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CHAPTER ONE

Computers and education

In this book, we’ll be looking at a number of ideas for using
the ZX Spectrum in education. Whether you are a teacher
interested in using the computer to teach about computers
and computer programming, or whether you wish to use the
machine to assist with the teaching of another subject, you’ll
find material which should be of interest and benefit to you.

Perhaps you’re a parent, and you bought your child a
Spectrum in the hope that he or she would use it to help with
their school work. You may, however, have been somewhat
dismayed to find that the computer’s main application seems
to be to demolish ‘aliens’. If this is the case, you’ll find
information in this volume to ensure that — at least some of
the time — the Spectrum is used for the reason you bought it.
Although I will be addressing teachers from this point on,
much of what I say will apply to your situation. Please read
the material with this in mind, adapting it to your own
needs.

Microcomputers are now widespread within the education
system. A wide variety of machines have prevented, to some
extent, the creation of a universal library of programs (often
called ‘software’). The material in this book will go some of
the way towards rectifying that lack for the Spectrum. Many
programs included in this book are for educational use of the
Spectrum. They are here mainly to give information on how
such programs can be written and to give sample programs
which can be tailored to your needs.

The demands of specific subjects are clearly defined. It is
unrealistic to expect that a program written for one subject
will apply to another one, or that a program created to assist
students at "a particular level in one subject will be of
anything other than limited use for students working on the
same subject at a different level. Nevertheless, if you use
this book as a guideline, as a source of ideas, you'll find it
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Computers and education

should save you a lot of time when preparing material for
your own students or children.

It is a somewhat disturbing fact — but one which must be
faced from the outset — that many of the children you’ll be
dealing with know far more about computers and computer
programming than you. Being brought up with the micro has
already produced a generation of whom many do not feel
even vaguely threatened by the computer. The exotic jargon
— bits, bytes, RAM and ROM - is a sea in which many young
people appear to swim without undue problems.

There are more ‘micros per head’ in Britain than in any
other country. Thanks to government programs which have
promoted the acquistion of computers, and the range of
locally-built, cheap microcomputers which is available, the
penetration of computers into schools is approaching the
point where there is at least one computer which the
students can use, in each school. But this abundance of
machines has brought its own problems. The number of
teachers who can make effective use of this exciting resource
is limited. It is this problem I seek to address in this volume.

I've included a section designed to teach the rudiments of
programming in BASIC (the language the computer uses, an
acronym for Beginners All-purpose Symbolic Instruction
Code, developed at Dartmouth College in America in 1974).
After you’ve taught yourself to program with this section,
you’ll probably use this as a framework for teaching BASIC
within the classroom.

This book must make certain assumptions about teaching
and your methods of teaching. If you do not agree with all I
say, it is possible to adapt the material to your own needs. I
am addressing a wide audience with this volume, and it is
inevitable that some sections will be more relevant to your
needs than others.

You will probably also disagree quite strongly with some
of my assertions and assumptions. By all means discard
anything which seems incorrect to you, inappropriate for
your teaching methods, or inapplicable in your school
environment. As I said a little earlier, look on the book as a
source of ideas. No one can really say ‘This is the only way to
use the Spectrum in your teaching situation’. Please do not
assume that I am suggesting this, although from time to time
the book may appear, in fact, to be advocating such an
inflexible position. Rather than spend the entire volume
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Computers and education

qualifying every suggestion with ‘if it seems appropriate to
you’, ‘if it fits into your philosophy of education’ or ‘if it
appears valuable for your needs at the moment’, I will
assume that you will reject what you don’t want.

There is a wide range of materials in this book. Not all of
it will be directly applicable to your needs, though I hope all
of it will be of interest. Most of it should help you work out
ideas to use the Spectrum for your own needs. Use the book
however you like. The sequence of material presented here
is only one of many possibilities. Dip into the book at
whichever point seems relevant to your needs.

Note that there is a glossary of terms at the back of the
book. After all, whole dictionaries of computers have been
published. I’ve tried to select the most common computer
terms, but this is by no means exhaustive. You'll find that
any technical term whose meaning is not clear from the
context in which it appears, will be further explained in the
glossary.

There are many ways you can use the Spectrum in
education. In this section, I’ll discuss just a few of them. This
list is by no means exhaustive, and it should start you
thinking about other ways you can use the computer for your
own needs.

The Spectrum can be used to help teach a subject by
arranging the facts in a way which is interesting, clear and —
possibly — interactive. That is, a program which displayed,
for example, the table of the elements could be set up in
such a way that colour was used to highlight the 12 which do
not occur naturally (possibly with FLASH used to indicate
unstable ones), or the program could be written so that a
group with particular properties could be easily isolated.
When you start thinking about this simple example, you can
probably see that any body of material which can be
presented in tabular form can be presented in a way which is
interesting, and invites interaction from students. There is
no way a simple printed table in a book can involve students
in the same way that a well-presented computer-generated
table can do.

There are a large number of programs which are generally
classed as ‘spread-sheet calculators’ which invite users to
handle data in a ‘what if environment. These programs
allow the user to enter information on such things as costs
and sales, to produce a balance sheet, and then enter such
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questions as ‘What would happen if we doubled output?’,
‘What would happen if sales rose 3Y2% per month for the
next three months?’, or ‘What will happen to our
profitability picture over the next financial year if we lose
the Jones contract?’. The program then takes over, changing
all figures affected by the hypothesis you have advanced.
There are ways in which this process can be used to enrich
the experience of students working with material in tabular
form as outlined in the previous paragraph. For example, a
simulation program could allow students to mix chemicals in
varying proportions — even to the point of explosion.

The Spectrum can be used in mathematics, and several
applications in that area are outlined in detail in this book.
Although the computer can be used, more or less, just as an
electronic calculator, using it in this way rather misses the
point (and certainly makes minimal use of the machine’s
potential). As you’ll see in the section on maths, there are a
great many ways of using the computer effectively in this
area.

I mentioned using the computer to produce tables of
information which encouraged interaction with students.
There are many things, in addition to tables, which can be
presented by the computer to encourage student
involvement, such as maps for geography and pie- and
bar-charts for a variety of subjects. Some areas of
knowledge, such as the ideas of Malthus regarding the
interaction between available resources and population
growth, could be modelled extremely effectively on the
computer. In subject areas like this, it is hard to imagine a
more effective way of getting the message across than by
computer simulation.

Returning to the subject of maps, there is much that can
be done again using on-screen modelling, to make ideas
come alive. Animated maps, for example, could show such
things as the effects of land height on rain distribution and
the way the population of an area changed during the
Industrial Revolution. A number of complete pictures can
be stored in the Spectrum as strings, and these can be
printed one at a time over each other.

One of the most common uses of the Spectrum in
education is to present multiple choice questions. A multiple
choice quiz framework which you can use to create tests for
any subject of your choice is introduced a little later in the
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book. We'll also be looking at a simpler program which does
not give a series of choices, but simply looks for a correct
answer.

The fact that the majority of computers in use in homes
appear to be used at least part of the time for game-playing,
shows the immense fascination game-playing with
computers can exercise. Rather than decry this, it seems
better to me to capitalise on this fascination, and ensure,
whenever possible, that some aspects of computer game-
playing (such as dramatic rewards for achieving a certain
score) are incorporated into ‘straight’ programs.

Carrying this idea further, I've included a chapter of
‘brain-stretching games’ which, while they do not teach a
specific subject, may well assist in the development of
number and reading skills. From this chapter, you can see
how many computer games can be modified to include
sufficient educational ‘return’ to make them worth including
in your school’s computer activities. At the very least,
having such material on tap can be useful in maintaining
interest in the computer, and act as a break from straight
learning activities. Such programs are also useful
icebreakers for starting students off with computers.

13



CHAPTER TWO

Basic ideas: What is a computer?
How do computers work?

Although it is no more necesssary to know how computers
work in order to make use of them, than you need to
understand the complexities of the internal combustion
engine to drive a car, it is inevitable that you’ll one day be
asked ‘How does a computer think?’ or some such question.
It is useful, anyway, to have at least some understanding of
this.

The American National Standards Institute (ANSI) has
defined a computer as a ‘device capable of performing
systematic sequences of operation upon data, including
numerous arithmetic and logic procedures, without
intervention by a human operator during the run’. This is
not a definition which produces illumination easily. Let’s
take it section by section.

The first important phrase is ‘systematic sequences of
operation upon data’. The Spectrum is not like a radio. You
cannot just plug it in and expect that it will do very much. If
you connect your Spectrum to a television, and tune it in
correctly, the computer will at least put an identifying
message on the screen. But that’s about it. Unless you
program the machine to do something else, it will just sit
there.

A computer needs a program in it before it can do
anything. This book contains many programs, and a host of
others are available in magazines. You can also buy
programs on cassette tapes, or on microdrives, which only
need to be loaded into the Spectrum in order to run.

As youw’ll learn shortly in the ‘programming primer’ part of
‘this book, each statement (or line) within a computer
program starts with a line number. The computer, unless
told to do otherwise, works through a program line by line,
in line number order. In other words, it carries out the
instructions of each statement in a ‘systematic sequence’.
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‘Data’ in the ANSI definition, refers to any information - be
it numbers, symbols or characters, or a combination of these
— which the computer can process.

That covers the first part of the definition. The ‘numerous
arithmetic and logic procedures’ which the computer can
perform are fairly easy to understand. The adjective
‘arithmetic’ covers all the standard number manipulations —
such as adding, subtracting, raising to a power, determining
the square root, etc. — while the ‘logic procedures’ which the
computer can perform include comparisons (of size, length
or some other characteristic, such as position within a series)
and the group of activities governed by the laws of ‘Boolean
algebra’ which can make decisions based on AND and OR
(if this is true AND this is true, then do this . . . or if A is
true and B is not true OR C is true, then carry out sequence
D). The numerical manipulations, and the decision-making
based on AND/OR conclusions, governs all the activities of
the computer.

The final part of the ANSI definition, ‘without
intervention by a human operator during the run’, is crucial.
A computer is not the same as an electronic calculator. A
calculator demands a series of responses to prompts, while it
is operating. A computer can draw the material it needs
from other places (such as from a cassette, from a disk, or
from elsewhere within the program).

The Spectrum follows the instructions you give it, carrying
out precisely the task you’ve ordained for it. Give it a
program to generate multiple choice questions, and the
Spectrum will do so (assuming the program has been
correctly written). Unless you have programmed it to so do,
halfway through the run the Spectrum will not start playing

*George Boole, an English logician and mathematician (1815
1864) was the first man to formulate laws which placed logical
decisions within a mathematical framework. ‘Boolean algebra’,
which he developed, allowed operations (such as the AND and
OR we mentioned, along with the rules governing the conclusions
of such comparisons — IF this THEN do this) to be carried out in
accord with strict mathematical laws. Prior to the development of
Boole’s ideas, it had been assumed that logic was a branch of
philosophy. With his books Mathematical Analysis of Logic (1847)
and Investigation of the Laws of Thought (1854), Boole showed
clearly that logic was a branch of mathematics.
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an Irish folk song, or fill the screen with a wave of invaders
hell-bent on the destruction of earth. The Spectrum will
carry out your instructions methodically. Any apparent
errors in judgement it makes will be yours.

There is no need, however, to be intimidated by this.
Thanks to the unambiguous nature of the Spectrum’s
BASIC language, it is extremely easy to tell the machine to
do exactly what you want it to do. As you’ll see in the
programming primer section, much of BASIC is very close
to English. The programming word PRINT, for example,
means just that. It tells the computer to PRINT something
on the television screen. Other words you’ll meet which are
exactly (or very close to) what they mean in ordinary
English, are AND, OR and IF.

There are five basic parts of every computer, as you can
see in this diagram.

ALU

by

INPUT E— CONTROL —_— OUTPUT

b

MEMORY

Each computer must have a way of getting information into
it from the outside world. This is indicated by the section
marked INPUT on the left-hand side of the diagram. The
input, in the case of the Spectrum, is usually the keyboard,
although devices are available which allow some limited
information to be fed into the machine via a microphone. In
addition you can call up some information from an external
memory device (the cassette recorder, or a microdrive).

. The information which has been entered via the INPUT
section then goes to the three thinking parts of the machine.
One, which we’ve called CONTROL, acts as a traffic
policeman and timekeeper on the whole system, making
sure that the activities of the computer occur in the correct
sequence and at the right time. The ALU (arithmetic and
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logical unit) makes the decisions and does the sums, and the
MEMORY (which we’ll look at in a little more detail in a
moment) holds not only the intermediate results of whatever
the computer happens to be working on at the time, but also
contains the information the computer needs in order to be
able to do such things as add numbers together, and to make
decisions.

Finally, once the computer has reached a conclusion, it is
sent to the outside world (that is, to you) via the section
we’ve called OUTPUT. The output is either to the television
screen, the printer, or the microdrive (or to any combination
of these).

Although our diagram suggests that all the parts of the
computer are distinct, it is not — as you probably realise — as
clear-cut as that. In the case of the Spectrum, a custom-
made chip combines the majority of the activities covered by
the headings CONTROL, ALU and MEMORY. However,
it is convenient to think of the parts of the computer in
separate sections defined by their activities.

I said we’d look at memory in a little more detail. And
here we come up against the first ‘frightening’ bit of jargon.
The acronyms ROM and RAM are scattered throughout
computer books and magazines. Despite the fact that they
are words which do not appear outside the world of
computing, they embody concepts which are not too difficult
to grasp.

There are two types of memory in a computer (although
these may be stored in different ways). The first type is
ROM, which stands for 'Read-Only’ Memory. Although the
Spectrum needs a program in order to tell it what to do, it
contains a great deal of knowledge when you buy it. Locked
into a chip inside the case is the information the Spectrum
needs to be able to run the television screen, to understand
what you are typing in on the keyboard, to add numbers
together, to compare different quantities and so on. You
cannot change this information. It is etched indelibly into
the chip. You can only read this information when you need
to. Therefore, the memory which holds the basic intelligence
and raw working information of the Spectrum is called
Read-Only Memory (ROM).

In contrast to this, the computer needs a less permanent
area of memory to store the program you have currently
entered, and to store the intermediate results of its

17



Basic ideas

calculations. You can jump about within this memory at
random, moving to the start of it if you like, or to anywhere
within it. Because of this random access feature, the
impermanent memory is called Random Access Memory
(RAM).

The only things you need to remember in order to use the
terms ROM and RAM accurately is that ROM is fixed
memory that tells the Spectrum how to do things like add
numbers together, and RAM is the impermanent (computer
people often say ‘volatile’) memory which holds the current
program, and the results of processing. You can’t alter
ROM, but you can, and do, modify RAM.

18



CHAPTER THREE

Programming the Spectrum in BASIC

In this section of the book, we’ll be looking at computer
programming on the Spectrum in BASIC. The material here
is intended for your own use, so that you can learn to
program. Once you’ve done this (and you’ll be pleased to
discover it is a surprisingly easy task), you can use the
information here as the basis for teaching your own students
to program.

You will find, however, that you’ll have to expand this
material to some extent. Whole books have been written on
how to program the Spectrum, and we can hardly hope — in
just part of one book — to cover the ground in the same
depth as some other books.

The Keyboard

The first thing you need to learn, unfortunately, is your own
way around the keyboard. I say unfortunately because the
keyboard can seem bewildering and intimidating to first-
time users. However, as it would be impossible (obviously)
to program without having some degree of mastery of the
keyboard, it is here that we must start. (By the way, I'll
assume from now on that you have a Spectrum turned on as
you read, and that you’ll enter the material I describe as you
come to it.)

Once you’ve got the computer plugged in, following the
instructions in the manual, and your TV switched on, you’ll
see the copyright message at the bottom of the screen. Now
press the ENTER key. The message will disappear, and a
flashing ‘K’ will appear. This is the cursor. The cursor will
follow you along a line as you type it, will indicate errors in
program lines, and the actual letter it is made up from (such
as the K in this case), tells you which mode the computer is
in. As you can see, it does quite a bit.
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Programming the Spectrum in BASIC

The three most important keys on the computer are those
marked CAPS SHIFT, SYMBOL SHIFT and ENTER. Find
them now. The ENTER key is used after you enter any
instruction, program line or response to a question from the
machine. It tells the Spectrum to act on whatever you have
just typed in.

CAPS SHIFT works just like the shift key on a typewriter.
Normally the computer works in lower case letters.
However, when you hold down shift, the letters come out in
upper case. Hold down the CAPS SHIFT and then press the
CAPS LOCK key (the key marked with the number 2) and
all letters from then on will be in upper case.

If you look closely at the keys, you’ll see most of them
have a word or symbol (such as ?, * or +) in red on them.
You get these by holding down the SYMBOL SHIFT key
(whose legend is also in red) and then pressing down the
relevant key.

You ‘clean the computer out’ at any time by pressing the
A key, which has the word NEW written on it in white.
NEW is a drastic command. There is no way to get back any
program material which was in the computer after NEW has
been pressed, so regard the A key with a little awe. Press the
A key now, so that the NEW appears on the screen, and
then press ENTER. The screen will go black, and then clear
to show the copyright notice again.

Now that the computer memory is empty, we can start our
exploration of the keyboard in earnest. Many of the keys
have words written on them in white. These are called
key-words. One of the great features of the Spectrum is its
‘one-touch key-word entry system’. This means that, instead
of typing in a computer programming word such as PRINT
letter by letter as you need to do with most other makes of
computer, you just touch the P key (which has the word
PRINT written in white on it) and the word PRINT appears
at the bottom of the screen.

You’ll recall that the cursor was a flashing K. The K
stands for key-word. Whenever you press a key which has a
key-word written on it in white, and the cursor is a K, you’ll
automatically get the key-word appearing on the screen.

However, once the key-word has appeared, as you can
verify if you look closely, the K cursor changes into an ‘L.
This stands for letzer. Press one of the alphabet keys now,
and you’ll see the relevant letter appearing. The Spectrum

20



Programming the Spectrum in BASIC

works more or less like a typewriter when in the ’letter
mode’.

This is the time to try out the CAPS SHIFT and CAPS
LOCK keys, to change the lower case letters appearing on
the screen into upper case ones. (You'll see that once you do
this, the L cursor will change into a ‘C’ to remind you that
CAPS LOCK has been engaged.)

The bottom of the screen may now be getting pretty
crowded with the letters and so on you’ve been typing. Pull
the power plug out, wait a few seconds, and then replace it.

So far, we’ve looked at the key-word and the letter
modes. You know, now, how to get all the things which
appear actually on the keys: key-words, letters and the
material printed in red (which, as you’ll recall, you get by
holding down the SYMBOL SHIFT key and pressing the
relevant key at the same time.

However, there is more to the keyboard than the material
we’ve discussed so far. You can see there are words in green
above the keys, and words in red below them. You get the
words above the keys by pressing down both shift keys at
once (the CAPS SHIFT and the SYMBOL SHIFT) then
letting them go. Do this now, and then have a look at the
cursor. It has changed into an ‘E’. This stands for ‘extended
mode’. In this mode, the computer accepts the functions
which appear above the keys. Press, for example, the T key,
and you’ll get RND (which is the function for random
numbers). The cursor will immediately change back into an
L after a function has been selected.

Underneath the keys are legends in red. You get these by
pressing both shift keys at the same time as when going into
extended mode. However, while you release the left-hand
one (CAPS SHIFT) you do not release the right-hand one
(SYMBOL SHIFT). Still holding down SYMBOL SHIFT,
press any key with a word or symbol underneath it, and the
relevant word will appear. Pressing the Z key, for example,
while in the extended mode and holding down the SYMBOL
SHIFT will get you the word BEEP.

We have just about covered our tour of the keyboard, and
its modes and cursors. There is one more we need to know
about, the graphics mode. Hold down the CAPS SHIFT
key, and then press the 9 key, which has the word
GRAPHICS above it. The cursor will change into a ‘G’.
Now, press any of the keys on the top row of the keyboard,
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and youw’ll see the little patterns printed on the keys appear
on the screen. Hold down CAPS SHIFT and press the same
number keys again, and yowll get the inverse of those
patterns. You get out of the graphics mode by holding down
CAPS SHIFT, and pressing the 9 again.

As I said at the outset, it is unfortunate that this tour of
the keyboard and its cursors needs to be carried out before
you can proceed. However, you’ve now covered most of the
necessary ground. The only one thing you might need to
note is DELETE which is written above the zero key.
DELETE rubs out words working from the end of a word
towards its start. You use it by holding down the CAPS
SHIFT key, then pressing (or holding down, waiting for the
auto-repeat to start) the zero key. I suggest you stop at this
point, and go back and read through the material again.
Once you’re familiar with the keyboard you can continue.

Building Blocks

All BASIC programs are made up from a number of
standard words, the building blocks of a program. These
‘blocks’ include words which are close to English (such as
PRINT, THEN and PAUSE) and which are understood by
the computer to mean more or less what they mean in
English. Other words (like INKEY$, ATTR and
SCREENS) are foreign territory.

The most common word in most programs is the word
PRINT. You use this, as I guess you’d imagine, to put
material on the screen. Try this now. Clear out the computer
by disconnecting the power for a few seconds, or by using
DELETE and NEW.

Press the P key, to get the word PRINT, and then type a
number after it, as follows:

PRINT 7

Now press the ENTER key (remember, you need to press
the ENTER to get the computer to act on the material
you’ve just typed in) and a 7 should appear at the top of the
screen.

To use the Spectrum as a calculator, follow the word
PRINT with a sum, such as the following:

PRINT7 + 4 -1
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(I'll assume from now on youw’ll press ENTER after entering
each line, so I will not keep reminding you to do so.) The
result of the sum, 10, should appear on the top of the screen.

You can make the arithmetic you want the computer to
solve as complex as you like. However, you’ll see that the
keyboard does not have a divide symbol. And, as you can
easily verify for yourself, using the X to indicate
multiplication, will simply confuse the computer. The
asterisk (*) is used to indicate multiplication, so PRINT 7*3
will give 21. The slash (/, on the V key) indicates division.
PRINT 21/7 will give an answer of 3.

The other symbol you’ll need is the little arrow on the H
key (which means raise to the power) so 312 is the
Spectrum’s way of indicating three squared.

Test Program

We’ll start with a simple program which will be able to teach
a great deal. Enter the following program into your
Spectrum, pressing ENTER at the end of each line. If
you’ve entered the line correctly, you’ll see it move to the
top of the screen when you press ENTER. If you’ve made a
mistake, youw’ll find the line will not be accepted by the
computer. The cursor will move to the part of the line where
it thinks the problem exists, which will help you track down
typing errors.

