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. In the fiZMomputg\ Assisted Instruetion (CAI) tany developments

e

take place. In order to have the 0pportunity to,,.resyond to forthcomng & "

new possibilities and requirements/‘i/n,.a— ‘fle}"cible way one \needs a

at

‘changeable CAI system.

Tunctions 1ndependently. According to this concept 1t is pOSs:Lble

L

to eonstrqg/ CAI systém consisting of rather 1sols.ted modules. A CAI .

Y

sy'stem structured in such a modtar way is presented.: .t

ERI
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3 e '3
' Computer isted Instruction (CAI) has become‘pophl&r in the last -

L3 o

ver the world. Coaigew&re has been presented to tens

10 years, all

-

i
of thousands of students, mostly in an experimental étage. CAT does'

not prove to be w1@ely accepted, pwa9t1sed and'dlssemlnated, however;
according to. the expectations in the id{%ial period. This may be due

to the probleéms encountered in creating high quality leSSOnaabwhich
night be able to demonstrate the advantages of the new medium in such’
- 3 .

-8 way that people.other than the creators can be'fonvinced. A gecoad

reason may be the fact that there have been no obvious financial
advantages of CAI in eompari;on to conventional educatiénal methods

\
&flelden, 1977) Another reason is probablxgthe unnecessary creatlon

%
of many dlfferent°author1anguages and CA& systems This hampered the

Vv
dlssemlnbt1on of CAI to all levels in educatlon. Within. 20 years there\”

have been some tens of authorlanguages [developead for’%onvenlent and

problem oriented programm;pg:\yany CAI systems have been'speeially
‘ ] te - - y :l ’ il
deaigned, some are small systems, vhereas others are 1arge. Same have
¥

pec1a11y des1gned terminals to present the teach1ng materlals .

L

‘with those aystems. . " 'y ‘

4

] . . .
At the Delft University of Technology, Department of Informatics, a

CAI project has been initiated several years ago. The obJectlve of }he
" . )
. project was research concern1ng ﬁhe 1mplementat10n of CAI, u81ng the most
) recent technological, organizational and educatlonal developménts A few
Y

comparat1ve studles (Bode, 1972; Leiblum, “197k; Zlnn,1969) show that the

state of the art of CAI has been sufflclently deﬁeloggd 1n .
" order to 1ntegrate several fundamental aspects Qf drfferent streams.
For such &n enterprlae a first stage would be to enumeraterthe cogmon o

Lf e o
. : Lok . ‘
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aspects of both coursewsve and of the different .aulhorlanguages, -
b L A N

‘including the sysiems,and methods used, to pfactise CAI.

This has led to the formuletion of & new cdncept in the practical

realization and orgam’.zation. of CAI. This will be termed 'Modular CAI'.
. * + +

An experimental CAI system was designed following this -concept to  * -

evaluate advantages against disadventages. This paper will discuss
L) ‘ L] L]
the concept, its implementation and the present modest experience

+

a';n"using this experimental CAI system.
N .
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'FUNC‘-I'EONAL‘,A!}ALYSIS OF CAI

n

- 1

Our startmg point is an a.nalys:.s on- the most 1mportant functions

. of & CAL system in- operatlon. <.

’
LY

In CAY the lesson is sgtored in the. memo::y‘ of the Mputer. The .,

. - .

conIputer s main task :|.s to entertaln & dlalogue with the terma.nal.

~ 1

This shoulci lead to & certaln transport of ipformagion from and to
the student. This two-way system bf transportation is quite essential
- * - - " -

in 'CAI, both :i.n'_ order to™maintain. a good' functioning of the :&Qogue

“during: all sessions and to.record the pérfomance of the

_students i‘or‘thé ’mea;urement by thg t;aa.chéo‘: of the impact of the
_1essons ap the st‘ﬁdent. This means t.hat excépt for pre%en;‘,ing lessons,

. .aq.qo a;. z.'ecord of theﬂé.ctl;ivities of the stl.;dents must be . pt for' .
a;nalys:i.s ‘later.‘ ) ) f

. 1 R
w .

