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ABSTRACT 

The number of personal computers is growing at a 
phenomenal rate. Their capabilities in man-machine 
interaction makes them useful in teaching a 
variety of subjects. They can offer a stimulating 
presentation of the material to be learned, varied 
drill and practice exercices and simulations. 
Testing, evaluation and progress monitoring are 
also possible. Key issues about quality and 
content should not be left to businessmen alone. 
At CERN, Computer Aided Learning could be useful 
in connexion with large experiments. 

1. INTRODUCTION 
Personal computers are becoming a reality of life. People are buying 

them because they feel they can be useful to themselves, and beneficial 
to their own families. The first machines have been bought by computer 
specialists who like to work independently at home; soon afterwards 
software became available which made them attractive to consultants and 
businessmen to compute financial investment plans, run the accounting of 
a small firm. The best known of these packages is VisiCalc, of which 
VisiCorp claims to have sold 250*000 copies. 

Engineers are also moving from the desktop to personal computers. To 
be sure, it is the desktop machines which have evolved adding more 
memory, better software and good peripherals. Being aimed at a more 
affluent class of users, the personal computers become professional 
computers and cost significantly more. 

Regardless of the primary purpose which motivated its acquisition, a 
computer in the house is a very challenging presence. Only a few computer 
buffs actually manage to learn a programing language but who can resist 
showing friends how good a chess, checker or even poker player his 
computer is, if the program can be bought on disk or tape for only a few 
dollars. Text processing, diet watching, cooking are also popular 
packages. 

Without discussing further how they got there, let us consider that 
about 500*000 stand alone computers have found their way into places 
where they can be used by individuals. It is estimated that 20 % are in 
Europe, versus 80 % installed in the US, where 100'000 are in schools. 
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The ubiquitous fascination with games has opened another door through 
which micro-computers have entered the home. Most of them are embedded in 
a black box connected to a TV-set, equipped with Key pads for 2 players 
and loaded from an audio-tape. Out of the 1 0 millions Atari or 
Intellivision installed in as many households, very few are also equipped 
with a Keyboard, but the capabilities are there and the next generation 
of home videogames will have many optional features making them the 
equivalent of today's personal computer with the possibility to add 
synthetized voice output. 

Many parents would like to help their children throughout their 
school years. Home computers could be a good market for educational 
material. In a capitalist society where unemployment runs high, the 
acquisition of new skills is forced upon many individuals while people at 
the top try to keep up with new concepts or new technologies. Both groups 
are eager to use whatever means are available to them including the use 
of learning material on their personal computers. 

Although public networks are outside the scope of this presentation, 
they present a viable alternative with different marketing strengths but 
many similar problems. 

In between lie time-sharing machines and local networks, found 
mostly in public education systems. They are invaluable sources of good 
material and inspiration. From now on, however, our focus will be single 
user computers which are sold in large numbers to the general public 
under the generic name of personal computers. 

2 . WHAT IS A PERSONAL COMPUTER ? 

There is room for disagreement on the minimum capabilities that will 
qualify a microcomputer as a personal computer. It always has a central 
unit based on a well known microprocessor (Motorola, L S I / 1 1 , Intel), a 
reasonable amount of random access memory (RAM) and some Input/Output 
equipment. 

The mass memory is made up of one or two floppy disk drives, floppy 
disks being the normal way of exchanging software. It is now possible to 
add Winchester type disks which offer much more capacity. 

Educational material, like games fortunately, requires good graphics 
capabilities. Simple alphanumeric video terminals are not enough. 
Pointing at features on the screen in graphics mode implies a cursor easy 
to manipulate. Printer, typewriter or other hard copy device are not 
required. These minimum requirements are only for delivery systems, on 
which the educational packages run. Clearly, development systems where 
authors and coders prepare such programs are usually more powerful. 
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Although the term "personal computer" became popular when IBM 
announced its own model, the concept itself was pioneered by Apple, the 
archetype of a California high technology company, which has turned its 
trimmed down, low cost, Apple-II into a huge commercial success. More 
than 350'UOO have been sold. IBM is said to be producing l'OOO PC a day: 
the reason for the delayed announcement in Europe is that the demand on 
the American market cannot be satisfied. 

The Terak's which were brought to Zinal are clearly too expensive to 
qualify as personal computers. They appealed to developers of educational 
material because of their relatively good graphics capabilities. They may 
be the forerunners of special purpose personal computers, achieving 
survival by being software compatible with well known programming 
environments like CP/M or UCSD Pascal. 