Anyway, type in the following, and then press the R key
(to get the keyword RUN) which tells the Spectrum to
€xecute your program:

i@ REM test program

28 PRINT “Enter a nubbersr™

32 INPUT a

48 PRINT a;" and another™

5@ INPUT b

S8 CLS

?@ PRINT "¥Your numbers were *;
a;" and_";b

ae PRINT

92 PRINT “"Thay add up to ";a+b

When you run this, you’ll see the following on your
screen:

Enter a number
i23

123 and another
88
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Your numbers were 123% and 886
They add up to 211

We will go through this program line by line. It is quite
amazing how much can be learnt from it. Firstly, as you can
see, each line begins with a line number. These line numbers
can be any numbers at all between 1 and 9999. Generally,
the computer will execute the lines in order, from lowest to
highest (although, as you’ll see shortly, this is not an
inflexible rule).

The first line of the program starts with the word REM.
This stands for remark. Any REM line in the program is
ignored by the computer. REMs are included simply to
convey information to someone reading the program. A
REM statement will often be used at the start of a program,
as in this case, to say what the program is meant to do.
REMs are also used within programs to point out what the
following program line, or program section, is doing. REM
statements make it much easier, when you return to a
program after some time, to work out (a) what the program
is supposed to do, and (b) how it does it.

In line 2§, the command PRINT is used to get the words
“Enter a number” on the screen. You’ll see that these words
are enclosed within quote marks. You have to enclose letters
within quote marks if you want the computer to handle them
as words. Any material within quote marks, such as in the
program line, is called a string.

Line 3§ allows you to enter a number of your choice.
INPUT means that the computer waits for the user to enter
something, such as a number as in this case. The letter ‘a’
after the word INPUT is a numeric variable. A numeric
variable is a letter (or any combination of letters and
numbers, so long as it starts with a letter) to which the
computer can assign a number. From then on, the computer
treats the numeric variable as if it was the number. You can
see this, further down the program, where the computer
uses ‘a’ (and ‘b’, whose value is entered in line 5@) in lines 7¢
and 9§ to print out firstly the numbers you’ve entered, and
then to work out the value of their sum.

The word CLS in line 6f) means ‘clear the screen’. You
probably noticed that the screen cleared after you entered
your second number, before printing up the final two
statements.

24



Programming the Spectrum in BASIC

You can see that there is a great deal we have learned
from this very brief program. Note as well (and this is
important) that you need to use a semi-colon to join the ‘a
outside the quote marks in line 4 to the rest of the material
to be printed.

Spectrum Number

Get rid of that program from your computer by using NEW,
then enter the following one.

There are a number of new elements in this program
which could be tricky to enter, so I suggest you start typing
the program in, and if you have any problems, read the
notes referring to that line.

1& REM Spectrum pumnber

28 LET a=INT RNLxER) 31

38 LET guess=@

48 INPUT “"What s your firstin
ameT “;b§

S PRINTY "Helio, “;b%

&880 PRINT "I am thainking of a
auaher™

78 PRINT “"betuween one and 58 w
hich you™

2@ PRINT “"have to try and gues
E.Il

S0 LET guess = gueszs + 1
biaa PRINT TR This is guess num
e “,gu

11i& INPUT “"Entesr your guess “; ¢
3i2 CLS

11S PRINT “Yousr guess, “;b¥; ",
was v

12@ IF c=a THEMN PRINT “Well don
2, You got it righit!”: PRINT "It
oDk you “;guess; " guesses™: 8§

130 IF cra THEN PRINT “That num
hber is ton high

14® IF c<a TFTHEN PRINTY “"That num
ber is too low™

ise@ GO TOa a9

This is what it looks like when it is running:
What is your first name? #Tim
Hello, Tim
I am thinking of a number

between one and 5§ which you
have to try and guess.

This is guess number 4
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Enter your guess, #7

Your guess, Tim, was 7
That number is too low

This is guess number 5
Enter your guess, #9

Your guess, Tim, was 9
That number is too high

This is guess number 6
Enter your guess, #8

Your guess, Tim, was 8
Well done, you got it right!
It took you 6 guesses

1§ — This REM statement is much the same as the first
line in the first program.

2() — This line uses the word LET (the key-word on the L
key) to assign a value to the variable ‘a’. You’ll see that after
the equals sign in this line, the word INT (which reduces a
number with a fractional part to the next lowest whole
number). You get INT from the R key, pressing both shift
keys down first, then releasing them, then pressing the R
key. The open and close brackets come from the 8 and 9
keys respectively, and you get these by holding down the
SYMBOL SHIFT KEY then pressing the keys required.
The asterisk (multiplication sign) is on the B key. Again the
SYMBOL SHIFT is needed to get this. This line uses the
random number facility of the Spectrum to generate a whole
number between one and 5(. Use a statement in the same
form as this line whenever you need a random number. The
number within the brackets is the highest one in the range
you want.

3¢ — This gives a variable called ‘guess’ a starting value of
zero. Remember, a numeric variable can be a combination
of letters and/or numbers, so long as it starts with a letter.

40 — This INPUT statement is somewhat different from
the first one we looked at. As you can see, there is a
statement within quote marks before we get to the ‘b$’ at the
end. When you run the program, the words in quote marks
after an INPUT line appear at the bottom of the screen. The
input prompt, as it is known, is a very useful feature, and
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allows you to tell the user exactly what information the
computer is expecting. At the end of that line is a variable
followed by a dollar sign (‘b$’). This represents a string
variable (as opposed to numeric variables, which we have
been using to date). A string variable can be any letter of the
alphabet, followed by a dollar sign. When you enter your
name, in response to the input prompt, it is assigned to ‘b$’.

5@ — This is a fairly standard PRINT line, which prints up
“Hello,” then follow this with your name.

6@ — This is a standard PRINT statement . . .

70 —. . . asis this. . .

80 — . . . and this.

9@ — The value of the numeric variable ‘guess’ is increased
by one. It is good practice to use explicit names for
variables, such as this use of ‘guess’. Although it is fairly
easy to keep track of what each variable in a program
represents when the program is short, you’ll find it becomes
increasingly difficult to do so when your programs get
longer. In such cases, you’ll see how valuable explicit
variable names can be. (For example, in the very long chess
program in my book Dynamic Games for the ZX Spectrum
Sinclair Browne, 1983) the variable P stands for the white
pawn, K for the white king, and so on, with PB for the black
pawn, and KB for the black king. This was of great help
when the program was being written, and makes it simpler
for others to follow through.)

100 — This looks like a standard PRINT statement, except
for the three apostrophes (*”*) at the start of the line. (The
apostrophe is on the 7 key.) When the Spectrum comes
across an apostrophe at the start of a PRINT statement like
this one, it moves one line down the screen. So, the three
apostrophes here move the PRINT position down three
lines, as you’ll see when you run the program.

110 — This uses another INPUT prompt, this time ending
with the variable ‘c’, to accept your guess.

112 — CLS clears the screen after you’ve pressed ENTER
following entering your guess.

115 - This line is printed, to remind you of your guess.
Note that it uses both your name (‘b$’) and your guess (‘C’),
linking them to the other material to be PRINTed with
semi-colons.

120, 139, 140 — I'll consider these three lines together as
they perform similar (very important) functions. Note that
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they all start with the word IF. When the computer comes
across an IF statement, it looks at the condition which
follows the word IF and if it is true THEN carries out the
instruction which follows the word THEN. IF and THEN
always appear together in the same line. IF the weather is
cold THEN turn on the heater, IF the television is broken
THEN call a repairman, and so on. Line 12} compares your
guess (‘c’) with the computer’s number (‘a’) and IF it finds
they are equal, THEN goes on to the rest of the line. You’ll
see that line 12§ contains three complete program
statements. You can put more than one statement in a single
line number, if you put colons between them. The first part
of line 1203, after checking that the numbers are the same,
prints up the congratulation message, and the second
PRINT statement tells you how many guesses it took.
Finally, the program stops at the STOP statement. Note that
if the condition being tested by IF is found to be false, then
none of the other statements following THEN on that line
number will be executed. Instead, the program will
immediately go to the next line. You’ll see that lines 13¢) and
144 test to see how the computer’s number compares with
your guess, and print appropriate messages. The THEN is
on the G key.

15¢ — You’ll recall I pointed out a little earlier in this
section that a computer generally follows through a program
line by line. Two of the commands which can redirect its
action are GO TO and GO SUB. We’ll be looking at GO
SUB a little later. GO TO (it is two words, but is considered
as a single word, and comes as a single key-word, from the G
key), as you have probably guessed, simply redirects the
program back to line 9%, where the whole cycle begins again.

Enter the program, and run it several times, then return
and reread these notes. Make sure you understand the
material they contain before continuing.

I realise that the material in this section may seem heavy
going. After all, we are covering — in just a few pages —
topics that other books spend several chapters explaining.
However, if you take it slowly, it should all make sense.

You’ll find this is an ideal program to use as an ice breaker
for students who have not had previous experience with a
computer. It uses a student’s name (which never fails to
impress a first-time computer user), and is sufficiently easy
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to play to ensure that any student can ‘win’ it in a short time,
thus ensuring the first contact with the computer is an
enjoyable one.

Save the program on cassette once you’re sure you
understand how it works (full instructions on the use of the
SAVE and VERIFY commands are given in your manual).
We’ll be coming back to this program in due course when we
learn about colour, so you’ll need it on hand. I suggest you
save each program three times on a single side of a C-12
cassette, and put nothing else at all on that side of the
cassette. Although I realise you can save a bit on cassettes by
putting a number of programs on a C-60 or C-90 cassette,
the ‘frustration cost’ of trying to locate the program you
want is so great it is not worth the trouble. If one copy of
your program fails to LOAD, all you need to do is try to
load the next one. Also, if one copy of the program is
accidentally wiped, or the tape is damaged, you have backup
copies.

High Roll

We’ll be covering a lot of ground in our next program as
well. In this program — HIGH ROLL - you and the
computer take it in turns to roll a pair of dice. The player
with the highest total wins that round. (By the way, I believe
that game-playing, and game-writing, is the easiest and most
pleasant way to learn computer programming. That is why
the programs at the early part of this section on how to
program, are all games.)

In this program, we’ll be covering the following important
additions to your BASIC vocabulary:

- PAUSE

- BRIGHT

— The use of subroutines (with GO SUB and RETURN
commands)

'— FOR/NEXT loops

- BEEP

Here’s what it looks like when you get it up and running:
Press any key to rolt the dice

Bie one fell &
Pie twD fatit 4
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[0 your sgore is 1&
Stand by for wmy rotll
Here we 90 ...

Die one fell &
Dis two fFelb 2
s
e

38
winner!

S0 mYy score i
Aand you-“‘re th

Enter the program, run it a few times, then return to the
book so we can go through it, line by line.

12 REM High R
22 PR Rg-.Bouy
the dfﬁln Press any kxeu to roy
28 PRUSE @
1@ B30 SUR 1pE5
38 ERLnpURRLsesE
"SS5 your - .
hUBSH Y Score is ;
88 PALISE S@
18@ PRINT BRIGHT 1;: ""Stand by ¥
of Wy _robi"
11@ PRUSE 5O
120 PRINT ""Herg we QO0.«ass’
138 PRUSE S8: GO SUEBE 1288
14@ LET computer=a+b
1S@ PRINT "Se my sScore is “;COn
putler
16@ IF computitsr=shumnan THEN FPRIN
T “and it"s & drawpt™
A7@ IF computer>human THEN PRIN
T “and I*m the winnesr!™
ig@ IF computer<human THEN PRIN
T “and You're the wsinner:!™
198 PRUSE 388
222 RUN )
1008 KREM This is subkroutine
181@ LET a=INT ({(RNDxB)Y +1
182@ LET b=INT (RND=xBE}+1
1233 FOR g9=1 TO 36
1832 BEEP .83.9: BEEP .83,5R-g
1236 NEXT g
1828 PRINT ““Dia oane f=2tl ;a3
1d4S PRUSE Se
1D5® PRINT “Dia twe f2il ;b
1855 PAUSE 5@
1868 PRINT
187@ RETURN

o

1§ — This REM statement simply identifies the program

20— This is a standard PRINT statement such as we’ve
encountered before

3) — The PAUSE command (on the M key) holds the
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display for a length of time related to the number which
follows PAUSE. If PAUSE is followed by 5@, (as in PAUSE
5@), or 60 in the USA, the computer will stop execution for
one second. Touching any key during PAUSE terminates it.
PAUSE } will wait for ever so the effect of this line is to hold
program execution until you obey the instructions in line 20
to “Press any key to roll the dice”.

40 — When the computer comes to a GO SUB (for GO to
SUBroutine) command, it goes to the line which follows the
words GO SUB (like GO TO, although they are a pair of
words, they always appear together and are treated as a
single word; it is on the H key). So far, it has behaved in a
similar way to a GO TO command. However, the difference
occurs when the computer comes to the word RETURN in
the subroutine. In this program, the subroutine starts at line
14¢@. The Spectrum goes to line 1¢#j), and then follows
through each line in order from that point. When it gets to
line 1076 it comes to the word RETURN mentioned above.
At this point, the program returns to the line after the one
which sent it to the subroutine. In this case, it returns to line
70 (the first line which appears after the 4@, which sent it to
the subroutine). Subroutines are used when there is a
segment of the program which we wish to use in different
parts of the overall program. Rather than include the whole
thing each time it is needed, we can use a subroutine. You’ll
see from the program printout that the computer rolls two
dice for you and then two for itself. The dice-rolling all takes
place within the subroutine so the part of the program which
actually ‘rolls the dice’ can be used twice.

70 — This is the line after the GO SUB call, so this is the
line to which the computer returns. Within the subroutine
(see lines 1¢1¢ and 1¢2¢)) numbers chosen at random
between 1 and 6 are assigned to the variables ‘a’ and ‘b’. On
returning from the subroutine, these are added together and
a variable called ‘human’ is set equal to their total.

80 — This prints up your score.

9% — The PAUSE command makes the program wait for
one second.

14 — A message is printed up, using BRIGHT. You’'ll
find BRIGHT at the very bottom of the keyboard,
underneath the B key. There are several ways to modify
print output on the screen, including the use of INVERSE
(which prints white letters on a black background) and
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FLASH which turns the printout from black on white to
white on black over and over again. Here, as you’ll see when
you run the program, BRIGHT has brightened the little
strip of screen upon which the words *‘Stand by for my go”
are printed. If a word like BRIGHT is followed by a 1 (as in
BRIGHT 1), it means ‘turn that command on’. If it is
followed by a § (BRIGHT §) it turns that command off.
BRIGHT and its companion words, as will be made clear in
the next program, can be used ‘globally’ or ‘locally’. If
BRIGHT 1 appears in a program line all by itself, then it
alters all print output for the rest of the program. In this
case, it is said to be acting globally. If, as in this program, the
BRIGHT appears as part of a PRINT statement, it only
affects the output of that particular line. It is, as you can see
in this program, being used locally.

118 — Another wait for one second. Using PAUSE in this
way to pace a program’s output is very effective, especially if
you want to give the impression that the computer is
thinking while trying to solve a puzzle. Often, of course,
PAUSE is used just to make sure people using a program
have time to read it before the message is cleared from the
screen. '

120 — The message “Here we go . . .” is printed on the
screen, with the apostrophe moving the print output down a
line.

13¢ — This is a multi-statement line, with the two
statements being separated, as you can see, by a colon.
After the one second wait, the subroutine is visited, for the
second time during the program’s run.

14{) — After running through the subroutine, the computer
returns to the line after the one which sent it to the
subroutine. In this case, line 14f). Here the variable
computer is set equal to ‘a’ and ‘b’, the numbers generated in
lines 1010 and 1020.

15¢ — The result of the computer’s dice throw is shown on
the screen.

160, 17¢), 180 — These three IF/THEN lines compare the

-values of the two variables, computer and human, and
determine which of you have won the round.

190 — The program waits for six seconds.

200 — A new run is initiated. Note that you can use RUN,
just as you can use just about every other key-word, within a
program.

2
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1@ — This REM statement introduces the subroutine.

110 — The variable *a’ is set equal to a number chosen at
random between 1 and 6.

1(2f) — The same happens to variable ‘b

1(3¢, 132, 136 — These three lines form a FOR/NEXT
loop. Just as GO SUB and RETURN always appear
together, so do FOR and NEXT. A FOR/NEXT loop is
used for repeating the part of the program which lies
between the FOR and the NEXT lines, the number of times
specified by the difference between the two numbers in the
FOR statement. In line 1(3@, which starts the loop, we read:

FOR g =1 TO 30

This ensures that the loop will be cycled through thirty
times. You can see in line 1%36 (*Next g’) the end of the
loop. Note that the letter used in the loop (‘g’, in this case)
must be the same in both the FOR and the NEXT
statements. When the computer executes a FOR/NEXT
loop, the controlling variable (the ‘g’) has a value of 1 the
first time through the loop, 2 the second time through, and
so on. Therefore, when ‘g’ is used to control the output of
the BEEP command in line l¢32, it means that ‘g’ has a
different value each time through the loop, which creates the
rising and falling tones. The BEEP command (the word
BEEP is under the Z key) is always followed by two
numbers. The first controls the duration of the note (with
.007 the shortest practical note) and the second number
controls the pitch of the note (which must be in the range
—60 to 60). The tone varies as it does because ‘g’, the pitch
variable, i1s changing as the loop is cycled through.

1040 — After this musical display, the result of the first die
roll is printed on the screen.

1045 — There is a delay of a second.

150 — The result of the second die roll is printed.

1055 — There is another one second delay.

1(6f) — The computer prints a blank line.

17 — This is the RETURN statement, which terminates
the subroutine and sends the computer back to the line after
the one which called up the subroutine.

i

Additional Commands

Our final program for this section is based on the second
program, SPECTRUM NUMBER. If you have it on
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cassette, you can just LOAD it back into your computer,
and make the adaptations.

In this program we’ll be examining the following new
words:

- FLASH

- INK

- PAPER

- BORDER
- INVERSE

Modify the program so that it looks like the following,
then return to the book for a discussion on the new material:

18 REM Spectrum number

2@ LEYT a=INT {(RMNDa83) +1

3@ LET guess =R

4@ INPUT FLASH 1; INK 2;"What
is your First name? “;bﬁ

5#5 INK 2: PAPER &: BORDER &: ©

§@ ERINT INK 1; PAPER 2;“Helle

ibs
58 PRINT "I am thinking of a3
nuanker™
T@ PRRINT “"bhetween one ahd S »
hich wgou™
aa FRINT "have ta try and gues
8.

-

g9® LET quess = guess + 1
1@3 PRINT THENThIS iS58 QUPRR DUR
her ";gue

il@ INPL”‘ “"Enter youyr gugss I

112 CLS

115 ERINT “Yeousr guess, “: b3V,
#a3s “'; €

120 IF c=a THEM PRINT FLASH 1;"

Well done, you got it rightti: p
RINT FLASH 1; INUERSE 1,"It ook
you *;guess;” guresses’” STOPR

1538 IF c:xa THEN PRINT “That num
ber is too high

14@ IF c<a THEN PRINT “That num
ber is too ltow'

1S4 &80 T 9@

As you can see, this is a much more exciting program than
it was originally. It is amazing what a difference colour can
make to the output of a program. It is worth keeping this in
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mind when creating your own programs.

As you’ve no doubt realised, FLASH and INVERSE
work in a similar way to the BRIGHT we came across in
HIGH ROLL: follow the word with 1 and you turn it on (as
in FLASH 1); follow it with a zero and you turn it off
(INVERSE ).

I mentioned these words could be used locally or globally.
The same is true for the colour commands INK (which
controls the colour in which you are printing), PAPER (the
background on which you are writing) and BORDER (the
frame around the screen). In line 4§, the INK is used locally,
so it only affects the INPUT prompt. In the next line, 45, the
INK is set to red (colour number 2), the PAPER to yellow
(colour 6) and the BORDER also to yellow. The CLS at the
end of the line is needed to make the PAPER colour cover
the whole screen. Without this (as you’ll discover if you
leave the CLS out) the computer will simply put a yellow
strip under whatever it happens to be printing.

You might like to add some sound to the program,
perhaps related to the difference between your number and
the computer’s number.

I'll now look briefly at several of the other words you’ll
use in programming your Spectrum in BASIC. These will
not be treated in as much detail as the earlier ones were.
However, from what you now know, and from what you
should pick up looking at the other programs in this book
(and deducing how the commands work from the context in
which they are used, and the results they produce) you
should have little trouble continuing your self education in
this field.

EDIT - This is used to change the program lines quickly.
Put the line marker [>] next to the line you wish to change,
and then holding down CAPS SHIFT, press the 1 key, so the
line, comes to the bottom of the screen. You can then move
the cursor along the line, using CAPS SHIFT and the
arrowed keys (5 and 8) to get it where you want it, to add
more material (simply by typing it) or remove material with
DELETE.

STEP - This is used in conjunction with FOR/NEXT
when you don’t want to progress through the loop in steps of
one (as happened in the HIGH ROLL program). The step
can be a positive number (or a fraction) or a negative
number if you wish to count down. The form is: FORa =b
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TO ¢ STEP d.

LIST — Gets the listing of a program on the screen,
starting from the lowest line number. You can also enter
LIST n, where the computer will list with line n at the top of
the screen.

TAB — Moves the start of print output across the screen.
It is used in the form: PRINT TAB n;*string”.

PRINT AT - Specifies the starting point on the screen of
PRINT output. It is used as PRINT AT x,y; *string” where x
is one less than the number of lines down the screen, and y is
one less than the number of character spaces across the line
(so PRINT AT @0 is at the top left-hand corner of the
screen).

PLOT - Places a dot in the position on the high resolution
screen designated. The form is PLOT x,y where PLOT §,0
puts a point in the bottom left hand corner of the screen.

INKEY$ — Reads the keyboard for a single character
input, and does not need the ENTER key to be used
afterwards. It is used in the form IF INKEY$ = “N”
THEN .. .or LET A$ = INKEY$:IF A$ = “N”
THEN . . .

DEF FN - For defining functions.

SCREENS — Reports the start of a designated character
cell; the parameters are the same as the PRINT AT ones.