The ‘teacher who,desi-gned a lesson,’/whether on his own or in a team,

L

should be ablé-to.évalua.te‘cont"inuouslyvthe quality of the lesson on
the basis of the registered activities of the student.
The fact that mam'r teaghers.and. students are involved in the same CAI

précess means that one of\the most important functions of CAI is the

-distribution of data. ) ) ) 1./

f
Mana_gement of all mentioned activities :|.s also one of the maih funct:.ons

‘in CAI Th:l.s takes place partzﬁ in t e computer. The just mentzl.oned
functions are d.eplcted schematic ly n f:l.gure 1. \ & Lo

"ﬂ ]

1nsert Tigure L about here

, , .
A closer examination of the functions shown ip figure 1 shows that each

is a* w‘hole clajs of .activities. ' ) ” \(

¢




- formulatipg the objectives;

- structuring the coursematerial;

- £hoice of the educational strategy;
*

- programming;
. . -

"

~= 'pom&’]::ion or translatioe into a final shape;
o o . N A

- testing. ™ . .
With the presenta.tlon of a J.esson we mean:

- presenting the 'instructional material;

L]

- a.ne.lys:Ls of the responSes frém the stuaénts' M
- deciding on the- proceedlng of h\lesson. .

Récording consists of the storage of:

——
-

’ ~
-"all responses of students;
- the response times; k

ol- the path followed through the lesson.
T ‘ i
These three element7 form the 'historical datg.’.
' g

D.'aluatlo concerns the analysis of the reeorded h:LstorJ.cal &ata. of

students and lessons—-&ﬁ'ﬁ of :Ln;erv:Lews. The o'b.]ectlve' of this evaluat—
-t - ] \ +* N

~ion process is the improvement and- adaptation of the dessons.

-, ¥

Distribution takes place in two dlrecta.ons i.e. the lesson moves from ~

e T T e

-

-

L]

the teacher to the student, whereas hlstorlce._l -mfomet:lon is gnIre_n .
the other way around. - ;/, o . i _: - . :_‘ v

such as the admlnlstratlon of all data., vhich should 'be dlstrJ}buted

- “* .

and storage and distribution of all 1dent%f1cetlon codea of students i

and teachers, each with theéir own a.utﬁo:-izatidl::s #ithin the CAI'system.

L . ‘

. : : v
. In the managgement function also such storage of data ig anlud thich

-~

L
is requlred to ‘restart a lesson a.fter a system failurg or other

disruptions caused by the student.

o -
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~

| - 4 - . 7"
Note that the above enumeration is far from complete, e.g. the contact

between teacher and _‘stude!nt on a cor}ventional basis has not been taken
into consideration. T .

\ . ‘ ™ » . _ .
In the technical realization of CAL we cah observe two developments in

-

-

two ‘opposi’-directigns_, agginst the ba\ckground of figure 1. *

On the. one hand there is the existence of large operational CAI systems -
) . ' -,

. with up to 500 te.:minals per computer, such as PLATO ahd 118 of IBM.

LY

One a.dvs.ntage of this app:noach is that the le‘son, or-at least the
experjence in writing a lesson, j'.s easily exchange'able.A dissdvantage }

"is the techn:.ca.?. a.hd organlzatlonal dependence on one ¢entral machine,

...a’
o
¥

’ "
in which.all data of students, ‘oeachers and lessons are stored.