Table 1 

Features of some systems 

Apple-II Terak IBM PC 

Microprocesseur Motorola 6502 LSI/11 Intel 8088 
RAM (Kbytes for user) 48 56 256 
Floppy disk (Kbytes) 140 256 160 
Alphanumeric display (cars) 24x40 24x80 25x80 
Graphics display (pixls) 192x280 240x320 200x640 
Approximate cost (SFr.) 5'500 20'000 10*000 

3. MAN-MACHINE INTERACTION 

By its very nature, good educational material is highly interactive. 
To keep the students interest alive, programs must frequently ask 
questions and gracefully bend to the users wishes. Under no circumstances 
should the machine display system messages which mean nothing to an 
ordinary human, stop dead, spatter gibberish on the screen or emit 
strange noises from the disk drive. Educational material requires very 
reliable hardware and a really friendly operating system, bearing in mind 
that what some students consider legal can be an endless source of wonder 
for the system designer. 

My experience in the field is limited to the teaching of UCSD Pascal 
to about 150 students at Irvine, which is a campus of the University of 
California (UCI). Stephen Franklin and I taught a course developed by Ken 
Bowles at U C S D 1 ' , using a dozen Teraks which were not free of hardware 
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problems due to their heavy use 24 hours per day and 7 days a week. The 
course was based on a set of on-line exams. I also participated in 
research done at the Educational Technology Center (ETC) in Irvine under 
the direction of Alfred Bork, trying to adapt some of the "dialogs" and 
quizzes from a time-sharing environment to stand alone personal 
computers. Rather than an authoring language, student coders program from 
detailed specifications using a library of powerful software tools. The 
following tools, which are necessary on any system, will be presented in 
their UCSD Pascal environment 2'. 

3.1 Text presentation 

Those who took the time to play with the programs HEAT, SPEED or 
ELEC, developed at ETC and available on the Teraks brought to Zinal from 
the EPFL, will have noticed that a great effort went into delivering 
textual information in pleasant-looking formats. Any message can be 
displayed in a window predefined by the designer. Speed of delivery and 
display time can be easily controlled. Developed as a unit in UCSD 
Pascal, TEXTPORT can be moved from one system to another. Difficulties 
are to be expected however when dealing with mathematical symbols, upper 
and lower indices which require different tricks on different machines. 

3.2 Graphics 

GRAPHPORT offers similar facilities for windowing, scaling and 
displaying pictures made of vectors. Resolution plays a crucial role in 
the quality of the material presented and some of the most popular sytems 
are hopelessly lacking in this respect. A graphics editor is a necessity 
to produce good quality material without endless recompilations. 

3.3 File handling 

Teaching programs are usually quite large (15'000 lines for E L E C ) . 
Most present day personal computers don't have virtual memory. It is 
necessary to use segmentation and overlays; but one must be careful that 
the delays introduced in loading them do not induce unpleasant 
interruptions. Text messages and pictures can be stored on mass storage 
devices independently of the program. This presents a special challenge 
to most Pascal environments in which random access files are not well 
supported. Files are also important for storing student response while 
testing the program. 
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3.4 Understanding 

In the most primitive systems, large chunks of text appear on the 
screen, the last sentence being a question followed by 

"TYPE 1 FOR YES, 0 FOR NO". 
This is not appropriate for an environment in which the learner is 
invited and encouraged to play an active role. Recent advances in the 
analysis of natural languages allow much freedom in the interpretation of 
student responses. Imagine for instance that at the end of a difficult 
section the designer places the following question: 

"Do you want to try another example ?" 
Pattern matching of grammar rules would accept as 

"YES" 
YES/YEP/YEA/SURE/O.K./PLEASE/CERTAINLY 
OF_/and/_COURSE/and/not/_NO/N'T 
"NO " 
_NO/NEG/N'T 
"STOP" 
STOP/QUIT 

where / is a separator, _ a "sticky" blank and lower case letter words 
are logicial connectors binding keywords on the same line. This syntax is 
not known to the student whose answers - in upper or lower case - will be 
scanned with much tolerance for extra spaces, misspellings and other 
fantasies. 

To be fair to quite a diverging view on this point, I would like to 
mention a paper by Jurg Nievergelt titled "A Pragmatic Introduction to 
Courseware Design" 3' where he states "The tutor should not pretend to 
be smarter than it is". 

4. COMPUTER AIDED LEARNING 

Many application packages could use the techniques just described. 
Good educational material proceeds from a careful pedagogical design. 
There are various ways of stating the goals of a given course - which new 
concepts should students master, what new skills should they acquire -
and of drawing a path to get there. Small teams of teachers, most 
competent in teaching their own field, and computer specialists, aware of 
the possibilities and limitations of the delivery system, have the best 
chance of producing high quality material. The techniques used to support 
their activities with the computer, like authoring aids, graphics 
databases, fast prototyping, will not be discussed. Our attention will go 
to what can be achieved. 
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4.1 Drill and practice 

Wonderful gadgets based on micro-processors have already reached the 
general public with considerable commercial success. The "little 
professor" whose eyes sparkle with delight when a child enters the 
correct result of an arithmetic operation, "SPEAK and SPELL", pronouncing 
words and checking their spelling, are the best known examples. 