VAL — Converts the contents of a string to its numerical
equivalent so VAL AS$, where A$ equals “12 + 3*4” will
return 24.

STRS - This is the opposite of VAL, turning a number
into a string.

LLIST, LPRINT, COPY ~ These commands control the
printer, with LLIST and LPRINT working the same as LIST
and PRINT, except they address the printer rather than the
TV screen. COPY is used when you want a copy of the
contents of the screen dumped to the printer. COPY was
used to get the ‘sample runs’ of the programs in this book.
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CHAPTER FOUR

String handling and its use in Maths

As you probably know, the BASIC used on the Spectrum is
not the same in all respects to the BASICs used on other
computers. The different ‘dialects’ of BASIC are sufficiently
close to ensure that once you’ve learned to program on one
machine you can turn to another one and program it
reasonably well almost immediately. And after an hour or so
of studying the manual, and working out what the
differences are from your ‘home BASIC’, you’ll be
programming without problems.

Many aspects of the BASIC on your Spectrum (often
called ‘Sinclair BASIC’) are pretty standard (despite the fact
that, paradoxically, there is as yet no such thing as a
recognised standard for BASIC). The codes used for
numerical and alphabetical characters, as well as several
others, are the ordinary ASCII (American Standard Codes
for Information Interchange) codes (in contrast to the ZX80
and ZX81, which used an original Sinclair system). The
majority of the.programming techniques you’ll master on
the Spectrum can be easily transferred to other computers at
your school.

However, there is one part of Sinclair BASIC which is
unique - its string handling. You’ll recall from the previous
chapter that any material held within quote marks — such as
“Hello” - is called a string in computer jargon. Now, as |
said, the string handling on your Spectrum is, so far as
non-Sinclair computers are concerned, unique. Rather than
manipulate the eccentricities of other BASIC’s LEFTS,
MID$ and RIGHTS, Sinclair BASIC reduces nearly all
string handling to use of brackets and the word TO. Once
you understand it (which can take all of three minutes) you’ll
be able to do just about anything you want with strings.

You’ll recall that a string variable is a letter (A to Z) with
a dollar sign suffix (as A$ or a$). The words associated with
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string handling include LEN (as in LEN AS$) which returns
the length of the string (that is, the number of characters,
symbols and spaces it contains) as a number; CODE which
gives the character code of the first element of the string
(PRINT CODE AS$, when A$ = “A” gives 65, as does
PRINT CODE *“A”); and TO, which we will discuss in a
moment.

Other words we will look at in a moment are VAL and
STRS$, but to introduce them at this point would only serve
to confuse you.

CHRS$

CHRS (spoken aloud as ‘char-dollar’ or ‘character string’) is
used to change the CODE (mentioned above) back into a
character. For example, if you typed in (and you can try this
on your Spectrum now) PRINT CHRS$ 65, the computer
would print the letter A. If you then typed in PRINT CODE
“A” you'd get, as we pointed out before, 65.

Enter this next program into your computer, and run it a
number of times until you are sure you understand how
CHRS$ and CODE work:

1@ REM USE OF CHRs AND CODE

2@ INPUT “ENTER NUMBER BETWE
N 1 AND 255 “; A

3@ PRINT ‘“CHRS$ “;A;™ = “;CHRS
R*a INPUT “NOW ENTER A STRING ™

S& PRINT *“"“CODE ““;RA%;"" = “;@

bB gD TO 28
Here is a short run from it:

CHRS% 76 = L

CODE “test” = 116
CHRS$ 1@7 = kK

CODE “"HTES™ = 72
CHRE 99 = ¢

CODE “TIM” = &4
CHRYS 254 = RETURN
CODE “tim”™ = 116
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CHRS 34 =
CODE ~“ffFFFff" = 182

The use of ‘TO’

The most valuable string-manipulation tool you have on the
Spectrum is called ‘slicing’. With this, you can extract any
section of a string that you want, add different parts of the
same string together in any order you like, or add sections of
different strings. And all of this can be done with the simple
word TO.

Study the following, and see if you can work out how TO
works:

LET AS$ = “ABCDEE”

Then, PRINT A$(1) will give A
PRINT A$(1 TO 3) will give ABC
PRINT A$(2 TO 4) will give BCD
PRINT AS$(4) will give D

In other words, a single number after the string in
brackets will return just that element number of the string, as
you can see by looking at A$(1) and A$(5) above. There are
two variations on this. Whereas PRINT A§$(1 TO 5) will
produce ABCDE, as you'd expect, if you want all of the
string from a specific point, you do not have to mention the
final number (5 in this case). In other words, PRINT AS$ (1
TO) will produce exactly the same result as PRINT A$(1 TO
5). Further, if you want all of the string from the beginning to
a specific point, all you need to do is mention the final
number. Therefore, PRINT A$( TO 3) will return ABC.
(The TO, by the way, comes from the F key; it is not typed
in full.)

LEN

The next program will select elements at random from a
string you select. Notice, in line 4, the reference to LEN,
the length of the string. Enter the program, and run it for a
while, putting in any string you like, such as your name:

10 REM STRING HARMNDL ING
2@ INPUT “ENTER B STRING ";R¥®
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5@ PRINT “YOUR STRING IS “:As$

4@ PRINT ““LEN R% = ";LEN R%

58 PRINT ““Agfi(l} = “;RA$ill
"DE? PRINT ““Afi{2 TO } = ";A%(=2
3

.88 LET B=INT {(RND*(LEN A%} +1)
80 LET C=INT (RNDz(LEN A8%)+1)
1080 IF C»=B THEN SO TO 308

118 PRINT "R$i{"; ;" TO ";B; ™) =
“i8s(C TO B)

128 GO TO $56

Here are parts of two runs of the program:

YOUR STRING IS OXFORDxCIRCUS
LEN AF = 18

ASs{1Y = 0

A%i{2 TO ) = KAFORDa3TIRCUS
Afs{2 TOo 3) = XF

Aasi{s TO 1@) = DxCIR

AFi{ll TO 12) = CU

A%(8 TO 12) = CIRCU

A% (2 TO 12) = XFORDsxCIRCU
A%FIS TO 8! = RD=aC

A%(9 TO0 12) = IRCU

A%{l1 TO 6) = OXFORD

A%il TO 8) = OXFORD

asi{? T 11y = xCIRC

As{ld TO 11y = _RC

A%{9 TO 13) = IRCUS

A (2 TOo 12) = XFORD:xCIRCU
{8 TO 11 = RD*CIRC
A%id TO S = OR

YOUR STRING I3 CLIVE#SIMCLAIR
LEN ARE = 14

ARl = C

R$§2 TO } = LIVExSINCLAIR
A%I3 TO 12) = IUVEsxSINCLA
AE{3 TO 8) = IVUEx3I

RE(7 TO 14 = SINCLAIR
A%(9 TO 14) = NCLAIR

AFE TO 91 = 5IM

A%{S TO 14) = E3xXIMCLAIR
A%{z2 TO 43 = L Ix

A3 TO 11) = IUExSINCL
A%(d TO 14) = UVEISINSLRIR
B%i{4 TO 8) = UE=3I

A5i{d TG 7)Y = WEXS

AR{S TO 14 = INCLAIR
RAE(S TO 9) = Ex3IN

AS(l TO 12) = CLIVEsxSINCLA
AE(8 TO 13) = INCLAI
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A string can be chopped up and added to other parts of
the same string, or to parts of other strings. Adding strings is
known as concatenation. (You cannot, by the way, subtract
strings from each other.)

The next program selects parts of a string you enter and
concatenates them. The little section in lines 45, 46 and 47,
gives another example of how easily strings can be manipu-
lated. Here, the string is printed back to front, as you can
see in the sample run which follows the program listing. To
stop this program you will need to press the BREAK key.

18 REM STRING MANIPULATION
Qﬁaa INPUT “ENTER YQUR STRING

S8 PRINT "YOUR STRING IS “,A%

48 LET L=LEN R%

45 FOR G=L TOQ 1 STEFR -1

468 PRINT i3} ,;

47 NEXT &G

5 LET B=INT {(RND=xL)+1

8@ LET C=INT (RNDxL} 31

7@ IF B=C TﬁEM bﬂ TR S@

8@ PRINT '5;

IF B>C THEN PRINT Rl TO G}

+H$(B TO )

12?CI$DB{u THEN PRINT R${ TD B
1ie® GO TO 58

WOUR STRING IS CLIVEZYSINCLAIR
RIRLCMIS< »EVILC

i4 &

CLIR

8 13
CLIVE<>»SIIR

9 1@
CLIVE«>SINCLAIR
37

CLISINCLRIR

i1 9
CLIVE(>SINLAIR

il 4
CLIVLRIR

VAL
Another very useful string-handling word in BASIC is VAL.
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This returns the numerical equivalent of the string. This is
how it works:

LET A$ = 23 + 37
PRINT A$ will give you, as you'd expect, 23 + 3
PRINT VAL AS$ returns 26

You can use VAL to produce a simple calculator on the
Spectrum, which will work out just about anything to tell it
to do:

1@ REM STRINGS AS NUMBERS
DNE?_%I;PUT “"ENTER YDUR CARALCLULATI

SB{FRIN’F TRE:T = TURL RAY

4@ GO To 20

Here’s the program in action:

3IJ3+6-19 = 2@
245-7 = 285
N P-50R 12 = -1.51819185

{(?9-4+2)-C05 3 = §3.939902
(gg sF+SEGN 7)I 134 .7889 = 1.9857502E
+

The opposite of VAL is STR$, which turns a number into
a string. That is, telling the computer to set A$ equal to
STR$ 123 will turn A$ into ““123”.

The whole point of our discussions to date in this chapter
is to lead up to the extraordinary usefulness of string
manipulation for number work. Because parts of strings can
be easily extracted in a way in which parts of numbers
cannot be, and because numbers and strings can be inter-
changed using STRS$ and VAL, we have a powerful tool with
which to handie numbers.

To introduce this, run the following program:

i@ REM NUMBERS R3 3TRING
a 280 INPUT "ENTER YQUR NUMBER ",

25 PRINT “YOQUR NUMBER IS ;R
3@ LET RA$=5STR$ R

- ]
58 LET B=INT {RNDxL3}+1
650 LET C=INT (RNDixlL)+1
T8 IF B>=C THEN &GO TO 5@
8@ PRINT ""RAg ";8;" TO "“;C;")
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AstB TO ©)
QB GO TO 50

As you can tell from this sample run, much of the output is

fairly useless:

YOUR NUMBER IS 12.345

A (2 TO 4) = 2.3
A (2 TDO 8) = 2.348
A% (3 TO 4) = .3

A% (2 TO 85 = 2.34
R% (3 TO 4) = .3

RE (8 TO &) = 48

A% (1 TO 2y = 12

Af {1 TO Bl = 12.34
AR (1 TO 3) = 12.
A% (4 TO 5) = 34

However, look down the output till you come to A$(1 TO
2). You’'ll see here this has returned 12, the number stripped
of the figures which follow the decimal point. Just below it is
A$(1 TO 5). Here, 12.34 has been returned, the number
stripped of the third digit after the decimal point. If we could
control the stripping which takes place, we will indeed have

a very useful device for manipulating numbers.

Correction to N Significant Figures

The rest of this chapter will seek to prove the accuracy of
that claim. Our first program, as you can see, corrects it to

the number of significant figures you specify:

1@ REM TO CORRECT ANY POQSITIUE
NUMBER < 1OE7
TO N SIGNIFICANT FIGURES
2@ INPUT "ENTER YOUR MNUNBER ™

-
X

25 INPUT “AND HOW MANY SIGNIFI
anT" “"FIGURES DO YOU WANT ; (X$

. "CORRECTED TO7 “:N

‘3@ LET Y=UAL X&E+(1@T (LEN X%-1)

3
& PRIMNT “X§$:" ta “:N:" =i

anifF
icantT,"figures 13 “,; INT UARL

T

m“
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RE Y181 (LEN uTR$ Y -MN)+.85
LEN STRS$ Y-NiI!.ii8t (L EN X
sa &0 TO 28

S4837 to 2 signi
figures is 5SS5éaa
L@54872 to 3
figuras is .
178674 to 3 s
figures is @
&34 45 to 3 significant
figures is 1@

57445 to 7 significant
figures is 14.973

The next version of the program is broken down to show
what is happening. (For negative numbers, by the way, enter
the digits only.) Line 3@ turns the number into a whole
number, in case the original number is a decimal. Line 7
gives the actual significant digits. Line 9¢ produces the
corrected whole number, and line 11§ gives the answer

required:

S REM Correct o N S5ig.
Figursas

18 INPUT “RPigase ented your nu

Bmbher XS
& PRINT *Uwour number is

X%
3@ LET VY=URL XE£(1B% (LEN X$ -1

3
4@ PRINT "7Y = ";¥

S INPUT “To haw fany signhafic
it ¢t
78 LET Z=INT {(URL STR$ Y.~rl@t L

ant ., fiqures’? "N
&& PRINT ““I will correct
O Y:;N.vsignificant figures™

EN STR$ Y -N! +.5?
8@ PRINT TRB &:VZ = "

S@& LET U—Z*ii@T(LEN 5TR$ ¥ -=N)2

188 PRINT TAB 18;°

11@ PRINT ‘Xg; = L*UBL Xg5-¥;
s iN,"Bigna i:s.ant figures®™

o :
i2@ G TD 18

Your humber is .eS4872

44



String handling and its use in Maths

LES48T2 = .@54F to 3
significant figures

Yousr number is 87448

¥ = 1497F7?7PF.85
I will corcrect it to 7
sign;f:cant figures

= 148273
Y = 1497777 .8

= 14.978 to 7
icant figures

wm

35
if¥§

2%

T4
i

Conversion to Standard Form

Finally, here is a program to convert numbers to standard
form:

5 REM CONUERSION TO
STANDRRD FORM
x$1a INPUT “Enter dYour number ;
15 IF X&E="5%" QR X3="s3 THEN ST
28 FPRINT ‘X%; "
sa LET Y=URL X$*iarfLEN XE-11
IF VAL X$>=1@ THEN PRINT UR
I h$:1@tiLEN X$ -1} ;"E+";LEN X%-
IF UAL Xgila THEN PRINT Yfl
ariLEﬁ STRE ?—11‘“E“'LEH,STR$,Y
LEN X%&
&l GO TO 18

- PEAAA34S = 3.45E-B6
“B34E = 3.45E-2
«345 = 3.45E-1

348 = 3.48E+2

34520002009 AR 2.485E+18
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CHAPTER FIVE

Using the Spectrum for More Advanced
Mathematics

The Spectrum seems almost purpose-built for maths work.
Its wide range of mathematical functions, and the ease with
which it can be programmed, invite students (and teachers)
to create programs to solve particular problems, or
demonstrate certain mathematical processes.

The Spectrum is ideal for situations where the basic
working of a problem remains the same over a period of
time, but the data which must be manipulated within that
working procedures change. You should also find the
computer excellent for producing visual demonstrations of
maths in action.

In this chapter of the book, I'll look at a number of
programs which I’ve included primarily to give you an idea
of the range of mathematical processes which can be
demonstrated on the Spectrum. Some of them may also be
directly applicable to a course which you are taking.

From entering and running these programs, you should
get an idea of just how flexible the Spectrum can be in this
sort of work. In addition, you’ll gain a number of ideas
concerning effective visual displays which you can
incorporate into the programs you write for maths and other
subjects.

Number Series

The link between successive numbers in a series is often
simple to state, but to calculate the series can be quite a
time-consuming job, even if the mathematics involved in
generating each number in the series is not very demanding.
The Spectrum laps up work of this type, as youw’ll see from
the following five programs.

The first one prints the series 1, 1*2, 2*3, 6*7 . . . and
quickly approaches the Spectrum’s upper numerical limit
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(+7*10 " 38).
Here is the listing:

19 REM NUMBER SERIES
(1, 132,223,867 et}

28 LET A=1

3@ PRINT R

40 LET A=Ax%{R+1}

S GO To 3.

And this is what it looks like when running:

PO
n

1806

I2HI3442
1.@65Q85TE+13
1.13423TF1E+26

Mystery Series

I’ll leave you to work out the rule used for our second series.
Here is the output of the program:

1-4842121E+8

1.7318629E+9

2.3153818E+18
2415346E+11
-BB23Q018E+12
» 77968203E+13
« 32254 61E+15
- 33B583E+18

«5S2318VTFES1T
D462 ISIE+1S

D RN ]

How did you get on? Here is the program listing:

E@ LET A=1: PRINT A

38 FOR N=1 TO 2@
4@ LET A=Nz{R:+l)
58 PRINT A
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Fibonnaci Numbers

Fibonnaci is the patron saint of rabbits. His name graces the
number series produced by this brief program:

18 PRINT "FIBONNAGCI NUMBERS®
2@ LET H=D2

3@ LET N=1

4@ LET P=M+N

S& PRINT P

82 LET HM=N

7@ LET N=P

ga 0 TO 40

The start of the Fibonnaci series:
FIBONNACI NUMBERS
i

00 ALY s 00 AR L3 )
gtlﬂmﬁﬁw

L
~J
~

2227485
14338352
24157817
IVA38169
53245985
1.0233416E+8
1.6558R14E+8
2.679143E+8
4.3349444E+8
7.81408873E+8
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Sum of Series

We now look at two programs to produce the sum of a
series. The first one produces the sum of the series 1/X +
UXT2+ UX13...

15X +

26
3a
4
E=1c]

15
X
LET S=a
FOR N=1

PRINT &

88 NEXT N

X TN:

1@ REM SUpM OF SERIES
1-°%X92 + I#XP3...a
INPUT “Fiease ehter value

TO 48
LET S5=5+1-{X+MN}

1sXTN

Here is the series for X = 1.7:

@.558823529
1.13778977
1.32739877
1.393787
1.4185249
1.4244831

4285568
1 4285643

4285711
4285713
~A2885714
~AZESTF14
1285714
4288714

NHHPHP"HHHHF‘HP‘I—*
i
fa
vl
o
M
w

261195
27723

1.4288714
1.4288714

f

The second sum of series program sums the series 1 12 +

212+4312. ..

N1 2:

i@ REM SUM OF SERIES

1T + 212 + 52
"RPiease snpiers

IﬁPUT

o
zea 2

Here it is in action for N = 16:

1
5
14
39
55

»Iilune

¥
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1498

Square Roots and Sir Isaac

Initially, we’ll look at three programs related to deducing
square roots. The first one converges on the square root of
two, using continued fractions, and the second program
demonstrates the process. The third program, based on the
first, is designed to determine the square root of N by
continued fractions.

Give R some arbitrary value when running this program:

20
s@
Ta@
sa
a8

INFPUT
PRINT

PRINT TREB 23;R
LET R=
g0 TO 48

-n.

“ENTER A NUMBER
“THE S&URRE ROOT bF 2

1+1711+R)

THE SRUARE ROQT OF 2 =

This program, as you can see from the sample run which
follows it, shows the process:

FOR

PRINT AT 1,06;

CONTINUED FRACT IONS
LET R=5S8SURARE ROOT OF 2
RT2~-1={R+1) {R-1}

THUS (R+1) {(R-1} =3

SQ R-1I=1~-1{R+1)

DR R=il+1-{1+R}

\R 1 +l\

N=28 TO 1% STEP 2

FRINT AT N, Nf&}“I"}QT’N*i N

+ AT N+2 N+&: "2 +©
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S@ NEXT N
12@ PRINT AT 2&,28;"atc."”

Square Roots by Continued Fractions

Our third program converges towards the square root of N
using continued fractions. After the listing, you can see it in
action working towards the square root of 4 (sample run
one) and 9 (the second sample run):
4 REM SQUARRE ROOT OF N
S REM BY CONTINUED FRACT IONGS
i@ INPUT “"ENTER s

28 LET R=1
3@ LET R=1+1iN-1}(1+R2

48 PRINT R

s@ GO TOo 3@
2-5_

1.8571429
« B35

- 98360656

«@A549485
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=3

2. 3333333
S.4
2.8181818
3.8852381
2.95348684
3.0235294
2.956838041
Z.28058651
2.997e717
3.8014552
2.29992677
G .0003662
2.9998169
3.2988891%6
2.9999542
3.00002=29
2.99998886
3.0080857
2.9999371
2.9999993
3. 2000Qa4
zZ.92999%38
3.0000081
3

3

Square Roots by Newton’s Formula

In case you were wondering why Sir Isaac Newton gained a
mention in our crossheading, here is the answer. Our next
program is designed to find square roots by Newton’s
formula. After entering the number (N) you enter a guess
(G) of the square root:

i@ REM TG _FIND SGUARE ROOT
NEWTON"S FORNMULA

28 INPUT “ENTER THE NUMBER "N
25 INPUT "YOUR NUMBER IS ; (N
. "ENTER YOUR GUESS OF THE™, "S®UR
RE RQQT ;@&

3@ LET = (G+NsGY £2

4@ PRINT &,.5+2

S8 IF RBE (&-G1 571008000 THEN
STaP

6@ LET G=5

e G0 TO 3e

BY

Here is the program in action looking for the square root
of 10¢@, with an entered guess of 17:

52

S¥.2117F8S 1437.3219
352. 144401 1833 .2828
3l.6278049 i1aaa . 25877
31.6822777 iaaa
J51.62277V7 18086
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This time, I entered a guess of 1, to see what difference
this would make:

See.5
251.2489
127. 51455

31.622782
Bi.822777

25500 .25
83136.06
16285.478

4588, 72
17@1.1852
1a7z2.2527
iadl.2172
18a@. 304
10aa

It is often instructive, once you’ve got a program up and
running correctly, to play around with the output of the
program in an attempt to make it clear to the computer user
what is going on. Working from the program listed above, I
produced this following version of it, which gives a clear
printout to show what is going on:

1@ PRINT “SRURARE ROOQT BY
HENTON 'S FORMLLA™

28 INPUT "ENTER THE NUMBER "; N

25 INPUT "“¥YTLR MUNMBRER IS ; (N
s "ENTER YOUR GQLIESS OF TRE™ ., "QQUR
RE ROQOT "8 .

27 PRINY “"The numpbersr is "N

28 PRINT “"Yoausr guess pas ";&z:

3G LET S=(G+Ns/GY 2
4@ PRINT &,5¢+2
5@ IF ABS (S-31 (S-iddd@dadd THEN

88 LET_ G=5
Te GO TO 3@

Here is the output of one run. As you can see, it is
instantly clear from the printout what is happening. As well,
there is proper record of the values entered for N and G (a
final improvement would be to have a line of the type ‘The
square root of . . . is..."):

SRURARE ROOT BY
NEWTON S FORMULA

The number is 08.3594
Your guess was .03

15.5@aS ava.4158a:s
8.2824727 £85.59935%
1.2089649 17.64 5106
2.2182411 4.923859536
1.3321881% 1.7745839
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1.28374263 1.8762533

@& . 9855863 ©.932115226
8.99458627 2.953940878
@.45a538 @.9894

Solving Equations by Newton’s Method

The next section looks at programs which solve general
equations using Newton’s method. I never fail to be
impressed by watching these programs in action, with the
computer converging rapidly on the solution.