- +

An entirely d:.fferent trend s the usage of small ecomputers ,&rh:l.ch can

locally present lessons v:.a termlnals. The lessons aref‘usually‘ dgveloped

- . v L '

) somevhere else and dlstrlbu’bed mecham.cally'

@ .- .
An a.dVantage of 't.h:.s.approach is 't.hat }ts small scale allowe to involve

N\

]

_the advanteges and disadvantages_of small vgrsus large CAI systéms wi}l

-of a’ lesson,
) .

local computers, already in use for other purposes before CAIL .is being

introduced. This 1s why the costs are perceived to be low. One other

a.dvantage is the larger flex:.b:.l:t.ty vhen’ ne'.ar technolog:.cal deVelopmeris

take place. ‘A ch.sadvantage ig that one does not have the power of a 1l ge

computer at one's dlsposal. N

] . .

. . . '—\--..__________/ . .
It is still &n open question, however, to what advice the balance of

"

*

lead. For exa.'mple, ‘the necessity of tentralization is questionable for

v

course mater:.als which have taken more, Or less f:.rm “shape after some
-~
years of expel}lmentat:.on, and which are virtually self-supporting. The

+

power of ‘a t‘r\ge system is coﬁven’ient in the early stage of tlre’design

hen many ch;ngee'stili are t0 be made.




A CONCEPT FOR A MODULAR CAT SYSTEM

L 3

Searthing for a modular CAT system it was deemed important that a

systenm sho'uld heve: ) ' .

. — -}

3 . v
'

- well defined interfaces; . ‘ ‘ ‘
.

- simple possibilities for adding or modifying modules. -

¢ . .
The latter possibilities are required in view of ‘:echnological

¢ *
[

advancement and chenges.in user demands. For e s:}stem as described

above two issues are/mportant.

L 4

‘ ]
. le}t_}y the large dlvers:l.ty in terms of la.ngiages and systems for ‘which

many and mostly good teachmg meterials. are avédilable.

-

Secondly the rapid pace of .development of perfomanceg versus.prlces,

. +

which différ for all sorts of machine'%’,For exa.mple, compstre the price .
- < ¢

:-_and perf_‘ormance'of very lérge computers, of microprocessors with flopin

or video disks, of intelligent gra.phic:al. i:erminals', ‘of communication
¢ 1£i.nes, ete,” . ‘

-

+

-~
. ’

In the negr future 'technological innovations dould have great influence
on the possibilities of the realization of several functions shown in.

figure 1. ’

» . +

*»

v

These cons:Lderat:Lons vere the rea,s@n' why this concept vas formula:ted.

Ly

i Lo _————— e ——t -

The six main i‘unct:;.ons mentioned -before could ?ossnrbly be executed
‘ iniependently by uging diff:erent co;nputera‘. *The only éondiéion

"is that the data to be tran?ferred should have & well-defined structure.
Thert;:fore the distribution, in particular the cha;actéris‘tiés g.n;i the

) * ‘ . - 0
form of what has to be distributed is cenfeml in the copeept, as sho

in figyre 1. .. ' S DR
The functions which shoplé. be carried out are in principle asgumed to

be independénf one of another. In other words: th?pera.tion of a CAI

1

system is in principle independent on the manner of implementation of-

« ' . C?
. LY
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the different functions. It is even possible ghat different ways.
* . N
T of impigﬂenté.tion of one and the same func%icm dan .exist simultaneously

in on’e\an.d-the same CAI system, We refer to the poss'ibilitj’ thg;l::\ somé
.\I > f -
lessons can simultanecusly be t_‘sllcwed by using a large computer in &

time~sharing system and by using stand-alone intelligent terminals.
.» . This is considered as important both with x:esPect to the tecgmlegicé.l

developnents to be expected in the néar future as W¥ell as to the .

different demands made by the users concerning ha.rdw‘are and

software in the CAI environment, The courses should be distributed in
' -

such a form that thei;r execution can be carried out without too many
- . ‘ -

readjustments, even at different dlocal computers. This form should have

L]

. \

the nature of a.code :i./:rwhich 8ll necessary 'CAI actions are‘népres?nted'
as a set of iﬁstructions. This means that this represen‘bation has to
]

be some type of.p.ssembler code, executdble and 1nterpretable by a

’ -

m'pothgtlcal machine (&. g. \lnterpreter in & pa.rtlcular complrter).

