
material in a general curr i c ulum area , how to plan and implement 
a s uitab le structure consist ing of a ~et of modul~ each contain­
ing an app ropriate group of ~~b-modul~. 

Th e first two items are areas where such support would be expected 
in a system of this nature. The third item, however, is more unusual. 
This i s not to suggest that there is anything innovative about a 
planned structure of i nstructional modules per se . However the im­
p lementation of such a structu r e easi Iy, automatically and inter­
actively, is impl icit in the basic des ign of WATCMI and the purpose 
of th i s paper i s to i I I ustrate how these bas i c features pe rmi t overa I I 
course s tra t eg y to be p lanned on a structured basis. 

Analy s i s of a general and complete courseware package to serve a 
spec ifi c curriculum area suggests that it should possess three levels 
of structure. The lowest of these three levels is cal led a sub - module , 
(the basic unit of instruction), and consists of small units of pre­
test, instruct iona l st r ategy, dril I and practice , post-test or 
eva luation material, as required. Sub-modules a re grouped together 
appropriate ly into the next higher leve l s tructure, cal led a module, 
wh i ch cove rs a we I I def i ned segment of the mater i a I to be presented . 
Finally, a set of modu les when I in ked tog ether identifies the comp lete 
CA I course . 

The novi ce CAI aut hor can identify easi Iy with the lowest level of 
st ructure and can usually generate usable material without much help , 
since thi s i s where the detai led front -I ine in st ructi onal strategy 
i s conta in ed . Howe ver, a little material goes a long way and if the 
total in s truct iona l s trategy is comprehensi ve and extens ive it can 
become ve ry compl ex and unmanageable. This is typical of 'comp lete ' 
courseWdre packdges and leads to an unde rs tandab le reluctance on the 
pur-t o f ed uca -j-o r s t o cons ide r c reat ing th em in the firs t instance 
clr1<J/o r updut ing -j-he rn cJ -j- a ICl t er date . It i s thi s pote ntial explosi on 
of compl ex ity that re info rces the modul a r, s truc ture d app roa c h to 
co ursewa re des ign . Conveni ently, WATCMI provides the t ool s fo r 
~3 tructured des ign in a fo rm whi ch can be r ea d i Iy un derstood and used 
by -j-he CAI a uthor. 
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Our first response to an author is to get him to c~nside r the overal I 
curriculum area that he wishes to cover and to visual i ze it in modular 
form. This can then be organized on a diagram such as Fi gure I whi c h 
consists of identified course modules I isted in a ma s ter index. Th e 
basic pres umpti on i s that such modul es are not inte rde pend ant a nd may 
be run in any o rde r, s ubject on ly to the basic pre requi s ite know le dgc 
le vel required fo r the curricu lum a rea be ing cove re d. 

Thi s diagram now se rves as a ba s i s fo r ex panding the s tructure so 
that each module is broken up into a number of s ub-modul es . Th ese 
s ub-modul es contain the actua l instruc tional material and pre-re ­
qu i s ites can be defined with student progress being performance­
dependent. At this point a diagram such as Figure 2 becomes most 
useful to the CAI author . From it, he can now plan his work around 
the pre-defined objectives of each box on the diagram, whether it be 
an index or a sub-module of in structi on. 

The fundamental WATCMI feature that makes structured courseware 
implementation possible is the fact that each unit of material 
generated by the CAI author using the author assistance package be­
comes a disc rete fi le in the host system. Add to this a capabi I ity 
to construct a fami Iy of fi lenames having a common generic root but 
differing in the last two character positions which contain digits 
and we can now have up to 99 sections of a s ingl e course. Go one ste p 
furthe r and provide faci I ities for reconstructing a fi lename based 
upon the use r input of a section number and we now have a mec hani sm 
fo r getting from on e fi le to another automat ica lly, base d upon inte r ­
active d ia log ue with the user . AI I the se capabi I iti es have been 
implemented in th e WATCMI system. 

The usual starting procedure for the author is to generate special 
course sect ions which function as module or sub -module indexes. These 
are identified syntact ically as indexes in the WATCMI authoring 
language and usually contain one message block consisting of tabular 
information which I ists the section number and content of further 
sect ions . The user then selects an appropriate next section and the 
system retrieves it automatically . The overa l I structure is thus 
I inked together by what can be described as an interactive po inter 
s ys tem based upon di s played index information at various levels. 

Once the s truc ture has been planned, indexes and s ub-modul es can be 
gene rated in a ny o rde r. The various i ndexes are writte n quite 
~; irnply cl S furrh c r ~; cc i' i on s o f the co urse a nd, if lengthy , can be pre­
~ cntcdr() H lC ~~ lucJ ent vi a 35mm s i ides us in g a random-access pro j ec t o r 
c<mtroll c d by I-Iw clUlho r' s de fin e d s tra t egy . The res u l t i s an e ff ec­
I-ive and casy-ro-use s ys t em whi c h r e duces th e potential comp lex ity of 
the ove ral I co ursewa re to a managea b le le ve l and ma kes it eas y t o 
p la n the in s tructi ona l conte nt of eac h s ub-modul e . 
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