The first routine, written by Jeremy Ruston, expects the
equation you want solved for X to be entered when
prompted by line 1¢. Then, in reply to the prompt from line
4, you enter a starting position for the computer to work
from. This should be (as in the square root examples given
earlier) either an answer somewhere near what you believe
the correct answer to be, or — if there is more than one
correct answer — a number near the answer you are seeking.
To try it out, enter X*X — 5 (to find the square root of five)
or X713 — 27.6 (to find the cube root of 27.6):

S REM Newilon"s method for
solving equations

18 REM By Jeremy Ruston

2@ INPUT "Enter a2 functipn in
terms of X ":F%

38 PRINT F% .

48 gNFUT *Enter a starting poi
nE ;

58 PRINT S

7@ INPUT "Enter paMimun erfor

PRINT ERR
188 PRINT AT 1@.,1&; 3
118 LET X=3
128 IF REBS (URL F%) <ERR THEN ST
139 LET T=UARAL F$
14@& LET X=X + R.28891
1S@ LET B-tiUQL F$)Y -7} 78.a0a01
18@ LET S=2-Ts/R
A7 &D TO 188

The next version of this program is more flexible, allowing
you to enter both sides of the equation, again with X as the
unknown (note that the acceptable error — at the end of line
8¢ — is so small that some equations will not produce
acceptable solutions; you may wish to increase this
acceptable error to .@@1):
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S REM SOLUING E@URTIDNR USING
NEUTON'S FORMU
1@ INPUT “ENTER LEFT HBND SIDE
OF” ,"EQUARTION *; Lg
2@’ INPUT “NOW PLERSE ENTER THE
RILHT’HHND SIDE OF YOUR EQUATIO

RE
3@ FPRINT AT 1,18 L% "="IR5%
4@ INPUT “ENTER A 'STRRTING R

4SxPRINT AT S5,13;".“:AT &,;,18;: "
S8 PRINT AT &,.186:5

88 LET X=5

7@ LET F=URBL L$&-UAL R$

8@ IF RABS F«:.0@0008081 THEN STOP
9@ LET X=X+1

18@ LET S=5-F.,(UAL L$-UAL R$-F)
ii1@ 60 TO S

N

LUE

Here are three results of running the program:

XtP2-d4 #X=X16-44

. . X=1.8494857

X+3=108

. . X=4.6415888

XrP2=1080

o« X=18.280882

As I mentioned a little earlier, it is often a good idea to
rewrite a program once you have it up and running to make
the screen display as attractive and informative as possible.
Another way of modifying a program is to rewrite it to dump
to the printer, rather than the screen. To demonstrate this,
'l show you one way the above program could be rewritten
to produce an informative output direct to the printer:
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NEWUTON-"& FORMULRA
REM B UVERSION FOR PRINTER
18 INPUT “"ENTER LEFT HRAND 3ID
F","EQUATION ;L%
QB.INPUT “NEW RPEEADRE ENTER THE
RIGHT HAND SIDE OF YOUR EQUATIO

| 3
LPRINT Lg; "=";R$
4.0 INPUT “ENTER A “STARTING uUR

42 LFRINT : LPRINT “Starting v

58 LPRINT : LPRINT &

&& LET X=8

V& LET F=uRL L$-URL R%

8@ IF ABS F:.aadl THEN GO TO I

a@ LET =X+1

iad LET S-Q—FJKUHL LE-URL R%-F)

118 GO TO Sbd

128 LPRINT INUERDE 1;:"2»23"; INUVUE
RSE &;" X : S

5 REM SOLUING EQURAT IONS USINGR
&

Here is the program in action, looking for the fifth root of

1ppp:

XtS5=1008

Starting value = ¢

4

3.93885769

I.984028

3.9622331

2. 8815275

F.93512505

3.9811418

F.a5i1e992

3.98108256

F.9810750

3.598518734

3.9518724

3.98172

3.9810718
9812?3 Q818717
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And again, solving a rather odd equation (to show it takes
a lot to faze our Spectrum):

{25P T X)+2=LN X
Starting vatlue = 1
1

2.3@28338
3.881955
4.9413868
4.96824722

4.9624 782
4.9642559

4.963805S
B X = 4.9833@5S

Here it is solving another odd equation, twice, with widely
differing starting values (which shows that, in some cases,
the starting value can be just about anything):

173X -C08 X sPI=S&aR X
Starting vatuve = .@2
- 22

227349178

- 228491787

-~ BR28/8S2158

. 28674357
M X = .@288674357

173X ~-CO5 XN AsPI=5ER X
Starting value = 18
i@

2.2856384

Q428604712
. BIB3ATFala
~-B2821132%5
LB2871@d73
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. 23682

355
Bl X . 228682355

Finding Factors

Moving away from Sir Isaac, we’ll now examine a number of
different mathematical applications of the Spectrum. The
first one, written by David Perry, finds factors. The program
will prompt you, so you’ll have no trouble using it:

1&¢ BORDER 1: PAPER 1: INK 7: B
RIGHT &: CLS

20 PRINT AT ©,7; PAPER 2," F&H
CTORISING "

360 INPUT “Product? “;p: PFPRINT
AT 2.2; PARAPER &% Product:“,;p; "

4@ INPUT “Sum? "“.s5: PRINT AT 4
:4; PARAPER &;° Sum: Yy . -

&@ FOR a=1 TO ABS
§2 FOR L=HBS_ip) TO

?QQIF ta¥xbk) =ABS (p

38 NEXT %
a
10@ PRINT : PRINT “FRESS <ENiSE
*» TO RUN AGAIN™
1180 PAUSE 6: FARUSE &: RUN
120 IF {(axb)=p AND {(a+b) =5 THEN

PRINT " Factors: +7;a:*, a
1Z@ IF {({(-3a} +hk)l =5 RND (( a)*b3=
P THEM PRINT " Facters: -=-“;a;",+

148 IF ({-bl+a)=5 AND {{-b) %a}
_.THEN PRINT " Factors: +“;a;'.

lb
1S IF (t-al+({-bl)l=s5 AND {({(-a)x
(-—b)'l—P THEN PRINT " Factors: -

- I
166" F'RINT a,b
178 RETURN

Calculating N! (factorial)

The next program calculates N! (factorial). The listing is
followed by a few sample runs:

12 REM TO PRINT N! (factarial)
1S5 INPUT “Enter wvalue for n ™

2@ PRINT N;" fFactoriat =
3@ LET X=1

48 FOR P=1 TO N

SR LET X=X=*P

a8 NEXT P

T8 PRINT X

N

iR
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5 factorial =
128

12 factorciatl =
4.790216E+8

3
. 2

+
()

i
E

O
nd ™

2 fact
2.5852€
fa

f-

= ctor
2. 5313@8¢E+35

Related to the last program, this one prints factorials from

1 to M. A sample run follows the listing:

1@ REM TO PRINT FACTORIALS
FROM 1 TO M

15 INPUT “Pilease snter M " M

2@ FOR N=1 TOo ™

1
4@ FOR P=1 TO N
S& LET X=XxpP
6& NEXT P
T8 PRINT N;™ factoriat = "X
80 NEXT n

1 factorial = 1

2 factoriat = 2

3 factoriat = &

4 factoriatl = 24

5 factoriat = 128

8 factoriat = 72@

T factorial = 5S@4@

§ factogrial = 48328

9 factorialt = J3IE2888@

1@ Factoriat = 38=2838@

11 factoriat = 3991589@

32 factoriat = - 720016E+8
13 factorial = 6 2272238 E+9
14 factorial = S.7178221E+10
18 factorial = 1.%B?E?¢¢E+15
18 factorial = 2.892279E+13
17 factorial = 3.95688743E+14
18 factorial = 8.4823737E+185
19 factorial = 1.218451E+17
2@ factorial = 2.432982E+18
31 factorial = S.1099942E+19
22 factorial = 1.1240007E+21

Solving Quadratic Equations

The resourceful Spectrum can solve quadratic equations
more quickly than you can:

1@ REM PROGRAM TOD SQLUE
RUADRAT IC EQUATIONS
28 INPUT "ENTER A A

59



Using the Spectrum for More Advanced Mathematics

3@ INPUT “ENTER B “.B
38 INPUT "ENTER C ";C

37 PRINT “IF F! = “;R;", B = ;
a.l. and.l .IC = l‘-

(é@RLET Xl—i—B+SQR (BxB-4 xR} )
Ea *

S LET X2=(-B-50R (BExB-4xRxCY)
s (2R}

88 PRINT "X = ":X1i:™ or ";X2

IF R = 1, B = 9 and

c =2

X = —-@.227948813 or -8.7720219

Triangular Numbers

The next program generates Triangular numbers from one
to 1@ as you can see from the output below the program
listing:

18 PRINT 'TRIQNCULQR NUMBERS™

28 FOR N=1 TO i@

I8 PRINT HNsinN+1), *3'“ s
4@ NEXT M

o

TRIANGUWL.RR Nuﬁaﬁﬁs
1 3 & I 15 231 28 35 &
gl 18 128 1= 153 37
231 283 276 38Q 32 35
435 4865 4956 528 551 5095 &30 566
FaI3 F4l1l 7?88 522 Spl 93 8485 9Le
1838 1@81 1128 1176 1225 12708 13
EE 13ZFS 1431 isasS 1S 15?5—2553
?ii 1 T3 183%’18?; 19q3 Sgis =2
i&iq 3&3

b r,rl
)
[
e
@

If you prefer your output more neatly arranged, this
second version may be of interest:

S REM ALTERNATIUE UERSIOGN
FOR QUTPUT IN COLUOHMNS

1@ PRINT “"TRIANGULAR MUMBsRs™

28 FOR N=1 TO 231

3@ PRINT N;TRES S Resisdr 3.7 :
18; (N+23) #{N+24dY F2;:THES i":f_; {"H£X5
X INIS) F2; TRAB 2@; (N+B7I # (N+G8: ~

b
=

S8 NEXT N
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TRIANGULAR _NUMBERS

1 398 1821 2348
2 3 325 112] 2418
3 & 351 1178 2435
i i 378 1225 3558
5 15 438 1375 2828
& 21 438 1328 278l
7 23 485 1373 2775
& 36 498 1431 2858
= 45 S238 1438 29ds
i@ S5 S51 iS54@ 33e3
1 &8 S35 1§38 3@s1
12 78 &3®@ 1833 3188
13 91 888 1711 3249
14 185 Fal I7F@ 3321
1§ 128 741 I33@ 3483
18 158 788 321 3488
17 1S3 82@ 1953 3578

Pascal’s Triangle

Pascal’s triangle can be printed by this program, in which
line 3@ gives the first number in each row, line 50 gives the
rest of the numbers in the row, and line 6@ is the ‘recurrence’
that must be found:

REM Pascatlt“s Triangle
l@ INPUT “How many rons? {<8y

3§ IF M8 THEN LET M=&
=@ FOR N=© T M

3G LET C=X

48 PRINT AT 2¥N,13W—E§N1

S@ FOR R=1 TO

&®d LET C—C§1M~R+11 R

T PRINT AT N§2,(15—N§2+R*41;G
B® NEXT R

9@ NEXT N

As you can see from these sample runs, the output of this
program is limited by the screen width of the Spectrum
display (you may wish to modify the program so it generates
the numbers, but produces them in another form, so they
can be ‘manually’ converted into a triangular display):
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1 7 21 359 3% 21 7 1
18 28 56 V& D& 28 8 1

Conversion Base 10 to Binary

This program is a demonstration of the conversion of base 1§
numbers into binary. Read the remainders from bottom to
top:

10 INPUI "Enter your number in

base 1@

2 PRINT “E into “QN;‘ goes "
INT (N2}, TRB 25; "Rem.: ,N—EiIN
T (Ns22

3@ LET N=INT (N-2)
4@ IF N>=1 THEN GO TO 2@

This is the program in action:

2 inta 16 goes 8 Rem.: @
2 into 8 goes « Rewm.: @
2 int? 4 goes 2 Rem.: @
2 into 2 gQoes 1 Rem.: @
2 into 1 goes @ Rem.: 1
2 i a 19 goes B RemMm . b
2 into 9 goes 4 Rem.: 1
2 into 4 goes 2 Rem.: @
2 int 2 goes 1 Rem.: @
2 i 1 goes @ Rem.: 1
2 into 94 goes 47 Rem. a
2 into 47 goes 23 Rem. 1
2 into 23 goes 11 Rem. b 3
2 into 11 goes S Rem . 1
2 into § goes 2 Rem. 1
2 into 2 goes 1 Rem . @
2 into 1 goes @ Ren. 1
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Our next listing converts base ten numbers into their
binary equivalents:

S REM BRSE 18 INTO BINARY

1@ INPUT "ERNTER YOUR BASE 1@ N
HHBER “: N

20 PRINT HN; " {(kase 182™

3@ FOR =8 TO INT (LN n- LN &2
22 42 PRINT AT 3,238-J;N-2%INT N/

X

S0 LET N=INT (N2}

82 NEXT J

Here is the program doing its work:

123 (base 18} = 11131911
2 (base 1@ = ii
452 (base 18} = 11380106
1234 (base 1@ = 186811010010
2355 tbase 18} = 1131131311

Round to Nearest Whole Number

This short routine, as you can see from the sample run which
follows the listing, rounds numbers to the nearest whole

number:

1& REM TO ROUND TO NEAREST
WHOLLE NUIMEER
28 IN%(‘LT “Pigase--efter your nu
mbher ;X
38 PRINT X;" roundsd 1o the ne
arest,"whole number is “;INT X
+.5e80l

4@ PRINT

5@ O TO 282
12. rounded toc the nearest
mhote number i=s 12
2.7 rounded to the nearest

sho Le aumber is 13

@.8 rounded 1o the nearest
ghota2 number is 1
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8,3 rounded to the nearest
who tle number i=s @

.5 rounded to the nearest
wha te numbey i=s 1

~ 8399 rounded o the nearest
whois npnumber is @

Express to N Decimal Places

This routine allows you to express a number to N decimal
places:

S REM TO EXPRESS A NUMBER TO
N DECIMRARL PLRACES

1@ INPUT “ENTER YOUR NUMBER

2 INRPUT "T0O HOW MAENY DECIMARL
PLROCES " N

32 PRINT X;"™ 9 “R;™ dscimairL"™
;"placetls) is

48 PRINT INT {X:2i10MPN+.5) - 10MN

24 .68978S1 to 4 decimat
pPLaceis) is 24 .8893

4 decimal
s .aaa3

99 to @ decimal
Y is 1248

Generating Prime Numbers

This program will generate as many prime numbers as you
want:

5 REM FPRIME NUMEBERS
I8 LET X=1: LET ¥Y=2: EYT D=3
28 INPRUT "HGU~HRN¥ PRIHE NUMBRE
R& DOV,“YOU WANTT “.A )
4@ PRINT “The first “;8;" prim
&€ numbers: "' °1,2.5;
5@ FOR B=1 TO /-3
T LET D=D+¥
8& LET C=¥+X
g LET E=INT (D33
128 LET F=D-E=:xU
ii@® IF NQT F THEN G T T&
i28 IF C»=F THEN 8O TD I5B
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LET

C=C+Y
GO TO S0
PRINT

B

NEXT B

The next program does much the same, this time using the
Sieve of Eratosthenes, in a way which makes dramatic use of
the visual output of the computer. It first prints up the
numbers one to 1 in this form:

b §

11
21
31
41
51
81
i
81
Sl

2

[

iz
22
aa
<2
s2
62

7a

sz

a2

3
i3
23

33
43

4

i3
24
34
<4
54

94

s

W m
~J

oo~ aom e
Sosos N

7
i

i

i8
28
38
<8
53
83
73
88
o8

a

15
29
39
4Q
59

i@
28
3&
40
Sa
(=1
Ta
e
=17
Rl

Then, it works through them one by one, making each

number flash briefly as it is checked to see if it is prime:

1
i1

61
s
21
21

2

3
i3
23

43
53
63
73
83
|3

B4
74
84
24

S

65
75
85
4=

&6
e
86

=123

7
17

a7

o8
68
=)
a8
28

19
29

188

Any non-prime number is then erased, leaving this display
of the prime numbers between 1 and 10:
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i 2 3 = i
i1 iz i7 i5
23 =29

31 27

41 43 47
53 59

61 a7
1 73 e
83 89

a7

Here’s the listing to work the magic:

S REM PRIHE NUHMBERS USING
SIEVE OF ERRTOSTHENES

1@ FOR R=0B TO =

28 FOR HN=1 TO 118

3@ PRINT AT ZxR+I.TxN-1; 1@axR+R

48 NEXT N

S@ MEXT R

68 FOR R=& TO ©

78 FOR M=1 T2 1@

75 LET P=1@xR+N: LET X=2xR+3:
LET ¥Y=0N-1

S8 FOR M=2 T0 7

188 IF PA/sM=INT ({(P~-M} AND P2 8
ND P<>3 RAND P (S AND P<C>TF THEN P
RINT AT X,¥:; INUERSE 1:P: PRUSE
13:YP§INT"RT X¥: INGERSE @:P:ART
L £

118 HEXT M

128 MNEXT N

138 NEXT R

Maths Tests: Decimals

We now have two complete programs, which contain full
instructions within the listings, to generate maths tests. The
first one, DECIMALS by Jim Walsh, allows you to specify
the number of questions you wish to tackle, generates the
questions and checks the answers, giving you a percentage
score at the end. The program makes extremely effective use
of such commands as BRIGHT to ensure the output is
always lively:

AA
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5 REM ..Decimals By Jisg Walsh
i@ CGLS : PRINT BT 13.3;:"Decina

s By Jdim Walsh.'® o Ot 1%
B2 : PRINT AT 2@.,2; "Press any ke
g4 foar prompts.'”: PRUSE 302

18 GG SuB 184806

B8 LET l=10080: LET m=188: LET
o=12@29@: LET go=go+l

S1 PAUSE 288: LET new=INT (END
¥41+1: IF new=2 THEN GO SUEB S66

52 IF new=1 THEN GO SUBE 180

85&% IF new=3 THEN &GO SUE 406

S5 IF new=4 THEN GO SUB S00

59 IF go=last THEN GO TO 2080

6@ FOR n=31 TO 1@Q: MNEXT n:

: PRINT AT 1&, S,INT {(per- -go*il
1,45 Correctl'“;nT 15,3, " Thats
Fier "“;ga;” sums. AT 28 .B,tas
gan; Y left to 4do.*: PAUSE 1006:
TO S0

99 REM ++++++ APRDITION +4+++++

108 LET rnd=INT {RNDxS) +2

185 DIHM xirng): DIMN virnd): PIX

Zzirnd:

1168 LET totat=0: FDR n=1 TO rnd
: GO BUB =220: LET xi{nX=tot: LET
total=total+tot: NEXT n: LET zZz§=
5TRs totatl

318 CLE&E PHINT AT D,287;"No."'", g
0: PRINT AT 5,"Hddztaon ofF D B
ipats™: PRINT OUVER 1;6T &.,5:"

. PRINT AT 5,3
+ 'Add the Fottamxng to 3 places™

: snxgglﬁ$ Sraj i? FOR n=%1 TG
rnd: XN : n<xrn T
?g%NEE" + ¢ o HEMN

XT n: LET vE=5TRs total:
pRINT T3 - .-3..-; (1Y B NPUT nT
ur ans. "; LINE i gpe in ya

it
128 IF id%=vs THEN GO T
128 REM wragq O 180
ki CL & R

0
Qe Q-
N ST

O Tcs
3 +np RINT ST S.®
n e RTR
(hy! pAneE sermERRD ia::LEﬁ 1T
2 -t 1 ET =
R$ INT total: g
i*. i FOR n=
vt T HERT ne .
E 12\ LEN ps, totatl. PRINT Thaeiglfl
EN FOR n=1 TO LEM z%: P
R‘INT BUER  1;v_";: NEXT n: FRINT

148 FOR k=1 TO S@PH: NEXT k: PRI
NT AT 19,87;"0C.K.": FAUSE G: PRI
NT AT EI,SJ“HSH% ont i RETURN

179 REM correc

180 LET egr=per+l: CLE : FRINT
AT 11,4 WHell donetl s n
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Bang On.": PAUSE B PRINT AT 21.
J;"Hang ontt*: RETURNMN
219 REM ____RHNDOH NG .