Tlﬁ.s implies that teaching~materisl which ise writtf?n in &n author.langﬁage

should be susceptible for ana.lys:Ls and transfersby Y co'hp:l.ler into this
S
. ) ' : - 5
' - ‘. . ‘u
Hence, this code should not bti more detailed than is required ‘for the
0\ . ' ¢ ] e . K
" complete description of the features of the different msuthorlanguages.

*CAL assanbler code.

~

The design of the code should not be‘amite.d by the restricted possibil-

ities of dertain comﬁuters. but should meet the conditions imposed by
‘fundemental CAT actions' as well as possible."‘
s T r . Sd
* * N ° * "
insert figuw'e 2 about here
L3N *

)é def:i:ned such a code and‘ter'm:ed it- as CAIESC'O' {CAI
.- )
ASsémbler COde) as described in figure 2. The compiiers and’ :Ln’qjerpret«ers

+ b .?

can be situated in verious klnds of Qompu‘bers. One éompller is necessary
. L

for each asuthorlanguage and one CAIASCO 1n'f.er;_>reter is necessary for

., 10




+.

—

¢

-

_ " each type of computer. The CAIASCO code is/Lluays identicel. In this
way the courses which are written in one authorlanguage can be

executeéd by vaqioqs kinds of coﬁ%uters. We 'shall now give a2 brief

description of this CAIASCO code.

L

CATASCO
. ~. ' N
Analyzing the different kinds of authorlanguages we found that

. y > .
their facilities 21) exist of a chdin of actioeﬁfwhtch all are part-

of 2 limited set, such as:

-

. 1 send 2 text to the terminaly~
2 move the cursor on the diéplgy panel;

‘'send a picture to the Qprminal;

execute a calculation;-

set a clock; *
wait for a response from: the student;
» ! *
switch the response processor;
L

an&lyie 2 response;
test & condition;

jump to another part of the_ lesson.

ions haJe a quit! broad and general significance, like action

T
8
9
10
{:;t

Some

‘1, while others are rather technical or apply dnly to the features of
- ] :J ] ‘ N )
one anthorlanguage, like action 7- The number of such elementay& CATL

. \ . - -
pactivities necessary to tleseribe.most of the authorlanguages turns out -
to be no lerger than about one hundred. The actions iqy@lved £ .

. . W : - ‘ . T -
in these activities are so elementary that only from their appearance or
from charadberistic sequences of such actions we'can recognize what® .

) w5, ’ .
suthorlanguage 1s in use. . ‘
¢ - ' .




Due to the el tary nature of these actions it is not'31mple to

v L

write a lesson in such a gode “n the strffiture of the CAIASCO code

we took more account of the pOSSlbllltles to‘make an 1n;erpweter

thah of the readability for users. However, the code femains readable
- . . - . ¥ ¢ \'

like usual assembler codes. N

< -

An other 1mportant start1ng point was‘that the code had to be such

that the descrlptlan of a course in a new authorligggage should not

-

require changes in the cade: the code will at most undergo some ,

extensions. (cf. Wiechers, 1975 and Van der Mast and Ven der Valqﬁp
L . .

-~ 1976 for a complete description of CgIﬁSQO.) .




- THE~MODULAR CAI SYSTENM IN DELFT

A CAI system has been designed andimplemented for our research in
“ V- w * ‘ ' c
order ta try out the new concept (Vam der Mast, 1977). The system is
i‘tmci_:io.nallyl split up over ‘Several computers, see figure 3.
&;? e ) ’inserf figure 3 about here ' '

+
A

Firstly we use an IﬁM 370/158_ to transpose the coﬁrses which are fed
E

by batch or 1nteract1vely in an authorlanguage into CAIASCO code.

!