Similar feats can be accomplished on a personal computer. Random 
number generators applied to generative grammars can give endless 
varieties of exercises on practically any subject. Those who want to try 
their hands on UCSD PASCAL can do so on the Practice QUIZZES available 
on the TERAKs. They were developed by Kenneth L. Bowles team in San Diego 
and should be used in connection with his book "Problem Solving Using 
Pascal"*'. A n y teacher who can specify formal rules to produce 
questions with unique answers should be able to implement them easily. 
There are countless systems in use today to practice anything from typing 
to Greek, German or Latin grammar. 

4.2 Simulation 

High energy physics makes a large use of Monte Carlo methods in 
preparing and analysing difficult experiments. In education also, the 
computer can be asked to duplicate a typical laboratory environment. Let 
me quote Alfred Bork^' on what he calls Controllable Worlds : 

"The computer can generate rich, creative, manipulatable environments 
for the learner, environments difficult to manipulate and experiment 
within the real world, even impossible environments ... 
In as much as experience is the basis for intuition, these 
controllable worlds can give the user a feel for phenomena and the 
consequences of theories that was previously available only to the 
deeply talented or after much study. Thus, the role of the 
controllable world is extended from that of the ordinary laboratory 
to that of a tool for building insight and intuition, the basis and 
inspiration for later formal study. In such a world, the learner can 
be in complete control, changing variables and studying, with the 
guidance of the program or auxiliary materials, situations which lead 
to much secure later knowledge." 

4.3 Teaching 

The guidance mentionned above is the most difficult part of the 
preparation of any kind of teaching material. Transmitting knowledge is 
without doubt one of the most challenging tasks for the human mind, often 
blurred by the use of traditional means like lecturing or using books. 
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Given the tools to engage in a person to person dialog with the 
students, to test their understanding with pertinent questions, provide 
remedial material if they stumble, we can hope to achieve the best. 

There is a difficulty, however, in the fact that the dialog is 
conducted by proxy. Using his own computer, the student may well be 
encouraged to play a more active role, but the designers must be prepared 
to face any situation thus created with meaningful responses. 

4.4 Student evaluation and progress monitoring 

The system can be arranged in such a way that it "grades" the 
student. One possibility is to program a succession of locks that will 
prevent access to a unit if the previous one has not been successfully 
completed. The grade will then be determined by the number of units 
achieved during the whole course. 

More sophisticated schemes require storing information on the floppy 
disk or sending it through a network. One can record the number of tries 
until a unit is completed or the different paths followed by the 
student. The latter is needed in case one wants to offer a restart 
facility after a session has been interrupted. A simple scheme is to 
record all keystrokes made by the user. In addition, off line evaluation 
of "qualitative" answers could be attempted. In tuning up a unit, 
courseware designers could use such feedback. 

5. PRODUCTION AND DISSEMINATION 

Given the tools described above on a good personal computer, some 
teachers would feel confident that they can develop some units useful for 
the classes they teach. Although it usually works because the teachers 
are highly motivated to display their new skill, it turns out that others 
are reluctant to use the same material and would rather start all over 
again a project of their own. Cooperatives have been set up to promote 
the exchange of good material but their success has been so far limited 
by hardware incompatibilities and a lack of publicity. 

The analogy with books is often made. When a new book comes out, it 
is reviewed, advertised and eventually bought by many people. But no 
special equipment is needed to read a book. Personal computers are not 
yet as familiar to our environment as books are but this will probably 
change in the next few years. New channels will then be found to 
distribute popular units to a large public. 
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6. QUALITY, INVESTMENTS AND RENTABILITY 

If the world of video games is any indication - the coin operated 
PACMAN swallowed one billion dollars in 1981 - an enormous potential 
market will attract business venture capital. At present, a few companies 
are making initial efforts to find, adapt and market good pedagogical 
material. They are mostly publishers trying to move into a field which 
may threaten their traditional grounds. They are used to high 
standards,but so far in this new area would be satisfied with limited 
successes. 

Others may be tempted to set up their own teams and judge the quality 
of the material produced on commercial success alone. Indeed, production 
and dissemination of pedagogical material are costly activities which 
have often been supported by public funding up until now. There is a real 
danger that our children be submitted to less than optimal lessons on 
their own personal computer, that they like it and that they refuse to 
absorb anything else. 

7. COMPUTER BASED LEARNING AT CERN ? 

Although CERN is not directly concerned by the problems mentionned 
above, there is another aspect to self teaching that I would like to 
underline in my conclusion. It has to do with the use of complex 
machinery. In large experiments such as those planned for LEP, a moderate 
investment in parallel to the CAD/CAM systems could be used to produce 
self-teaching material for different classes of people who have to deal 
with different aspects of the system : accelerator, electronics, vacuum, 
safety ... Even senior staff members may be grateful for a chance to 
review subjects they dare not ask questions about for fear of losing 
face. Quizzes could be imposed to any person intending to perform 
delicate operations. One can dream ... 
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