Zz@ LET a=INT (RMDxL)Y +@

228 LET b=INT (RNDRzol+m: LET a
=5TRY% b: LET dec=br1®t+LEN af: L
T tOt“a+dEC

226 IF b=1® R b=1808 OR b=1008
THEN GO TO 228

238 RETURN

288 REM --- SUBTRACTION---

960 DIM x(2): FOR n=1 70O 2: GO
SUB Z20: LET xtnjJ=tot: MNEXT n: I
F x(1) <=x (21 THEN GG TO 300

502 LET totat=xX{1}-x{Z3: IF tot
2L¢1@d@ THEN GO TO 353600

385 CLS : PRINT AT @,27;"No."“

0: PRIMT AT B6,8;" Deczmal SUbt
raction";AT ©,3; OVER 1;°
31@ PRINT AT 11,3;x{1Y;:" - "“;x{

‘Jﬁ?NINPgT “Tupe in the answmusr -
'aag IF i%$=5TR$ total THEN GO TO

38
3285 CLS : PRINT “"WRONGI !t -™
I will show the answer™: PARU
BSE 250@: LET zZz&=5TR% INT x(i: LE
T 4yE=5TR$ INT x{(2¥: LET ws&=5TR¥

S?gJPRINT trrLTAEBE 1@8-INT LEN Z &
s x

331 PRUSE S8

%2 PRINT TAE 18-INT LEN Yk x {3

i =": FRUSE 38

534 PRINT TAE S-INT LEN wE; " v
: LET v$s= 5TH$ total: FDR p=3 T

LEN vi: PRIN “"LUir NEXT n: PRIN

T336 PRINT TAE 1@8-INT LEN wEi Lot
al: PRINT TAB 9-INT LEN @& “;

FOR n=1 TO LEN ¥&: PRINT ‘_";1’
NEXT n: PRINT O )

348 FOR k=1 TO 4@0: NEXT k: PRI
NT AT 2,25;"D.K.": PAUSE &: PRI
NT BT _31,5; “Hans on!t®

345 RETURN

538@ LET per=per+l: CLS : PRINT

3

AT 11,8;"Well dong® e CORF
ECT!!": FPAUSE B: PRINT AT 21.,3:; "
Han ontte:

ETU

399 REM XXX HULTIPLICBTIDN XXX
468 DIM i (23: DIM x(23: DIM diz
1: LET tens=®: LET L=2i6@8: LET m=i
: LET o=186

4@5 FOR n=1 TO 2: GO SUB 220: L
ET itn)y=a: LET x{n)=tpt: LET 4in
X;UHL af: LET len=len+lEN af: NE

n

410G LET total=x (1) *x (2)
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415 ©LS : PRINT AT @,27;"No.";g
0: FPRINT AT ©,0; HULTIPLI 2
TION": PRINT AT B @; OVER 1;™

428 PRINT AT 5 a,“Uhat is—-.n""
TAB B.x (13" A X (EI ;" = AN
"Type in the answer.“: INPUT LIMN

E 5%
325 IF s$=5TR% totalt THEN GD TO

o

427V LET U$-“I WILL SHOW YGU THE
ANSWER" : . SiaiNIRT= g
SE_1008: PRINT T i FQ

LEN U$: PRINT UsiN TO Wy ;: PRUS
E 18: HEXT N: PRUSE 1@&: CLS

438 PRINT IT(1);".":, BRIGHT 1,D¢

1): PRINT Y2}, "."; BRIGHT 1i,Di=
l; BRIGHT @,“ %+ FOR M=1 TO &:

PRINT "_*; NEXT MN: PRINT “ »: P
AUSE 108: PRINT AT 2,18;"="": PRY

SE S5@: PRINT AT 2. .12;LEN;' d2cig
al géaLES.“: PAUSE 20@: PRINT AT
432 iEeT DE=ETR$ i(1l1+5TRS$ dii1}):
LEFT n$=5TRS% i (2) +5TR% d(2}: PRI
NT TAE 20-LEN m$:m%: PRINT TAE =

- EN ns,n$,“ X": PRINT TAB 15-L

EN nE; H FOR n=i TO LEN n%$: F
AUSE &: PRINT * _"i: NEXT n: LET
p=@: PRINT " ": FOR N=LEN n$ T0O

1l STEF ~1: PAUSE 28: LET ans=URL.
mEVAL n$sin TO nN)Y *10+p: LET b&=
BTRSs ans: PRINT TARE 26 -LEN b, &%
: LET p=p+1 HNEXT n
4358 LET ans=UAL mE¥UAL. n$s: LET
h$-ETR$ ans: PRINT TAE 15 -LEN ©b$&
; ; FOR n=1 TGO LEN bE: FRUSE

E: PRINT ° ";: NEXT n: PRINT ~ ™
: PRINT TAE 5@-LEN bs,b$ PRINT
Tas i15-LEN b ; Ge =t TO L

EN b PRUSE‘E: PRIHT‘“ "‘. NEXT

P
R

443 FHUSE ied: PRINT HT =3

total,; ans.": FOR

TD 256: NEhT k: PRINT RT 21

D.R.": PAUSE @: PRINT AT 1&.25;"%

Haﬁg“: FRINT AT 315,88, 0Ont'™: REY

498 LET er=per+i: PRINT ““llell
done mlﬁﬁ‘: PRUSE ©: PRINT

“Hang onttY: RETURN
489 REM A A & DIUISION A A A
5866 REM

505 GC SUB 228: LET L1l=LEN a%::
LET b&= STﬁg tat

Sla LET L=1G& m=31: LET o=3%
P8: GO SUB 230: LET LZ=LEN a$: L
ET c$=58TR$ tot: LET lZ=LEN ag$: L
ET,§$=&TH$,(UQL bF-UAL &2

515 LET d=UAL d&: LET d4i=INT (g
1: LET d2=d-di: LET e$=5TR$ d=2
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520 LET Jd3=\UAL e${6 TO B8): LET
da=UAL e%(S TO B5): IF d3:4 THEHN
LET dd=d4+1

5258 LET e%$(S TO 5)=5STR% d44: LET

ef=e§(1l TO 5¥: LET dl=diI+URL e$

: LET F$=33TR% d1

5360 CLS : PRINT AT &,6.:" DIVE
SION"; AT @,8; OUWER 3.;" —_—— e

JAT &,27;:;"No.,." ;g0
535 PRINT AT 4,3;"What is *;

b%,
ot =TUSAT OAB,.0;:"Tupe in

Your answer correct "' to thi
ge gecimal ptaces™: INPUT LINE i
B4t IF i$=Ff% THEN GO TO ¢9
545 CLS : PRIN *: PAUS
E 18@: PRINT HT 12.,a;*" witl sho
W Yyou how to 4do it.": FOR n=1 TGO
ZPE: NEXT n
558 CLS : PRINT AT B,8,c%; "B, k&
$;: PAUSE 15: PRINT AT G,LEN c&;
OUER 1,;" *'; FOR n=1 TO LEN b%:
PAUSE 15 PRINT DUER ;7C";: KE
XT n: PRINT " =
551 IF ti>L2 THEN LET L3=11
852 IF t2*t1 THEMN LET (3=L2
5853 IF ll=i2 THERN LET 13=L1
8555 LET x=URAL c%x10+L3: LET g?-
STR% ¥: LET x=UVAL bE*x10+LG: L

h$=5TR$ X
559 PAUSE 160
56@ PRINT AT ©,LEN b$+LEN c$+4;
VB h%; AT @, LEN b%+LEN c$+LEN
g$+4, OUVER 1; & ; FOR n=1 TO
PAUSE 1i5: bRINT DUER 1,"c
;. NEXT n: PRINT =
éss LET d=INT UARL d&$: LET di=UFf
L d%-d: LET t1$=5TR$ d1: LET d$=5
TR d+"."+t$(3 TO &)
70 LET

1= =INT WAL d%: LET t&=57T
Egst: PRINT AT 3,0, TAB 1&-LEN t§
'S8 PRINT AT 4,0, TRAE 18-1LEN h%$.

h
S85 FRINT AT 4,8;TRE 17-LEN h$;

S98 FOR D=1 TO LEN h$+LEN d$
AUSE 1®: PRINT QUER 1;"GC™;:

i
595 FRINT AT 4,8, TRAB 17-LEMN h$%-
LEN a9f, 9%

Boa PRINT AT 76 =" AT 13,14?

‘;: FOR n=1 PEn" f&: PRINT
$in 0 ni1;: PRUSE 3B: NEXT n: PR
INT © an

;: PAUSE 356®: PRINT

RETURN
4 ,255,255,&,24,2

M
o
]
T
D
cC
m
m
[ IR

immm DATA 24,8

@
1801 DATA 351,16,8,8,8,8, 16
g e

1062 DATHA 255,08 L@, ,@
n=8 TO 23 RE

]
1005 RESTORE : FOR
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RD a: POKE F2E00+n,2: NEXT n: LE

T per=0: LET g9o=@

101G CLES : PRINT AT 5,2;"How aa3n

b ] sums™”°""do you want to do7?v; /T
21.,2; "Enter numbecr*: INPUT LINE
1$: FOR n=1 TO LEN i%: LET a=C0o

DE i$in TD ni: IF a«cdd OR a»57 7

HEN GO TO 161@

1@15 NEXT n: LET last=UAL i%: CL

. PRIMT “"HANG OMN!!“: RETURM

EEDB CLS : PRIMT TAB &;"Thats it
1Y AT 30Ut of Y;lLast;t sums
A you got ; INT {(per~-last
%£31008) ; MY PRUSE 2@@ PRINT AT =2

1.285;"0.K.": PARUSE @: RUN

Gwyn Dewey’s program — MATHS - is more of a game,
but one which has considerable value in developing
numerical skills. The game is designed for four players.
There are ten tests for each player, and the winner is he or
she who does best out of their round. The program uses the
players’ names, and prints the results of the test in a
particularly effective way.

You'll see (line 506) that there are ten possible kinds of
tests which can be produced by the program:

1 REM € 24,7,82 G.Dewey HMaths
2 LET d$="Maths"

3 GO SUB SBoR

4 CLS

S DIM a4l

& DIM cH(4,1i60

7 DIM a%(4,18)

18 PRINT "Maths"“

28 PRINTY “"“for 4 ptlayers"

3@ PRINT ““theéere are 1@ tests
to do ofF ten questions and a tah
%g is shoun af qQuestions cosrred

4@ PRINT “"each person takes =

test untit att have been dane
then the winner is found"”

¢ 5? FRINT * FLRASH 1;"Press to &
ar e

%g IF INKEY$="" THEHN GO TO &&

8@ PRINT “"Enter names"

& FOR i=1 TO 4

ABE@ INPUT “"Plaver *“; {id;"7?"; LX
NE a%f(i)}

110 HNEXT i

338 CLS

135 IF CcHil1.,3i@) <> * AND 52,1
By " AND cH(3,1@) " " AND s
(4,1 <> " THEN GO TO 208

148® PRINT “Haths" " ""HMenu card®
145 LET m=96+i 16
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150 PRINT “"i=Goto work card"
16Q@ PRINT “2=FPrint percentage"”
170 PRINT "3=Print Grarh"

175 PRINT “d=quit"

188 INPUT YWhich choice?; L INE
EF: IF el QR e%>"4" THEN GO

TO 1&g

198 CLS

191 IF ef="4" THEHN GO TO Z2aaR

208 GO TD URAL ef:50a

580 INFPUT “plaver(l-41)7"; LINE
2%: IF 55{“1“ OR s%:>"4" THEN GO
TO 508

588 LET fF=VAL =5 &%

S@6 PRINT "@=gasy addition" " "1s=
average additicon " "2=hafd adfill
an" ' "3=easy subtractiaon” “4=zver
age subtractian”’'"G=hard subtlrag
tign" " "EB=gasy pLLtiplicatian "7
=hard muiLttiplication" ' "8=asy di
visionyround (o npearestY - "Q=hard

divisionIwhole number."

S1@ INPUT “which work cardi@-gi
g"iSEINE 9% IF gfs="9" THEN GO T
511 IF LEN a%»>1 THEM GQ TO Si&
512 IF 9$<"B“ OR g9%>"9" THENMN G0

TO Sl@

815 FOR i=1 TO
F THENM GO TO 13@
518 NEXT i

520 LET b$="+++——-—%x-0"

S30 FOR i=1 TO 1@: IF cH(f,.id<x
o THEN NEXT 4

1@: IF CH(F,i)=g

54@ LET c¥i(f, ix=95%

57@ LET z=URL g%5+1

E?BE {F z=1 OR Z=¢ 0OR Z=7 THEN L
598 IF z=2 OR =5 0OR =8 0OR z=4
THEN LET h=2

BRG IF z=0 OR == OR z=18 THEN
LET h=3

6l@ CLS

c28 PRINT “lWork card “;URL 9%
tES% PRIMNT -+ FLRASH 1;"press 1o &
art"

G4 IF INHEvs-"" THEN GO TO B64@

." .

656 PRINT .:" out O
657 PRINT “Plader:";as%(
BE® LET a=INT (RNDxl@th
&7 LET b=INT (RNDxl2%th)

6758 IF a<b THEN IF z=4 0OR z=F O
R I—E THEN LET u=a: LET a=b: LET

68@ IF z=9 0OR z=18 THEN LET b=
NT (RND#187 (h-122
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IF b= THEN IF z=9 0OR z=12
GO TO &6&8
tET Z%=0TRE a+bsx(URL g%+1)Y

LET zH=S5TRE [INT (VAL %)+

GO TL 7a@
FRINT AT 21, @;fEnter ansuwer

a5 a number please

Taa

INPUT "llhat is ", (a); rbhHiUA

i 9$+1]3,!b]:"?"} LINE X%

a2
?BE
{llml|

706
787

7l@

72@
i,

75

IF X&="" THEN GO 70O 7682
FOR n=1 TO LEN X%: IF x%(nl
OR X% (n)>"9" THEN GO TO 697

NEXT n
PRINT AT 21.0;"

LET k=uURAL z%

IF URL K$=k THEN PRINT AT =
‘Right.”: LE +1

IF uAL ¥$<>R THEN PRINT AT

E% L8 "Hreng.The answer 18 “; K

Sl
732

16606

Blolgke s spltia
RN AN
=Bl =
ARRAE (Ga5

FOR L=1 TO 25
NEXT

NEXT i

LET a(Fl=aiFY+j
GO TO 13a@a

PRINT “oc—e—mmmmo -

FOR i=1 TO 4

PRINT “a$iid;" “;aifil; ="
MNEXT i

PRINT ° FLRASH 1;:"Press q t&

IF INKEY$<>"'q"” AND JINKEY%<>
AND INKEYS<>"@'" THEN GD TO

GO TO 13@

FOR i=1 TO &

PRINT aFlil;"cards:";cHil
PRINT PRPER 2; ™

NEXT i

FOR i=1 TOQ &
LET m=176-1i #i6
LET w=3 (i

- IF _ai{il) =2 THEN HNEXT i

FOR j=@ TO vw#2-
FOR 0=m TO m+7

PLOT INK 4;j.0

NEXT ©

PRINT AT 21.,@&; FLASH 1;"Pre
1t Quit"

IF INKEY$<>"qQ" RND INKEY%<{:
AREDE INKEYS$¢»UR" THEN RQ TO

Go_TO is3a .
CLS : PRINT “all finished"
FOR i=1 To 4

IF a(id>=a(1) AND a(ils=a(2
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¥OAND 3{i)»=a(3) PAMND a2ljit>=8i1a}
THEN FRINT “winnpner: ";a%ii)

20368 MNEXT i

2040 GO TO Sagad

EBBB—BDRDER Z: PRAPER 7: INK &5

8@l FOR g=1 TO LEN d3¥

2865 LET f=US tat

ggig LET e=(ICODE d§ig)) -32) #8+1
8220 FOR Y= TOQ e+7

8@3@ FDR =1 TOD 2

B@a4d POKE F,PEEK u

gage@ LET F=¥F+1

. -]
888 PRINT AT 9, N
aaad PRINT AT 13,9"3"
812 NEXT g9
8200 PAUSE 3ad
8400 RETURN
Sol@d INPUT "D you want to go to
the next progQramniysnx?" ;s

99280 IF z$="n" THEN RLUNMN

Dg2s PRINT “Press play on tape r
ecorder"”

Qa3g Lopp v

Maths Tests: Correlation/Regression

Finally, in this chapter, we have the program CORETS
(Correlation/Regression) by Paul Toland. Although you
may not have a need for the program in this form in your
lessons, it is included as it is a very good example of how a
known mathematical process can be converted into a
program. Regression is the process of fitting a best straight
line through several points on a graph. This straight line will
take an average path between all the points. If this line is
then extended past the end of the known data, a forecast is
made of the next, as yet unknown, figures.

Depending on the data given, some regression lines are a
more accurate reflection of the original figures than others.
The closeness of the ‘fit" of a line is measured by the
correlation coefficients.

When you run the program, you’re asked if you will want
the results sent to the printer in the course of the program. If
you answer ‘Y’, you’ll be given the opportunity to COPY the
screen at all important points in the program. If ‘N’ is
entered, then the question “PRINT THIS PAGE?” will
never be asked.

Next you must enter the data. This is done in two stages,
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with the X values first and then the Y values. The X values
are independent figures. For example, for yearly sales’
totals, the X data might be 1984, 1985, 1987 etc. It is possible
to use other equivalent values without affecting the results,
suchas 1, 2, 4. You choose the base value (1 in this case) and
then use similar increments as appear in the original data.

When entering data for time series calculations (time
series calculations are used to take account of the
fluctuations in data which are caused by seasonal factors;
they are only useful for applications in which the data
consists of a repeated pattern), it becomes essential to use
this alternative notation for the X values. For example, for
quarterly sales figures:

Year Quarter
‘84 1 you must enter 1
2 you must enter 2
3 you must enter 3
4 you must enter 4
'85 1 you must enter 5
2 you must enter 6 . . . . and so on

Note that for time series calculations, missing seasons are
not allowed. Therefore, in the above example, the quarters
cannot be 1, 2, 4, although an entire missing period should
not affect the results too adversely.

Once all the X values have been entered, enter 9999 to
stop. The Y data are now entered in their original form.
They are called the dependent data and might consist of,
for example, the sales figures and production totals. A
maximum of 10f sets of figures has been placed on the
program.

Once all the data are entered, the program prints the
correlation/regression results. The important ones are
Pearson’s coefficient, the coefficient of determination and
the equation of the regression line.

You are then given the chance to interpolate or
extrapolate on the regression line. You enter a value of X in
the same notation as originally used when entering the X
data, and you are given the value of Y at that point on the
line. This can be used for forecasting. For example, if you
have entered the sales for years 1 to 10, then entering 11 will
give you a forecast of the next year’s sales figures.

The program then plots a graph with the original data and
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the regression line superimposed.

After the graph has been drawn, you are asked if you wish
to continue into the time series part of the program. It only
makes sense to do so if the data is of a seasonal nature. If
you decide to continue, you must enter the length of the
period. That is, the number of values that make up one
period (such as 4 for quarterly sales figures).

Next you enter the type of model you want to use, €ither
multiplicative or additive (M or A). Once this is entered, the
program plots in the graph of the moving averages of the
data. As you will see, this varies throughout the data and so
is more flexible. A freak value near the start of the data will
not affect the end of the line.

The seasonal factors are then printed followed by the
original data in seasonally adjusted form. Lastly, the
program prints the forecast figures for the next two periods,
before asking if you want a re-run of the program.

After all that, here is the listing (the background to the
maths involved in the program is given after the listing, just
in case you’d like to refresh your mind on it):

REM CORETS & P.TOLAND.
REM

REH CQPS—DNLY FUNCTION.,
S DEF FN Z5 (X5l =I(CHR$ (CODE ¢
K$)—32*(DODE X$>90) 11
REM 4+ CAPS-ONLY FUNCTION.
1@ PRINT “CORETS. - CORRELATIGHN
SREGRESSTION. TIHE SERIES
PROGRAM.
2@ INPUT "LIILL YOoUu WANT TO UsSE
THE PRINTER™; A%
3@ LET PCON=@®
DﬁmiIF FN Z% (A% ="Y" THEN LET F
S8 G0 TO 182
6@ IF NOT PCON THEN INPUT “Pre
23 ENTER"™.A%: RETURN
7@ INPUT “PRINT THIS PARAGE 7T, A

8@ IF FN Zs5i{A$) =Y¥Y" THEN COPY

LPRINT ‘T —————————————————————

28 RETLURN

1080 DIM X183 : DIM Y (1883

11@ PRINT "Enter X watues in or
aoer - End uwith 93989"

120 FOR I=1 TO 1@6

13 INPUT X

142 IF X=Daad THEMN 0O TDO 186

15@ PRINT X: LET X {I)=X

168 NEXT T

=
=
&
=

76



Using the Spectrum for More Advanced Mathematics

FIETY T

F%?g PRINT 108 IS5 HAXIMUM SLLOW
jd@ LET I=I-1: CLS

la® PRINT ¢ ;I UALUES b
UYEnter Y values in oirder

198 LET ﬁH 1E38: LET LA=4x1E-39
=R FOR =1 TO I

ZAs PRINT X (b ;

’213 INPUT Y () : PRINT TRBEB Q.Y (1
314 JIF Yid) LA THEN LET LA=Y {J4)
2318 IF Y () «+8M THEN LET &8HMH=¥ (d4)
220 IF FPEEK 2368%9=2 THEN GO SuUB
&d: LCLS

228 HNEXT J

2868 GD s8uUB 6@ .

240G LET SX=G: LE Y =

258 LET 8X5=@: LET 5¥5=

280 LET SXY =0

278 FOR J=1 TO I

EFEE LET S5X=5X+X {1}

298 LET Sy =5¥Y+¥Y id)

2@ LET SXS5S=5XS5+X () #X{Jd)

1@ LET SYS5=5YS+Y (Jd) #Y ()

328 LET SXY=5XY +X (J) ¥ ()

I3 NEXT J

343 LET R={I#S5XY-8X%5Y) - 50R ((I
fgxs—%x*qxlitl*svs -5Y £5¥'13 )

S5 PRINT "SUHM X:", 88X HAN
SY TUSUM X SRQ.: " 8XS5"SUM Y S5.: "
s BYSTUSUM Xy v EXY

S6@ PRINT ’"PEHRSDg CORRELRTIOC

! : NT
378 PRINT **“CDEFFIEIENT OF DET

"3a8 LET R=5Y.-I-5X.-Ix:B

4@ PRINT °‘“THE LINEAR REGRESS
JION EG\UHTIDN R S ~ TR AN TR =} 3 )
Srx=@Q);B; " X"

41@ Eo’ suB eo

43@ CLS

448 PRINT "INTERPDLRTIDNIEKTR P
QLATION . 995 TO END“’

45@ INPUT “"ENTER X UALUE " ;X
460 IF X=929233 THEN GO TO 4385
178 LET ¥=A+8xX

$8@ PRINT X:TRB 8:;%Y

485 IF PEER 236389=2 THEN GO SUB
&@: CLS

43 GO TO 458

495 GO_SUB 60

?%%)LET SL=R+BxxX{1): LET EL=R+EB
X

S@2 IF =SL:LA THEN LET LA=SL

@4 IF EL:LA THEN LET LA=EL

P& IF SL<5M THEN LET SM=5L

@8 IF EL::&M _THEN LET SM=EL

1@ LET 3C¥=283r{X1I)-X{31})

mu

77



Using the Spectrum for More Advanced Mathematics

E28& LET SCY =173~/ (LRA-5M)

S258 CLS

So@ FOR J=1 TO

540 CIRCLE 1+(K(d3-xt133§56\ i+
iY () -§M1 x50V,

558 NEXT J

SE@ PLOT @, (BL ~-5M) x3CY

572 DRAW 285, (EL-5M! x5CY - (5L -5M
I 20y

=5@ GD SUE B

59@ INPUT "CONTINUE INTD TIME &

ERIES _7".R%
@@ IF FN Z¢iRs$)="N" THEN GO TO

I
Hgéa INPUT "LENGTH OF PERIOD 7%;
820 IF PER(=0 DR PER<>INT PER T

f 616

&3@ INPUT "MULTIPLICATIVE OR abD
DITIVE MODEL (H_OR RI "M%

548 LET M3=FN Z$ (M%)

&858 IF HMg<>"A" AND HMS$<H"MH" THEN
GO TO 63@

&B@ DIM TIPER): DIM RAiI]

78 LEY IP=INT (I-PER) *PER

586G LET END=IP-PER+1

59&@ LET DIUVU=FPER

78R FOR JU=1 TO END

Fi@ FOR K=Jd TO J*PER-1

728 LET A () =R (J) +Y (K]

E?Sﬂ LET DDD—(PER<=INT IPER.-2)1 ¥2

TEa IF oLl THEN GQ TG S2W&
F7@ LET END=END-

T8@ FOR J=1 TG EN D

Fa@ LET AN =RA{J) +A{J+1]
SBE NEXT J

&1@ LET DIU=DIUxZ2

838 FOR J=1 TO END

4@ LET A{Jl=R{1J1 LIV

S5@ NEXT J

868 LET STRT=INT (PER~-2) +1
7@ LET Xl=I{X{STRT}-X({1})1x25CX
8@ LET Y1=iR{1) -SH) x3C¥

2282 PLOT X1.,Y¥Y1
IP@ FOR J=2 TO
LET Xd‘(K(STRT 143 =X (1) %5

LET ¥Y2=(RIJ) -5M) 5C¥

DRAN X2-X1.,VvVZ2-¥1

LET X1=X2: LET ¥Yil=¥Y2

NEXT J

GO SlIR &8

FOR J=1 TO END

LEY CP=8TRT-

Q9@ LET TP—iCPxPER INT (CP~-FPER}

"998 LET TP=TP+RER:* ({TP=0)
18@2 LET SALE=Y (CP)
inl@ LET MA=A 1

iy

g s
Wmdhiyp iy =
BLRaeRE B
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FOR J=1 TO I

LET ThP=TF+1

LET 3&¥ =Y (J) -TI(TP)

IF ME="M" THEN LET 3Y¥Y=Y{Jd}.,~

PRINT X( N ,;TABR 6;¥ (M, TRAB 1

IF TP=PER THEN LET TPFR=0
éESPEEK BEE659=2 THEN GO SUEB

NEXT

G0 SUR &aa

CLS

28& PRINT "FORCAST FOR THE NEXT
PERIODS X PERIOD FORCRAST

%NCé—K(I)—X(I -13
LET INCY=(R{END}! -R{END-2)1) ~

LET STX=X(I)+INCX

LET STY=R{END) +INDY

FOR J=END+3TRT-1 TO I

LET STY =8TY +INCY

NEXT ol

LET TR=TPs+T-TP

FOR J=5TX TO STX+PERx2%INCX
X STEP INCX

LET TP=TP+1

LET F¥=8T¥1T {TF1}

IF ME="M" THEN LET FY=8TYs:xT

PRINT J;TRAE &; TP, TAB 13 FY
LET STY=5TY +INCY

IF TR=PER THEN LET TP=2
NEXT .