This CAIASCO code 13 stored on tape or floppy disk for further

distribution to the presentation computers. The presentation of

] t@e'éeurses can teke place in two ﬁaxs;

"

- By'using'a dedicated PDP11/5 (28 kv) with eSght terminals.
The courses are 1nterpreted in thls computer. The 1nterpreter
is part of an experlmental system fCiISYS), whlch ensbles

_.users to follow courses in & multi-access way. The CAIASCO code

is stored on disk before ipterpretation takes plaée.‘HistofiEal

information is recorded on tapes. The dontent of these tapes

4

can be sorted end enalyzed by the IBM 370/158, see fiure 3. An.
interactive graphlcs package fbr the design of static '
plctures and texts 13 avallable at t@g PDP11/h5 The pictures

.are stored in & device-independent 1cture code during the sgﬁge

of design, such that the use of pictures does not depézgﬁhﬁ“y

'stronély on the use of certain'compute S or types of te?ﬁinéig:
A ) . ! ]

These éictu}eé nay beLpalléd by mame from the iesson. |

- ﬁé étarteq'during thes past §ear Qiﬁh the "implementation pff

L . an iﬁterpreter }or a micr0computer. This microcomputer is a

stand-alone small computer system with,a dua%/floppy dlsk ﬁnlt

(LSI11) \hé decided for mlcroccmputers because of the steep

. ' 13 b ' v




decrease of their prices and their growing possibilifies
. \’; . ) . .

.in usage. The distribution to and from this system has to take
place by means of 'f‘lop‘py disks.

R

The development of tga_ch:i.ng-maferia.ls

A}
.

"The design of a course is cafried out in the same way as elsewhere.
+ . .

.

Du.r:.ng the Bta.ges of progra.nmung and input in the cnmputer d:l.fferences

can ar:l.se/c"ompared to other systems. S:.nce the authorlanguage PLANIT

b

was POP in The Netherlands a.round 19"{5 it is natural that we first

bu11t a compl.ler for this Language. Thigs compiler was written
>

in ALGOL and has ‘been operatlona.l s:.nce two years. The comp:.ler 1ni'orms

us not only of syntactical but also of a certain number of semantical -«
. * .& - . - - L3

errors. Various courses wk.lich were desighed somevhere else using

3

L]

a PLANIT éysfem' could be transformed into CAIASCO without any difficulty. °
At the moment a-compi_le:‘ for a subset of TUTOR language Of the PLATO ».

¢ . , ~ e
systen is -:i:n developmert. For this purpose the CAIASCO code has to be

extended with some new actions. This is especially interesting because

*
+

thesg two langueges which do not resemble one’ another can be derived

e j,nto. one and the same ‘CAIASCO code.
/

R

v L.
The Presentation snd Registration

‘.\

.‘\

- The experimental CAI system CAISYS contains a CAIASCO interpreter and X

also software for managing and monitoring lessons in & multi~access

Jway. Special measures have been taken in order to keep response times
+ , '\'
of the system below tw& seconds. &fter techn:.ca.l fallures or after

. 111{'.errupt1.on3 of courses, one cah, proceed with the courses w:.thout )

-

d:l.ff:.cult:.e,s. Four of the term:.na.ls have a. wlde variety of graphical

. ‘ o . o




™

. . ing sessions students can nake use of simple calcilating
n . ‘, ' Al .
. PR ities. They may alvays evaludte but one arithmetic expression:

-

Besides they can define variables and tunctions neceséary.fqr thei? .

calculations. ' . s

"

The path followed (tﬁrough a course 1is mor!{'itored by CAISYS Tor use

during the 1essoﬁ. This information“is not the same as the historicel

gata'on tape, which is for-evaluation afterw;;ﬁs.

In the CAIASCO codg reference can be made to pictures. These pictures

il

can be inserpéd during the loading of the bﬂxn@co code. The pictures

can be designed by using an interactive graphics package and can be

stered in libraries, see figure 3.

0‘-

1

As g conseq_uehce of t.l;e latest :tecpnical ﬂevelo_p:ﬁentf in mi’crocomputersJ
ve are now amidst the development of a CAIASCO interpreter for & micro-
computer (CAIMIC). The possibilities of presentiﬁé courées will be -

51mllgr to that ih CAISYS. Students recelve a floppy disk with & course

- recorded—qn it. H:l.storlca.l da.ta. will be stored on a.nother lepPY digk

! "_

which is not ‘available for the studept. These stand—alone m:.'crocon_lpuf. ers

can bi’spg;ly transported.

'The use of thd systdm

-

We distinguish 3 categori§§ of users of Ehelgystem:
- teachers, authors and prog‘ramme;t‘s;‘
~ the manager;
; stﬁdents.‘

The set up of the system.makes an interactive design of courses ¢

impossible, so that the author ca.nnqt follow the course in a. s‘budent- lb




mode in .order to test it.

-

Experience shows that writing a dourse is not as simple as we

thoaght and it is not a.dv:.sable to present the course- ‘

i

" ware on t.h\d:.splay in a po- ear]_y sta.ge of the des:.gn the actusl

"design and structuring process should not take place at a termi a.l.

S . . ”, * -
Experience also shows that programmug- should be carried out by programmers

in the design team. In our”case, the task of the programmer is not to

W

make a good run Of a 1esson but. to write parts of a 1esso.n in the

N 1

authorla.nguage and to convert it into CAIASCO, us:.ng the appropriate

-

N \
compiler. The manager of the CAI system can then take care\pf the CATASCO’

code such thﬁ:\the course can be followed at terﬁinals, A course in such-

a design phase should be evaluated on its correctness, should be judged.

didactically and tried out by obher persons of the design team. 'i‘he
" .
necessary cnanges ‘}s.};c’. corpeetions can then be communiceted to the

’

programyer. . : . -

% ‘ . . | -

The task of the maneger of the system is to insert the CAIASCO code into
) '

the CAISYS subsystem. It is also his task to do the accounting of

students and lessons in CAISYS and to distribute ,passwords to sfudents.

Iy h
He should take care of all tapes containing historical data and it is

' -
Kis duty thdt all evaluation programs are ava;iable at the large computer.

The students are the most importanmt users of the system. The objective

* ’ ﬁ o . [ v‘ » :
they have to take place at the terminal is simpley they went to learn

-

something from the courses. The CAI system itself can contribute .

-

-
' L .

to' the learning process by being as-inconspicuous as possible to the

- v N . .

student. The characters gheuld “be well readab*le and the response time
3 ' ! . * e
should fot be foo long. The terminal zust be simple in use. Also the

in- and outlogg:.ng procedures should be simple. In t.h:;s respect the

4

CAL system w:.ll not dlffer too much from other CAI systems.

!6
G o




CONCLUSTVE REMARKS

i
-

-

The modular CAT system here des 1bed yes: bullt in order to cl{eck
o
R
the fun&amenta.ls of the unde“l'mg concept in pra/tlce. Rese&rc:h

e

par_t:.cularly in the area of computer

technology;. In liwe with this a.ppro‘ach the organizgt,ion g.ﬁd plan}ting'
=t = i
were not meant t.o produce &’ large number of courpdes. . /"

e

-~

Ex'gerlence with ‘large numbers of studeats j/ aut.hors is also not
availebie until no¥. _Technl,cally the syste is functioning in

A

actordante with our expectations, however.

In the near- future the system will be used more intensivel by
T 1écturerstand students at the Delft University of Technolo

_ The extension the system will undergo with the compiler for the TUTOR

subset and 'the CAIASCO 1nterpretfer for & stand-alone microcomputer

system v:Lll enable us to test ‘the dhangeablllty and the flexlblllty

- e

.of thJ,S- modula.r CAI sy/stem. T e

h
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