GQ SLUE 58

PRINT ~ FLASH 31;*" Co
COoMPLETE"

1928 LET T=SRALE-HA
1e3@ IF M$="H" THEN LET T=SALE/M
1@4@ LET T (TP) =T (TP} +T
185@ NEXT J
1@E@ LET TOT=
ig7@ IF_M$="M" THEM LET TOT=END
198@ LET TTL=0
1@29@ FOR J=1 TO PER
1102 LET TTL=TTL+T (W
ilie NEXT
113@ LET Abu= {TTL-TOT?! ~PER
1125 PRINT “THE “;PER; " SERSONAL
FACTORS ARE:
13138 FOR =1 TO PER
114@ LET T () =(T () -ADJ) » (END/FE
115@ PRINT J; " ";T (0
1I6@ NEXT J
ii7@ PRINT ‘"SEARSONALLY ADJUSTED
IGURES" * "X ¥ ADJUSTED
75 LET TP=0
a
Q
)
1

oo {33 o s ot o s
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THE PROGRAM 7 (Y GR NI “, A&
148@ IF FN Z5{(A%) ="Y" THEN RUN

147@ INPUT DO YOUu UF!N';'“TE RERUN

As I said at the start of the introductory notes to this
section, regression is the process of fitting a best straight line
through several points on a graph. The straight line will take
an average path between all the points. If this line is then
extended past the end of the known data, a forecast is made
of the next — as yet unknown — figures. Depending on the
data given, some regression lines are a more accurate
reflection of the original figures than others. The closeness
of the ‘fit’ of a line is measured by the correlation
coefficients.

Pearson’s correlation coefficient, symbolised by the letter
R, gives the strength of the linear correlation. The values of
this coefficient lie in the range —1 to 1. A value close to
either —1 or 1 means a high correlation, a good fit. Values
close to ) mean a low correlation, a bad fit. Positive values
indicate a line which is rising, and negative values indicate a
falling trend. Among other things, a high correlation means
— naturally enough — that any forecasting based on the
observed data is likely to be reasonably accurate.

The coefficient of determination is very nearly the same as
Pearson’s; it is R squared. It falls in the range § to 1. If R =
(.8 then R12 = (.64. This would mean that 64% of the
variation in the observed values of Y is explained by the
model.

Of course any calculations based on only a few figures will
be meaningless. Several sets of data are needed to give some
indication of the general trend.

Time Series

Time series calculations are used to take account of the
fluctuations in the data which are caused by seasonal factors.
Therefore, they are only useful for applications in which the
data consist of a repeated pattern. Such patterns could be
quarterly sales figures (each year would have four numbers
attached) or daily production totals (which could have five,
six or seven figures per week). In this last example, the
period would be the week, and its length would be five (or
six or seven).

The relationship between the size of a particular figure
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and the season in which it falls can be calculated and is called
the seasonal factor. By the way, a season in this context
refers to the part of the period in which the number lies, and
can refer to the day of the week or the quarter of the year.

When the data are affected by seasonal variation, the
figures in one period cannot usefully be compared with each
other. For example, if you sold toys, then you’d probably
expect your Christmas sales to be better than your summer
ones. If in one year you have an unusually quiet Christmas,
and a strong summer, then comparing the two sales figures
would not reveal this, since the Christmas figure would still
be higher than the summer one.

If, however, you can remove the seasonal factor from the
figures, the true situation can be assessed. In a term familiar
to us from government pronouncements on unemployment,
modifying the figures in this way is called seasonal
adjustment. Forecasting from Time Series can lead to more
satisfactory results as the figures produced will also follow
the seasonal pattern.

Note that there are two types of time series model:
Multiplicative and Additive. Multiplicative is used when the
deviations from the trend per season vary greatly from
period to period. The Additive model is used when there is a
more or less constant seasonal variation.

Whatever the application, the results from any forecasting
made using either the linear regression or the time series
methods cannot be taken in isolation. Sales might fall
because of a recent price rise, production may increase
because of newly-installed automatic machinery. These
events will affect the figures, but the computer cannot
possibly know about them. You must therefore view the
forecasts made by the Spectrum in the light of any other
information you may have which is not reflected in the data
you have used.
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CHAPTER SIX

Using the Spectrum graphics effectively
4 Part One

One of the great advantages of the Spectrum over many
computers is that you can define your own graphics. This is
of tremendous value in such subjects as languages,
chemistry, geography and music.

The Spectrum graphics are formed on an eight by eight
grid (of ‘pixels’), with certain of the pixels being black, and
others white. The patterns formed by the black and white
pixels on the grid are actually the letters, numbers and so on
you see on the TV screen. The Spectrum allows you to make
your own patterns, to form musical notes, letters with
accents, and any special symbols you need.

The information is stored as a serics of zeroes (pixel
turned off, or white) and ones (pixel turned on, or black).
Here, to try and make that clear, is an eight by eight grid.
On it is a form of the letter ‘a’, and beside it is the ‘bit
pattern’ of ones and zeroes which forms the letter:

e]

cocooococococol
coococoococo?

Ormmoo~,oR
3

ding b

—

t pattern

[ens 3 cn I cov’ i cow i v R cow B cov B cow I @]
OO, OO =O

0
1
0
0
1
0
1
0

O = = = = O
OO oOooO

As you can see, each of the bit patterns is actually a binary
number. The computer has been programmed so that by
giving it eight binary numbers where the ones correspond to
the areas we want to have black in the character we’re
creating, and the zeroes correspond to the white spaces, we
can form a letter.
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Now as each row of eight zeroes and ones is a binary
number, the maximum number we can have s
111111110r255indecimal (128 + 64 +32+ 16 + 8
+ 4 + 2 + 1 = 255). Every possible combination of pattern
has a unique number between zero and 255. By sketching a
design on an eight by eight grid, and then working out the
decimal equivalent for each line, the design can be assigned
to certain keys on the Spectrum (any of the letter keys from
A to U can be assigned a graphic character you’ve created,
and the character is accessed by putting the computer in the
graphics mode before pressing the relevant key.

Church Spire

You put a character of your design into place using a simple
program such as the following, in which the decimal
equivalents of the binary numbers which form the pattern
you want (and there is a binary/decimal conversion chart in
the appendices to simplify this task) are placed in the DATA
statement, and the key which you wish to assign to the
character is placed in quotation marks after the word USR in
the following program:

S REM CHURCH WITH SPIRE
1a¢c>n‘m 16,18,124,18,18,1234, 12

2@ FOR X=@2 TQ 7

38 READ Z )
4@ POKE USR "A"+X,Z
S8 NEXT X

This program produces a little symbol (of a church with
spire) which would be suitable to use on a map. You get the
computer to print the symbol either by pressing the ‘A’ key

after getting into the graphics mode, or by telling the
computer to PRINT CHRS$ 144:

2 & % T

T T I I

Here is the relevant pattern on the eight by eight grid,
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with the binary numbers and their decimal equivalents
beside them:

=00010000=16
=00010000=16
=01111100=124
=00010000=16
=00010000=16
=01111100=124
=01111100=124
=01111100=124

Coniferous Wood

It is sometimes necessary to print a defined character in two
or more parts. This can happen if you decide that a single
character cell is too small for your needs. The next program
first defines a ‘tree’ character, and then uses it with existing
Spectrum characters to create another Ordnance survey
graphic — coniferous wood, unfenced:

Coniferous wood, unfancad

T

R4
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Here is the program to produce that effect, with the little
trees in line 150 produced by getting into the graphics mode,
then pressing the A key:

1@ REM CONIFERCUS wWQOD
=28 FQR X=@e 70 7

3@ RERD Z: POKE USR "A“+X,=

4@ NEXT X

180 PRAPER 5: INK 4: BORDER 1: ©

188 PRINT INK 9Q;AT S,.2;:"Conifer
ous wood, un fenced“
112 PRINT INK 9:AT 1@,11; " ————--
-== ;AT 11,318 -7 AT 11, 19," -
128 FDR Xx=1 TO 4
13@ PRINT INK SiAT 114X.9; ('R
T 11+ .2@; "1
135 NEXT x
%galgngwI INK 9:;8T 16.1@; "\"“;AT
15 PRINT AT 12.314; "% ;AT A
L1274 4 &VIAT 15.15; "4 &
16@ PRINT INK 8:AT 17.11;"—ce=m

il?@ CATA 168,16.596.684,146,.56.84%,;
a8

Such graphics can be incorporated into a simplified map,
with a key letter by the side, with the pupil being asked to
identify each character, or they could even be placed into a
multiple choice quiz program.

Chemistry Subscripts and Superscripts

The following program follows up this idea, but in a
different subject area — Chemistry. In this subject, as you
know, there are certain symbols which are unique and can
only be obtained using a microcomputer with user-definable
characters. As before, the characters were first drawn out on
an eight by eight grid, and the resulting decimal number was
placed into DATA statements. Because there are a number
of characters to be defined, the READ and DATA are in a
separate FOR/NEXT loop.

The defined character with its corresponding keyboard
character is given in the following table. The keys ‘A’ to ‘L’
have been chosen so that a template could be constructed to
lay over that row of keys to help remind you which symbol is
assigned to which key.
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SYMBOL KEY CHR§
Superscripts
+ a 144
- s 162
2+ d 147
2— f 149
3+ g 150
3— h 151
Subscripts
2 ] 153
3 k 154
4 1 155
Here is the program which produces the Chemistry
subscripts and superscripts:
i1 REM CHEMISTRY SUBSCRIPTS
AND SUPERSCRIPTS
2@ G0 SUB Sa.
LSES INK 1: BORDER i1: PARAPER 5: ©
2@ PRINT IMNK 9;:%vGat into Graph
ics Mode, then try the Keys A

to L*

4@ STOPRP
asg@ DATA “A" .16,16.124,16,16,8,
.

S@1 CATR “S".0.8,124.0.,0.08,8a
S@2 DATR "D".34.82.25.54.114.@,
.83 DATA “FEY,32,80.23.32,112,8,
Y
Se4 DATA “6.114,18.55,18.114.9
’gég DATA “H",112,16.55,16,1128. &
;§SE DRTR “J4".@,8,e,52,80, 16,32,
§§3 DATA "K",0.0,0,112,16,48, 16
'

‘S@8 DATA “L".0.8.8.16.48.80.12@
L 16

SIHIFOR X=1 TO 9

5eg §§gnﬂng +a

53 =

54® READ s PBRE USSR R$+R.B

SE& NEXT

S5 NEXT x
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Here is a small sample of what can be written when the
program has been run. Note that a program to define
characters can be deleted once it has been run, as the
redefined characters remain even after ‘NEWing’. They will
stay there until you disconnect the power:

Chemical Symbol

T - Copperll Sulphata CusSDy

2 - IrenIII Suiphate Fag {S0O423
3 - Aluminium ion AL

Heutratisatiaon ce2action:
H¥ {aq) + OH— (agq? -~-> HaQ((L}

And if you wish to repeat this demonstration, here’s the
program I used to produce it:

12@? >PRINT "Cheamical“,TRB 22; "5y

m a ar

i2l@ PRINT "1 - COPPEFII Suipha

18" TRHEB 22; "C&SQ

.Laga PRINT "2 - IroniIlil Suiphat
" TRB 22; "Fe:; {50233 "% i

1@0@ PRINT ‘ “3 - fRlupiniuml 190,

Re 22" ‘AL } A

1@-‘3—@ F‘RINT e UNeuytralisation e

agtion:

i@ga F’RINT Rt taqy + OH— (aqy

- HaOD(LY ™

Molecular Weights

Our next program uses the defined symbols. The chemical
formulae for five substances are stored in an array. The
value for the weight of one mole of each of these substances
is stored in another array. One of the substances is chosen at
random from the array and at the same time a value between
@.5 and 2.5 is chosen as a multiplying value for the molecular
weights.

The student is given the formula for the chosen substance,
and the number of moles. He or she is then asked to key in
the correct mass in grams.

Once you’ve run the program in its present form, you’ll
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probably find a number of ways to improve it, such as (a)
making it more ‘friendly’ by getting the computer to ask for,
and use, the student’s name; (b) giving a score of correct
answers at the end, with a suitable comment depending on
the number scored; (c) by increasing the number of
substances; and (d) by printing on screen a page of atomic
weights.

In this program, I've used the standard approximate
values as used in C.S.E. and ‘O’ level examinations:

Calcium 40 Carbon 12 Hydrogen 1
Iron 56 Lead 207 Nitrogen 14
Oxygen 16 Sodium 23 Sulphur 32

In order to obtain the chemical subscripts and
superscripts, the previous program is embedded in this
program as you can see:

i REM HD\?CU%&{ we il
calcuta ns

i85 LET sSC=0 1ons

2R 30 SUB See

25 PRAPER S: INK 1: BORDER

188 FOR J=1 TO 1@

185 LET X=INT (RNLx5Y +1

331D LET ¥Y=INT ({RNDx5) x@.5+2.5
115 GCLS

iz2é PRINT INUERSE 1;AT &.8;"Pro
biem number ‘g

i25 PRINT "Qt‘hk Ut the mass in

Sht

arams of:-" _
A3@ PRINT INUVERSE 1;AT 4,2; "SUB
STANCE NUMBER OF MDLES™

138 PRINT AT 7.,.3:A$I{X) ;AT 7.2=2;

1480 PRINT INK 9:AT 14.0;"Key in
your answer to tha“, "naareat qr
aw then pres b INUERRE 1;"ENTE
Rul

152 LET ANS=URL {(BF (X)) Y
18@& INPUT Cs%

2658 IF C%="" THEN GO TO itce

i7@ IF CODE C&<<48 OR CODE C$»58
THEN GQ TO 1868

iAB® IF URAL CEANS — 8.00 DR URAL
CH >RANS + @.85 THEN &0 TO 258
2@ TLS

2@ FOR X=1 TO oS80 .

21& PRINT FLASH 1:A7T 1&.5; "you
are c<orrecul!*"

228 NEXT X

238 LET SC SC+1

23 NEXT

24@& GO TD vaae

2868 CTLS

k4

88



Using the Spectrum graphics effectively — Part One

263 >PRINT INUERSE 1;AT 1@,o;"T
an _sorfd. but you are mrwng"
52 SggﬁuNT "The answer is ;AN
3 Y

o272 PAUSE 108

288 GO Ta 2as
nga DATA "A",16,16,124,18.,186,0,
£@1 DATA “S".,@.,d,124,@, @
asga EATA "&",3*;5:;:3,34 154 &,
@3 DATR “F",32,8a,23,32,112,a,
a.@

584 DRATR "G",114.18,55,18,114.@
g &

‘SHE DATA “H™,112,16.55,16,112,8
B0

‘ShE DATA “U".Q,8,.&,32,82,18,32,
132

S&7 DATA "K', 0,8,8,112,16,48,186
Li12

‘E@s DATA "L",R.8,.&,16,48,80, 128
L 38

Slﬁ FOR ¥=31 TO =

S22 READ AS

=38 FOR A= TO 7

=43 RERDR B: POKE USSR RAf+A.B
558 NEXT A
S&8& NEXT X
&GO DIM A%

2
&
&85 DIM BS s X
518 DR USDy BHa O, 0G0y T, T
FETIT (50423, "PhiNDzla A s TNsORy
£5i8 FOQR X=1 TO _E
629 RERD Z%: LET RA3iXi=

h X
B33 DRATA “aBa”, "i1aa”, "4ddar, "331

B3 FOR X=1 T &

B4Q RERD T%: LET BS{{XY=Fs$

545 NEXT X

E59 RETURN

7RG CLS

TAS5 PRINT AT 2,3; "You scored ;
BC;" out of 1dT

Fi12 PRINT " ""Press apy Xex for
anather run®

728 PRUSE @

738 RANDDMIZE

F42 G0 TOD l1adgd

Pbenaz 2.5

Key 1o yous apswers te the
nearest gram then press SN
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HKey i yours IEES b EEE_ _EE‘EE -
nearest gram than prass 3T

¥ouUu scored 7 out ofF 1@
Press anuk ked fFafr another run

To make the program larger, more substances can be
placed in the array A$, by being tagged onto the end of the
DATA statement in line 61f. A$ should be redimensioned
accordingly in line 60f). The mass of one mole of the new
substances should be placed in B$, via the DATA statement
in line 630, and B$ redimensioned accordingly in 6(5.

The two FOR/NEXT loops should then be changed in
lines 615 and 635. These are the loops which read the DATA
into the arrays. Line 105 should also be changed so that the
random number ‘X’ is increased to allow for the extra
chemicals.

As it stands, the program only allows for .5 to 2.5 times
the mass of one mole, in steps of .5 moles. This is sufficient
for third year and C.S.E. Chemistry, but to make it more
difficult, the random number Y in line 110 could be altered.
For example, if steps of (.1 are needed, the line should read:

Let Y = INT(RND*25)*0.1 + .1

Other variables used in this program are:

J - counter for number of problems; set at 1f} in line 100
and can be changed if required.

ANS - this stores the correct answer and is generated in
line 150. To avoid problems with numbers not being stored
exactly in the computer, line 180 allows for an error of §.05
either way.
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CS$ - this is the answer entered by the student via line 160.
It is error—trapped in lines 165 and 17@ so that (a) the
computer will not just allow the ENTER key to be pressed
without an answer being entered and (b) the first element of
the answer must be a number (error trapping is discussed in
detail in chapter IX).

SC - holds the score of number of problems correctly
solved. It is incremented only if the pupil answers correctly
in line 230.
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CHAPTER SEVEN

Using the Spectrum graphics effectively
Part Two

In this second chapter on the graphics, we will attempt to
answer a question posed by many teachers: ‘What can you
do with a microcomputer which you can’t do with a
blackboard?’

With limited graphic capabilities, a monochrome
computer could rarely compete with a skilled teacher.
However, now that we have the Spectrum, with its high
resolution graphics and colour, there are ways of using it
with which the blackboard could never compete. The most
obvious area in which this claim is true is when a moving
display can impart information in a way which a static
drawing could not do. A wide range of subjects — from a
beating heart, to a four-stroke engine — can be shown in
motion by the Spectrum.

The Nitrogen Cycle

The following program is intended to provide a continuous
display. You have no control over the program, in its
present form, once it begins, although you can easily insert a
PAUSE § line to hold the display until a key is pressed at the
points in the program which separate one section from the
next:

I8 REM THE NITRIOLGEN OYLLE

28 BORDER &: PRPER B: IHK 1
igd CLS N
A@S PRINT INRKR 2;:;R37T 1,8, xxxxThs&
NITROGEN CYELE*;**“

13@ PRINT AT J,.3; N2 (72X of ai
fy e

A28 PRINTY BT F.8;"De-"7

128 PRINT AY &,.@;: " "Nilrirfiers"™
13@ PRINT AT 7.3i9; "Nilrocgen”
AZIE PRINT AT 8.19; CFEIiNers"

148 FDOR X=1 .T‘:\ H: PRINT IMR 7R

T 18-X,31&; "%’
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1S@ PRINT INK 7;AT 43X,18; "s":
PAUSE 20

155 PRINT AT i13-X,.1@;" =

J8@ PRINT AT &X,.18;" -

165 NEXT X

178 PRINT INK 2; FLASH 1; INUER
SE_1;AT_18,1R; "NITRATES"

.18@ PRINT AT 11,®;"Lightning--»

188 PRINT AT 13,17;"¢--Fertiliz
’-S £}

13@ FOR N=1 TD S: PRINT ¢ 7
T 1@+X,186; "&" TR 7R
@@ PAUSE 2@: NEXT X

218 FOR X=1 TO S: PRINT AT 12X
2185 PRINT INK 78T 15,15+X; "s"
.B2@ paUsE 2a: PRINT Af 5E. i51X;

228 NEXT X
238 PRINT AT 15,21,“Taken upt: R
T 16,21, by roots" ;AT 17.253;7)17
ﬁsm PRINT INK 2,; INUERSE’&;RT i
JA8; "PLANT PROTEIN®
Ena PRINT AT 1I2,i]; “Eaten to o

72 PRINT INK 2; INUERSE 1;AT 2
1518; "ANIMPL PROTEIN®
EBB FPRINT RT 19.,2; "Dead bodies<
“23e PRINT AT 20,3; " Faeces <-
"295 PAUSE S
39@ PRINT INK 7;9T 18,8; "t"
532 PRINT INK 27 INUEASE 18T 1
rar B,"Decnmp&serﬁ”

286 PRINT INUERSE 1;RAT 15,3; “NH

r-.‘\
P}

33® PRINT INK 2; INUERSE 1:87 23
I,B;"Nitrifiers”

338 PRINT INK 7F;RT 1i8.5;"s"

34@ PRUSE &2

248 PRINY 87 18, .

358 PRINT INK :,RT 11,5;“}"

IBEE® PAUSE B2

=68 PRINT AT 14.5;

3768 FDR X=1 70 3 PRINT INK ;A
T 3134-X,313; 7"

3ITS PRAUSE ©@&

382 PRINT BT 14-X,33;" “: NEXT
55 PRUSE Zee
388 IF INKEVS="" THEN £0 TO 1@

As is the case with many Spectrum programs, this excerpt
from the program gives no real indication of how effective it
is when up and running, with colour and animation:
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*¥%¥3¥The NITROGEN CYCLEX¥*%
N2 (79X of airl

De - Nitrogen
Nitrifiers Fixars

--Fertilizers

RIS Taken ugp
¥y roacts

Plotting

The Spectrum is also superb for graphing curves and
functions. Watching a shape unfold is far more dramatic
than just tediously plotting it out on graph paper, or simply
having it drawn fairly roughly on a blackboard.

The first example of this is a brief program showing the
polar equation of a circle in action:

o

REM POLAR EQUATION

FOR CIRCLE
i@ FOR R=@ TOD ZxFI STEF PRI SO
28 PLOT 115+50:L05 RA,85+50:=5IN

3@ NEXT R
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This one is, by contrast, the cartesian equation for a circle:

5 REM CRRTESIAN EUIATION
FOR CIRCLE

18 FOR X=-31 T 31

20 PLOT 115+23X,858+2:8aR (18068
~XxExX+13

SO PLOT 115+23X,85-2x80R (1806
- EX+11

48 NEXT X

A program to produce a graph of Y = X 1 2 produced this
result (with the listing after the sample run):

16 REM GRAPH OQF Y=X 5SQUARED
18 FOR X=-7 TOQ: 7 STEPFP .1

28 PLOT SxX+3128,3sXsX+1

3I0 PLOT 128 .23803X

48 PLOT 38zxX.,&

580 NEXT X
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To show that it is worth experimenting with a program
after it is up and running — as I have advocated several times
in the book, I worked on the scale a little longer, and
produced another version of the program:

18 FOR N=@ Tg 98 STEP .8
2@ PLOT 120,1.632N
32 PLOT S2+2xN, 0

48 NEXT N
sS@ FOR X=-182 TO i2 STEP .1

62 PLAT S#X+120,1+X*X
7@ NEXT

This is it in action:

%
H

L
A
2
»
a
.
LY
A Y
&
AY

This routine plots a tangent curve:

i@ REM TAHNGENT CURUE
28 FOR X=6 TO i=24
I3 PLOT 1.5:xX,93TAN (Xs6.05) +2

48 NEXT X

And this one a reciprocal graph:
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1@ BERINT "RECIRROCHRL GRRBREH®T
28 FOR X=1 TG 18 S7EER .81
3& BPLOT 18=X,180-X

4@ NEXT X

Sine Design

This program produces an evolving design based on a sine
wave:

1@ REM SINE DESIGN

1§ FOR M=1 TOQO B2

2@ FOR N=& TO 2855

38 IF M=1 THEN PLOT N,13@x5IN
(N-23)

38 _IF M=2 THEN PLOT QUER 1;N.,2
[RFITIN (Ns22

48 NEXT N

S@ NEXT M

Bouncing Ball

The next program is hard to explain, although the
explanation should make perfect sense once you see it in
motion. You need to imagine that a ball (which shows a
remarkable tendency not to lose energy) is bouncing on the
screen. At precise time intervals, a light flashes, casting a
permanent, sharp shadow on the wall behind the ball. The
ball moves slightly to the right as it bounces, so eventually it
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leaves the screen on the right hand side. The program
produces the pattern left on the wall by the captured
shadows:

18 REM PRATTERN LEFT BY
CONSECUTIVE POSITIONS OQF
A BOUNCING BRLL AT REGULAR
TIME INTERUALS
28 FOR N=8 TO 25@ STEFR .1
38 PEOT N,1Z30:C05 N
4@ NEXT N

!HNI:I"F{#!I"S:‘flll SELRTOASREELILE RIAAT2IRE RN RL LR LN LA AT 20N)

CAY >

If you want to see the ball in motion, add line 35:

2@ FOR N=@ TOo 288 STEP .1
3@ PLOT N,.13@:C0O05 N

38 PLOT OUER 1:N,13@x2C05 N
48 NEXT N

Scatter Spiral Plot

This program produces what I have called a ‘scatter spiral
plot’. Using a random step size, it first plots, then ‘unplots’
(using PLOT OVER !, see line 25) a Catherine-wheel-like
design. You’ll understand what I mean when you set it
running. You can leave this program running for a long
time:
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S REPM SCRATTER SPIRAL PLOT

B LET R=RHND:+@.285

7 FOR &=1 TOQ 2

18 FOR A=PI TQ 23zxPI STEP R

2@ IF S=1 THEHN PLOTF 125:+0.233R%
SIN A, 884+0.9xRF008 B

25 IF S=2 THEN PLDT DUER 1,128
+B3.9xAx5IN A, 2.8x03xC05 A

3@ NEXT A

48 NEXT &8

Shapes

Now we’ll look at ways of making five useful shapes with the
Spectrum. You may well find you can use these shapes to
‘dress up’ the graphic display of your programs:

(4]
o
~
u
-
1]

-,
ey,
o
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Square
1@ DRAW 156,58
28 DRAW &, 158
3@ DRAW -15&.0
48 RAU &, -15@
Qkiong
i@ DRAW 2488
28 DRAL a.l1ad
32 DRBU -Z2408.,8
48 LRAY &, -10e
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Semic
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Trianale

&

129,15
DRAW 128, -15
oRRAY -235.8

18 DRAW

2
30

ot
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If you are dealing with young children, a card to help them
program (as explained in the section of the book on using
the computer in infant school) can be of great help:

quina Sl'\Q\OeS

CIRCLE — Use Key H DRAW — use keﬂ w
circle. O
] 10 of5ieoPy 75 enrer
ﬁiqnsle, PaN
12 DRAW 120" 150 EnTeR
22 DRAW x:LoE‘“E syneot | | §@  ENTER
3@ DRAW 9_35® ENTER
Square O
1@ Deaw 1509 @ ENTER
2.8 DRAW @ ¥ ! So ENTER

30 Draw 150%@ ENTER
42 peaw @mﬁ‘ﬂ 15 ENTER

Oblona —

1o DRAW 240 5o enTek
2o Denw ) i ShTeR
30 praw  Ptsl 94 0[N0 ENTER
Lo DRAW Oy P o e ENTER

Text Manipulation

There are a number of ‘tricks’ you can apply to text output
to make it more interesting on the Spectrum, as these next
four routines by David Perry demonstrate.

The first Perry routine turns writing upside-down:

1@ INFUT “"ENTER A WORD",;a%: IF
LEN a$:3@ THEN GO TO 1&
15 PRINT AT O.8:a3%
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20 LET z=166: FOR a=167 TO i7E
30 FOR n=@ 70 (LEN a%xb5}
4@ IF POINT (n,a3)=31 THEN FLOT

NsZ
"B@ MEXT n: LET z=z-1: NEXT a

This one allows you to write sideways:

1@ INPUT “ENTER A WORD“;a%: IF
LEN 3$:>20 THEN GO 70O 10
15 PRINT AT 0,0, a%
TEEG LET z=0: FOR a=175 7O 188 &
36 FGR n=(LEN a%x2)} T O STEP

48 IF FOINT (nh,al)=1 THEMN PLOT
Z.n
S8 MNEXT n: LET zZz=z-1: HNEXT a

The third routine puts a frame around your words:

18 BORDER ©: PAPER ©: INK F: C
LS

2@ INPUT “WORD? ", a%

3@ INRPUT "X-Co.";x: INPUT "v-C
oLy

4@ PRINT AT X,4,3a%

5@ LET c=((LEN a%)x8): LET a=
Bx4) —-2: LET b=(8x{21-X) -2} .

E@ PLOT a.,b: DRAW Cc+4,08: DRRAW
Z,12: DRAW -¢-4,0: DRAW 0, -1Z=

And the fourth and final Perry routine allows you to write
in large letters on the screen:

2 INPUT Do uocu want pormak L
sttiers 11} O©F InVErse oREs (FFT

S‘IF Z»=2 THEN LET Z=8
1@ INPUT “Enter yousr word {(no
more than four Letiers) “: RS
2% LEP T OhnCagict
3I® FaR =58 TO I?S FOR ¥Y=22 7T

IF POINT (Yiﬁ)=2 THEN PRINT

4
AT X-i56-210.Y;: "
S8 NEXT Y: NEXT X

As you can imagine by looking at this printout, it can be
very effective:
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e ry
==

Character Generator

Finally, in this chapter, we have an outstanding character
generator program, again written by David Perry, which
should make your job of producing the most effective
displays simpler than it would otherwise be.

The program has a large number of commands. You move
the cursor with the 5, 6, 7 and 8 keys (in the direction of the
arrows above those keys). Key f fills in the block the cursor
is over, or ‘empties’ an already filled block.

You can pick up, and alter characters at the press of a key,
invert the character presently on the grid and SAVE the
characters on tape for your own programs.

When you run it, you’ll see the program contains full
details of the ways in which it can be used, along with clear
instructions on which keys to use.

18 REM CHRIRBOCTER GENERATOR
DRV I PERRY 1933
28 BORDER 1: PRPER @: INK 7: 8
RIGHT 1: CL&
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38 PRINT @~ A B CDEFGHTI.J
KoL M N P

48 PRIMT - eawNERBRXOEH
€3¢ T MR

5@ PRINT BF‘: IGHT S; IME 5.7 eI
NARY - IMUERSE MORMSL T
8@ PRINMT "@i234858738 @I234886

78 @1234S5873"
7a OIN z (R, )
80 FOR n=1 ToO &
88 PRINT n; INK 220008030
“; IMK T;n; INK S; NS
INK Tin
188 NEXT n
116 ©O SUBE 838
128 INPUT "¥-Axis {1 to 81" . B:
IF b38 OR b+l THEN GO TO 12@
130 INPUT “¥-@wis .01 tn_&17 Q-
IF a>8 OR a¢1l THEN GO TO 138
142 PRINT AT a+3,b; INK 4;"%X";nR
T a+3,b+13; "X"; AT a+3,b+23; "X
15@ LET zs IMEEYSE: IE KE="" THE
M B0 TO is@
16@ IF (KR$="0" AND z (a,b) =@} TH
EN LET z(a,b)=1: GO TO iaa
170 IF (h&="@" AND z (a,bl=1) TH
EN LET z{a,b)=0
188 1= z13, bl =0 THEN PRINT AT A
INK 2.7a“;AT A+3, B323; Inw
5,“*“'97 R33,8323; PAPER B~
140 IF z(a,bl=1 THEN PRINT AT a
+3,b; INK 7] 71"AT a+3,b6313; PAP
ER'@." ", AT a13, b+23; INx 3! -@"
200 LET a=a+ (INKEY§="6" FRD a«s
1S (INREYS="7" AND a1}
210 LET bz=b+ (INKEYS="3" ANC b<¢8
) S CINKEYS$="5" AND b>1)
22@ IF IMKEY§="p" THEN COPY
53@ IF INKEY$="&" THEN GO SUB S

gd-@ IF INKEY $="9" THEWN GU TO 18
250 IF INKEY$="i" THEN GO TO 96
26@ IF INKEY$H="r" THEM GI3 T«
270 IF IMNKEYVSH="x" THEM &GQ TO 1
28@ IF INKEY$="c* THEM GG 3UR
298 IF INKEY$="d"” THEMN GO SuUB
iBBB IF INKEY%="a"” THEN GO 3SUB
318 IF INKEYH="e" THEN GO SUB
328 GO TG i4@

33@ CLS : RUN 3@

340 LET z%="": INPUT "Lettler fo

r character? ",;D%: IF dg<"a“ OR
dg»"u" THEM GO TQ 340

L
L

[ U I T R 1
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358 DIH ag IS /)

6@ FOR =1 T &

37@ FOR 4y=1 TQ &

38@ LET as(x,u)-SCREENs (X+3,491}
398 NEXT 4J4: NEXT

482 FOR #=1 TG &

41@ LET =%=""

42@ FOR u=1 TO &

4308 LET zgf=z%+a${vw ,4y?

440 NEXT 4

45@ LET no=0

486@ IF zgil)="1" THEW LET no=na

47@ IF zg(2)y="1" THEM LET na=no
48@ IF zfH(3)Y="1" THEN LET no=no
490 IF {42 ="1" THEM LEY nce=Ra
S8 IF z%(5)="1" THEN LET no=noc
S1@ IF z4(8)="1" THEN LET noa=n{
5280 IF z%(7)="1" THEN LET no=no
S30 IF z&%(8)l="1" THEN LET noc=nt

540 POKE USR dég+x-1,no

550 PRINT AT x+3,9; FLAEH 1,;,nD;

FLASH @; (" " O AND no<<=99)

236 PRINT AT 1,2, @ @ h W@ =

r

XompBe»ee 'a r

580 RETURN

89 CLS : PRINT AT 20 .,@; CHET
K LERDS ,START RECORDER -

&E@0a@ INPUT “MNAMET?" A%

510 SAVE RHICODE USSR "R, 1683

628 RUN

630 PRINT AT 13,1; "I=INUERT CHAR
RACTER"

&40 INK &: PRINT AT 14.,1; "S=5R4
E CHRRRARCUTERS"

&50 PRINT AT 12.,1;"a=FILL EHMPTY
BLOCK "

55@ PRINT7HT 15,1; "P=FRINTER COC

NE?G PRINT QT 15, 1; "R=STRART AGAHRZX
&80 PRINT AT 17.,1; "C=DEFINE CHR
RACTER s

6528 PRINT AT 18,1; "X=CHANGE CO~
ORCINBTES®

70 PRINT AT 19,1; "D=INPUT DECY
MAL. DATAR"

710 PRINT AT 2@,1; "R=FPICH UF N
CHARARCTER™

20 PRINMNT AT 21,1; "E=ERASE A CH
ARACTER"

738 RETURN

T4E2 REM pichk up
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75@ INPUT “Character to pic
R to U, rgs: IF rg>"a” R i3<"
THEN GO TO 75@

768 LET rg= r$11 TO 13

770 FOR g_e TO

788 LEYT =& =REFK LHﬁP 4

792 LET L=128

800 FOR ®=0 TO 7

810 LET t=INT (s.-L}

82 PRINT AT y+4,x4+1; INK 2; ("@&
* OAND NOT t=1); IMNK 7; (1" #8ND M
oOr t<>1}

8328 PRINT AT y+4d,%X+14; INK S; ("
W' AND NOT t=1}; PRPER @; (" Ar
O NOT te>id ,

84@ PRINT AT y+4d,x+24; PRPER @;
(" ° AND MOT t=1); INK 3; ("B" AN

D NOT t<>1)
845 IF SCREEN £ 4,x+1li="a" TH
d.,x+1) ="1" TH

"

)
1
85@ LET 5=%
1

PRINT AT N3,

89@ INPLIT * is 1t _RY UV B
IF b8 OR b<l THENM GO TO 133

aga INPUT "Y-Axis (1 tg 8),A:
IF a8 DR a<l1 THEN GO T 158

910 RETURN

Q2@ IMPUT "Character to ERRASE 7
“;d%: IF d&<"a” OR dé&r"u” THEN &
O TO 926

Q3@ FOR F=8 T 7: POKE USSR dX%+F¥F
Bio BRINT AT 1,0;" @ & b 9@ B
] hy ; e L u
XKOBEE€F* T8 2

a95@ RETURN

ag@ FOR u=1 TG &

Q7@ FOR =1 TO S

A8 IF SCREENG (U433, F) =@ THEN
GO TO 1@1@

9@ LET zi{u,fi=2: PRINT AT usld,
f; IMK 2;"@" ;8T u+3,f+13; INK 5,
"B, AT w4l ., F+23; PRAPER &, v
18@@ GO TO 1@2e

181@ LET zZ(u,fl=1: PRIMT 8T u+3,;
F, INK Z:"J37:.8T7 45,213 BARER
;" ;AT u+l, F+23; INK a3; B
19028 NEXT

1838 NEXT u

124@ GO TO 1z2@

1258 CLS PRINT ik PERINT R
@Ra& PRIMNT “MOE": PRUSE @: CL3

1@68@ INPUT “LETTER ¢ " L%: FOR ¥
=@ TO 7: INPUT “"Decimal?® ";=: RO

L7
KE USR L&$+F,8: NEXT f
;3?@ PRINT AT 1, a,"Ai & h VB2
XOBB €» % F H R R §
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CHAPTER EIGHT

Using the Spectrum for English and Other
‘ Languages

The computer is a little more limited in this area than in the
maths one, although with care and patience, you can
develop programs which will be of benefit.

Spelling Program
I’ll start with a spelling program which can also be used as a
foreign language drill program. This program stores 12
commonly misspelled words, and gives 10 questions on
them. Once you have the program running, you simply need
to alter the DATA statements (from line 250) to change the
program.

To use it for foreign language drill, simply change the line
which begins ‘“Please choose the correct spelling for . . .”
(line 11§) to something like ‘“Please enter the French word

for .. .”.
Here is the program in action:
Plaagse choose the correct |
spetling from the atiernatives
and type it in {(in capitat
tetters)
RBSENSE
ABSCENSE
ABSENCE
Your spelling was RBSENCE
Wetl done, RBSENCE
is correct

You have 1 right
aut of 1

Pilaase stand by...-
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PLaase choose the correct i
spelling from the allernatives
andg tupe it in {in capitat
tettars)

IRREPARABLE
IREPRRABLE

IRRRPERABLE

yYour speliing was IRREPERABLE
But that is wrong.

The correct spettlting is
IRRERPREABLE

¥ou have 1 right
out of 2

 PlLeaase stand by....

choose thea Carcact
19 From. the 3itterpmpatives
? it in {in capitat

by
BT -
mOmm
e 1]
M mein
ﬁCrm

UNDERRATE
UNDERRATE
UNDERRIT
Your spelling was UNDERRRATE

Hetl done, UNDERRRTE
iz Correct

You have 2 right
out of 3

Please stand bWe.aa.

And this is the listing for it:

i@ REM SPELL ING

15 RANDOHMIZE

28 LET SCORE=8

25 DIM Fs(l11,7)

38 FOR H=1 TH 1@

48 RESTORE 25Q3+1@3INT {(RNDxQ)
&2 READ A%

&8 FOR T=1 T H
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&6 IF RND>.S THEMN IF FsiT’!{ TD
Pl=FR%i{ TO 7Y THEN &0 TO 4@

T@ NMEXT T

75 LET F$iH} =R%

5@ READ B$

ad READ TS

188 RERD DF

119 PRINT “Pleasze choose the CO
rrect a2petiing from the at
te-natives and type it in (in C
apitat tettersy ™

i2& PRINT "R

130 PRINT ‘Cs

i4® PRINT D%

1S58 INPUT ES

éis PRINT “Your speiting was

ice IF E$=R$ THEN PRINT “"“Uell
done, ", E%,."3is correci: LET 3CD

RE=3CORE+1

178 IF E$<xRA$ THEN PRINT “bhut t
hat 3s wr ong."" " "The correct spe
lling is " ,8a%

18@ IF SCDREsB THEN PRINT *"V¥nh
4 have ",;8CQRE;"™ right"” “put of

s B
i19a PRINT ~° FLASH i1;"Please st

895 INPUT a%: IF ajs<>"" THEN CD

288 PHRUSE 26

218 CLs

238 JEir"

= TT YUY RN managed 1o s
2il “,S5CORE - “"wonsd corregt ty™ P
=48 STOPRP

B DRATA “ABRSENLCE” .  "RARSENSE™."H
BECEN3E" . "RBRENQE "™

260 DATA “"BELIEVEDR” ,"BEL IEBUEDY,
“BELEIVEDRY , "BEIL IEUEDT

27 DARTAR “L*ER‘_LE‘FIGUE‘S*', *LDEEAGUE
S L,U"COLLERGUES” , "Ll EneES™

28@ BATAH "CWQRQ‘EIEIE"}"EMQRH
IIUE* SCCOMPARITIUE", "CONPRRFTFRVE

288 DATA “"CORROBORATE", 'CORROBD
RRATE" , "CORDBDRATE" , “CORRDBORRATE

302 DATA "IRREPARABLE" ., "IRREPARR
RBLE™ , "IREPRRABLE", " IRRBPERABLE"

310 SaTA "RES—‘LQLEBE&LE" “REPLRCH
BLE” , "REPLACERBRLE", ~REPLAC IBLE"

328 DATA “PARRBLLEL Y ,"PARALELL"
“PARRELEL" , "FARAARLEL "

3538 DATA ~UNDERRATE" . TUNBERRTE®

» TUNDERRATE™ , "UNDERRIT™

‘3a4® DATA TUNNET ESSARY ", "UNECESS
ARY " . "UNNECCESSARY " & TUNNECESSARY

S58 PATAR “LIDDLL ENY , ULHDDRLER™ , LD
QLLEN", "HODL XX
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368 DBRATR T"DISCREFRNCY ™, "DISCERE
sﬁNDY" : TRISCREPENDY ™ “ﬁ.’f‘-tL REPANLE

The words used in the DATA statements were chosen
from those words which are most commonly misspelled.
Here is a list of several such words, from which you can
create other spelling tests:

absence accessible accommodate
accommodation achieved acknowledge
acquainted acquiesce acquiescence
addresses aerial aggravate
aggregate agreeable analysis
analyses ancillary apparent
believed beneficial budgeted
category ceiling chaos choice
committee competent connoisseur
courtesy cursory deceive

definite dissatisfied embarrassed
exigency expenses extremely
fulfilment gauge grievance
guardian harassed independent
instalment irreparable

knowledge liaison maintenance
misspelled naive negotiate

niece noticeable omitted

parallel permanent preceding
preliminary professor

proprietary psychology
recommend regrettable replaceable
scarcely statutory supersede
tendency twelfth underrate
usually valuable withhold

If you want to modify this program for younger students,
for whom the most-commonly misspelled words would be
too difficult, you can replace them with words from this list
selected from the most frequently used words in English:

which her had from they their

has were been will there who when
what your more would them some
than may upon its out into our
these like shall great now such
should other only any then -can
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about those made well old must
said time even new could very
much own might first after yet

Anagrams

The next program in this chapter is an ANAGRAM one
written by Derek Cook. It contains full instructions, and is
designed for use by children in the six to nine years age

group:

22 PAPER & TLE . PQPER 2. INK
&

2360 PRINT AT 31@.3.;"Do 4ou know
about RNRGRRHSG"

228 PRAULSE i1a@: CLS
qua BORDER 1: PAPER 7: INK @: C
206 PRIMT "You ts3Kke a2 wsord:®
SAE& FOR a=1 TOo &

31% READ 2.,a%

228 INK a: PRIMNT AT 5,12+3;a%
S30 DATA 1,"RY ., Z,VE",S," &Y 4,8
";5.. “L“JE,‘ I!Tll

340 NEXT 2

3458 PARUSE l1ae

S50 INK 6: PRINT AT 5.0, “and mi
X the letters up: "

SE@ RESTORE 466G

ST FOR z=41 TO &

SEG REBD b, b4 %

S8e INK b: BEEP .1.z: PRINT AT
6.12+Z, b5

398 PALUSE 5@

4@@ DRTS 4,“U“ S, L,3,"5",6,"T

alEu . -‘-.F "R 1Y
41a NEXT =
420 RESTORE 458

446G INK ¢: BEEF .1.,49: PRINT AT
45@ DRTR \'3'::L.‘[‘:‘l‘.‘L“"S)“S“JB".T

o
47 RESTORE S50
475 FOR x=1 TO &
480 REAL d.d$
49@ IMNK d: BEEF .1.x: PRINT AT
8,12+, d% R
qa@ DRTR 1 P IIRI\ IlL‘a\ . 3} I\S\l » 5" IIT
’5, liL\l’d.' IIEII

S12 PRINT AT 12.3;"to make othe
r_werds"

518 FPAUSE 208: CLS @ BORDER 1:
PAPER &: IMNK 2
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52@ PRINT “"The computer can mak
e anagraas For dou bBut most of
them wWill benonsense words”™
528 PRINT AT 5.,8;"For instante:

Uggg FLASH 1: PRINT AT 7,313 "STR

85535 FLASH 6: PRINT AT g,V Is t
here a8 SUTLERT Look it up inthe
dictionaryg!"

S4@d PRINT AT 11,0, "Nonsense wor
ds can be fun,make Uup yoUur oKn
meanings for themn. IfF you want
me tO mMake sompe anagrams for

yaw , . press ENTER™

S0 INPLT 4%

568 CLS

& RANDDOHMIZE

6= PARPER @: CLS : PRPER 2: INK

(=3

6l1G INPUT "Tupe yous word., then
press ENTER". 2%

523 LET L=LEN &

t
{AMND L 43
2 =@ THEN GO TO 7
728 LET b2, ‘B“
73 PRINT b$t
T4 HEXT o
Y50 PRINT .
768 MNEXT n
77 BOGRDER 1: PAFPER B: INK 7F: F
LASH 1: PRINT “pirass ENTER for i
nstructions™
788 FLASH B:. INPUT i %
7@ IF ig="3i° THEM GO TQ 2@
80@ CLS : BORDER 3: PHPER S: IN
N &. BRINT HT E.8; “Eﬂ*e*-
S1@ PRINT AT 7,91 FOr another
43 anagramkms ©F theaame word

2 for anagran

5’

s of another ward
S toe say Good

—byE"

Soda INPUT P

8382 IF p=31 THER &GO TO B28

&4 IF p= ” THEN &GO TO E€8E

85@ CLS : BORDER 4: FAPER 3: 1IN
K S5: PRINT AT 11.,12;"dogo-yhbe”

Faster Reading
The final program in this chapter, written by Gordon
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Armitt, is designed to aid in developing faster reading
speeds. Here is the program in action:

NOW ENTER THE LETTERS YoU 3RuU

Mu letters were RIUE
Yours were REUR

No, you are wrong
You Lose 1@ puinisnt
¥ou have -1@ points

Stand by rfor a new test

NOW ENTER THE LETTERS YOU SHEWE

My tetters were TSOE
Youirs sece THOE

Yes, wou are right
You score 1@ pointst!
¥ou have 4@ points

Stand bY for a new test

NOW ENTER THE LETTER: YOU SRR

My tattars weve WUJIFC
Yours wevre UJFC

Yas, 4ou are right
Yo scove 18 pointsd
You have 58 poinils

YOU'UE PRSSED WITH FLYING
COLOURS!
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TYPE IN THE NUNMBERS YoU 3RU

4119 411854

You arcre NEERE
tose PBY pOoints

¥Your Score is -1é
STARND BY FOR B NEW TEST

And this is the listing for it:

i@ PRINT “ PRACTICE FOR FRASTE
R RERADING"

A8 PRINT " —---—--————————---

2@ LET U=e

30 PRINT AT 12.0; "PLERSE INDIC
ATE IF YDU WANT NUMBERS
DR LETTERS"; AT AS.5;“"ENTER N OR
L!l

4@ INPUT D%

B8R INPUT “ENTER A NUMBER BETUE
EN 1 BND 9 FOR THE SPEED DOF vyQU
R TEST. 1 IS THE FRSTEST U
£

BE IF Z<1 OR Z:9 THEN GO TO @
7 JIF Dg="L" THEN GO TO ca@a
218 FRUSE 88: CLS : PRUSE 1&
238 LET M=INT (RND{{10+5)1)
232 LET P=INT (RNDx28}
234 LET @=INT {RNDszZ)
248 PRINT AT P. &M
258 PRAUSE 25xZ
26@ CLS
a27a PRINT °““"TYPE IN THE NUHBER

8

292 PRINT RT 10.8; A, TAE 18: M

2800 IF A=M THEN LET U=U3+i®: PRI
NT “° INK 2; PRPER &; FLASRH 1;"Y
au are _corfect and yoy scarse ”
{{ENUEREE 1:.3@; INUVERSE @:;*" poin
B31@ IF A4>M FTHEN LET U=U-3IR: PR
INT " ° INK 1. PRPER 7. FLASH-1;"
You are ; INUWERSE i;“URONG™: IN
VERSE @:" and So you™,“tose s I
NUERSE 1:1@; INUERSE O;" poinis®
:QE?UPRINT AT 18,.8:"™Your score i

= *
38R IF U=-38 THEN PR * i
HIT ROCK BOTTOM! “: S%gg YOUTUE
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B8 IF U=S@ THEN PRINT “YDL'UE
PRSSED WITH FLYING™, “COLOURS!™:
=)

S29R PRINT ‘“STAND BY FER 5 NEW

4G@ PAUSE 309

41@ GO TO 210

228 BRlsETIIENS
: CLS : PAUSBE i@

8§28 LET RAS=CHR$ {(INT {RND 28 +B6
S +CHRE (INT (RND$281 +65) +CHRS (
INT (RND*286) +65) +EHR$ {(INT (BRND %
26 +6852

63Q@ LET P=INT (RNDx287

B4R LET &@=INT {(RNDs2®

688 PRINT AT P,.&;: RS

68 PRUSE 28sZ

B7& CL&

688 PRINT "NOWL ENTER THE LETTER
S5 _¥You SAWT

B3R INPUT Bs

78@ IF CODE B%<65 OR CODE B3>9@
QR LEN BS%<>4 THEN GO TO &go@

7i1@ PRINT " ""My letlers were ";
R%° "Yours were “.;B$

72@ IF AS$=B% THEN LET U=U3l@d: P

RINT ““"Yes, uou are right”" " "VYobD
U score *“; FLASH 1:316; FLASH 8,
pointsl ™

38 IF RAS<«>B% THEN LET U=U-10:
PRINT *““NO. 4YDU are wrong™ " ""“"wo
it Ltose *; FLASH 1;18B: FLASH &
points!™

738 PglgﬁT*;You hgvi *; BRIGHT
:vU: BRI it points™
e BETo N @’ ThER PRINT “YOU'VUE
MIT ROCK BOTTODM!“: STOP

760 IF U=S@ THEN PRINT "YOU’UE
PASSED WITH FLYING®, "COLOURS!™:
STOP
228 PRINT *°*““Stand Py for a new
test™
@@ 0 TO 61i@



CHAPTER NINE

Error trapping

Good computer programs contain mug-traps. Mug-traps are
devices inserted in programs after inputs, designed to reject
the entry of inappropriate data.

Many computer programs will crash if through operator
error, or malevolence, the wrong kind of information is
entered. For example, if a program expects a numeric input,
and it is given a letter which has not been previously
assigned as a variable name, the Spectrum will stop with a
‘variable not found’ report message.

There is an old saying about how difficult it is to make
things foolproof ‘because fools are so resourceful’.
Unfortunately, this is the way the world is made. No matter
how carefully you try to put mug-traps into your programs,
you’ll probably find some student manages to find a way to
make the program crash.

The ‘Molecular weight calculations’ program in the first
graphics chapter of this book contains a good example of
error-trapping in lines 160 through to 17¢. Here is the
relevant section:

158 LET ANS=UAL (B$iX) ¥

I&@ INPUT C% )

1658 IF C$="" THEN 5O TUO 158

i7@a IF CODE C%<49 OR CODE C%»S8

THEN GOt TG 160G

ig8@ IF VAL CS$<ANS - 0.85 GR uRAl

CEH >ANG + B.25 THEN &0 T7TQ 25@
28@ CLS

Although the computer wants, eventually, a numerical
answer, it asks for a string. As you learned earlier in the
book, the Spectrum can convert a string into its numerical
equivalent by use of the function VAL. It is easier to reject
string input than numeric input. Whereas entering a letter
when numerical input is expected will either cause the
computer to crash immediately, or to carry on with what
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might well be a totally arbitrary value, a string input can be
carefully checked before it is accepted.

In the program fragment printed above, line 165 rejects
any ‘non-input’. That is, if ENTER is just pressed without
an answer being entered, line 165 will immediately go back
to 16¢ for a new answer. The next line, 17¢, checks the
CODE of the entered string, and if this number does not lie
between 49 (the CODE of ‘1’) and 58, (the code of ‘9’) the
input is rejected. This, at least, rejects input which does not
start with a number. It does not, and this is where the
resourcefulness of fools’ comes into play, reject input of the
form ‘12z’ or ‘9tricky1’.

Matchsticks

The next program — Matchsticks — is a variation on the old
Nim games, in which players take it in turn to take matches
away from a pile of them, with a limit on how many can be
taken each time, with the loser being the player who is
forced to take the last one.

It is included in this chapter as it contains some traps to
catch bad input from the player. It is a little more difficult to
crash this program than it is to crash the Molecular Weights
one.

Enter it, and run it a few times, and then we’ll discuss
ways of making the program more robust:

Matchslicks

The most you can take is &
i 23 45 867899 1
11 iz 13 is4 158 38
17T 18 1|8 Z2a
23
O, Yot take 3
I"LL take £
19 REM Matchsiticks
28 RRNDOMIZE
S8 LS
48 LET M=D
58 LET E=&
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£@& LET Z=INT {(RNDx&Y +18

FTE IF 2$INT {(E23=F THEN LET Z
=Z+1

S8 LET H=03+IKT iRHD:34)

S8 Lo

I0E PRINT AT 3,18 "Matchsticks"™
118 PRINT AT 5,8 "The most yogu
can take is FLASH ;08

3128 S0 3[uB 328

1TE IF E>& THEN PRIMNYT AT F.83; Y
o took U FLR‘;H 1:E; FLASH B "
ang I took : %%ﬁ" &

135 PEINT

14Q FOR K=1 7O T: BEEF .Q3.,.2=xK

1S58 PEIA PR IF RN .8 THE
N PEINT

158 NEXT K
17@ G0 SUB S2e

358 INFUT "How many Jda you want
ra takeT V;ES

185 IF LEN E#>1 THEM o0 TOE 180
1866 IF E$<"I" OR E%:"9" THEN GO
TO 182

187 LET E=URL E3

i9@ IF EsH THEN PRINT “You can-
1 take that mary™: G2 To iS8
2E@ IF B2 THEN PRINT “There ar
& not that many leftc: GO TO 18@
231@ PRINT : PRINT “OK, uyou take

=28 LET Z=Z-E

230 G0 SuBR 328

24@ IF <1 THENM LS : PRINT AT
5.8;:7You tack the 3ast one ., so
I'm the wanneri”: PRINT : BPRINT
*Thanks far the gamseT: SITOPR
258 LET R(=Z-I-INT {{Z l):fH+1}3
®FiHW+31Y —INT €RH&§E}+INT {RND %21
WEEB iF <41 OR Qk:H THEN GO TO =T
&

i

mE?@ PRINT :: PRINT "ILlL take :
2785 &0 5UBR 3|

=2g8 LET Z=Z-a

2368 IF <1l THEWN CLS PRINT AT
5,87 took the {35t one".,." =0 yo
i are the winped!™: PRINT :: PRIWN
T FLHAESH 1;"Weslil Jdoney: ST

3IBe Go To o

328 REM Delay subroutine

F3E FRINMT

STE FOR RBR-I T iay REXT 8

J
}
5
i)
|

{
o
s
n
)
4
4
b

You’ll see when you run it that each new screen includes
the message ‘““The most you can take is . . .””. It is worth
reminding program users of any limits which exist on their
input. And it does not matter if they are warned of this limit
several times during the running of a program. So line 11§

A



Error trapping

prints up this message every time, thus, hopefully, stopping
wrong input before it begins.

Line 18() asks for the input from the player as a string. The
computer knows (because the game is set up in this way) that
the input must be a single digit, between 1 and H (which is
assigned in line 8):Line 185 checks the length of the entered
string. If it is greater than one (as it would be if 2RD2 or
3CP0 was entered) this input would be rejected (although,
as we saw above, it would have got past the previous
program mentioned). Having passed this hurdle, the entered
string is checked for ‘size’. Sinclair BASIC allows
comparisons of ‘greater than’ and ‘less than’ to be made
between strings. If the string is less than ‘1’ or greater than
‘9’ the input will be rejected. This effectively gets rid of all
non-numeric input, as it will also reject a null-string (which
you get when you simply press ENTER without previously
entering anything). It will also reject a press from the
SPACE/BREAK key. '

Finally, in line 199 (after E$ has been turned into a
numeric variable, E, by line 187) the value of the entered
number is checked against the upper limit, H, to see if the
entered number is acceptable.

While the program is far from perfect it does demonstrate
the degree of robustness which you should aim at in
developing programs for school use. Once you have your
program running, and have made its display and
‘conversation’ as pleasant as possible, you may well wish to
have a look at all the inputs, and make sure they have at
least some degree of robustness, so a mistake (or a wilfully
wrong entry) does not bring the whole lesson to an abrupt
halt.
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CHAPTER TEN

Multiple-choice quiz programs

There is a tendency to look upon the Spectrum and other
microcomputers in schools only in the light of what they can
do which is now done in another way. It takes a mental jump
to look for things which are not being done in your class
right now, but which can be implemented relatively easily,
now that you have a Spectrum on hand.

Multiple-choice quiz programs are among the easiest to
write, and because of this, predominate in commercially
available software. As well, multiple-choice programs are
those which are most generally criticised, as being a waste of
computer potential. But this need not be the case.

Much software of this type does deserve criticism, because
it is too limited, and perhaps not closely enough linked with
class material. We have a major program in this chapter —
Multiple Choice Master — which provides you with a
program which will generate up to lﬂ% questions (on a 48K
Spectrum, with a maximum of 15 on the 16K machine), each
of which can support up to six different answers to choose
from.

As well, the number of answers to choose from can
change from question to question. The program has been
deliberately written to be as flexible as possible, to allow you
to use it in whichever subjects you choose. The program
supports a full sentence question in each case, thus getting
around one deficiency of many published programs in which
the ‘question’ is reduced to ‘Synonym for . . .?".

This program has been proved very useful in practice, as it
can be used for practically any subject, and for students of
any age. It is self-prompting, and you should have little
trouble in using it, and adapting it where needed, for your
own subjects. The screen displays during creation of a test
are designed to lead through the steps required as you can
see from these samples:
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HORLD CRPITRLS
R R R
HOW MARMNY QUESITIONST MRX. l1aa:

ENTER QUEST IGND RNIUERS AMD THE
CORRECT CHOICE 25 RERUESTED .8NY
ERRORS MYy BE EUDITED LRTER.

MAXIMUNM LENGTHS: = 88 CHRRACTERS
FER QUESTION, RMD S& CHRRROTERS
PER ANSUER.
Press [ESEiEd

M. OF CHOICEST X X
UHART IS THE CREITRL OF RUSTREL IS

ANSUER (R HELBQURNED
ANSNER {31 SYLNEY
ONSUER (T CENBERRR
CORRECT CHQICE®Y

QUESTION HG. =2

MO. GF CHQICEST MAX. 0}
NAME THE CRPITHL OF ROHARNIR
ANSUER (2 BUCTHRRESTY

ANSUER D HIRDRIT

COoORBEDT CHOICET

HUESTION NO. F

NO. OF CHOICEST ¢aX
HHAT IS UuGANDR S CRPE
BNSUER (8 SRNMPRRLE
ANSHER (ST HENGI
ANSHER (81 KARBUL
CORRECT CHOICET
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Multiple-choice quiz programs

Once you have entered all your questions, you can check
the program. Again, this feature is self-prompting, as you

can sce:
PROGRAM CHECKR
L e —

RPUESTION NO. 1
WUHAT IT THE CREITRL OF gQUSTRAL IR

BoURMNE

=
CORRECT CHOICE=

2
TE

Finally, when a student sits down to use the program, the
screen display is as follows, so there is little chance of error:

HELLO, TIM I 8B QInNg

TO ASEK YOU 30N QUEST ICNS RNk
I WAaNT You TO CHOOSE THE
ANSHER UHICH YOoul THINEKE IS
CORRETT, AMD 282008 THE LETTER
SHOWUN NEYT TO IT

Here is the complete listing of the program:

S REM MULTIFLE CHOICE HASTER

id LET M=1
I"EE PRINT “TITLET (MAX. 2@ CHR%¥

I INPUT AaF

48 LET A=LEN ~§F+i1

S8 LET B=({3@-R} ~27

68 G J{UB 1138

F& PRINT "HDWU MANY RUESTIONST?
HMRX . i18a) -

88 INPUT E: FRINT E

98 DIM BFIE.SO7
1@ DIM C$IE ., S5a7
118 DIM DS IE,S5&)
122 DIM ESRI{E, . S&)
138 DIM FEE, . =&}
4@ DIM GERIE.E&)
158 DiM H$(E.S&
168 DIN JS(E,.S83
ATE DIM F(E}

188 PRINT “~"ENTER SQUESTIONS,ANS
WERS RND THE CORRECT CHOICE AS R
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EEEE?TED RANY ERRORS HARY BE ERITE

19@ PRINT “"HRXIMUM LENGTHS = ©
® CHRRRCTERS PER QUESTION,., RND O
@ CHARABCTERS PER ANDUER.™

208 GO 3UBR 1=3@

21 INPUT =Z%: CLS

220 FOR D=1 TO E

230 PRINT "QUESTION NDB. " D
RiEB_?RINT TrUND. OF EHQICEﬁ‘ (9 5]

- b_ X

278 INPUT F (D)} : PRINT Fib:}

2828 PRINT AT 4 ,08; "ENTER &UESRTIC
M IMRX. BB CHARS) M

298 INPUT B iD)

SB& PRINT AT 4.,.@;B%D); ¢ =

218 FOR G=0@ TO F{D}! -1

SI2@ PRINT TANSLER™;

330 G SUBR TIR+A@aG

248 NEXT G

8@ RPRINT “"QORRECT oHOICET™

S8 INPUT JS$iD?

378 CLS ;: MEXT b

8@ FOR D=1 TDO E

100 BRINT “BHo

"RROGRAM CHECK®™

418 pRINT -------sih

4282 &80 SO o258

43@"PRINT “CORRECT CHOICE=""; Jd%(

44@ GO _SUB 1218
AS@ PRINT TG oOnT INUE,GR PRES
“E° To EDIT;

46@ INPUT Z$ . .
47@ IF Za="E" OR Z$="&" THEN CL
S : GO _To 238

188 NEXT ©

499 COLS

S5@@ PRINT “EDIT FACILITIES END,
DUMMY RUN FOLLOUS®

Si@ PRUSE 258

$3@ LET S=0@

S3@ G0 SUB 1138

54@ PRINT “HELLO, I'M SPECTRUM.
UHAT * & YOLIR NANET™

S5@ INPUT K%

§8@ CLS : PRINT “HELLD., “;K$;

I AM GODING™,“TO A5K YOU SOME QUE
STIONS RND I UANT ¥YOU TO CHOGS
E THE ANSUER UHICH YOQU TH
INK IS CORRECT . aND PRESS
THE LETTER SHDUN NEXT TO IT"
570 GD _SUB_1210

S8@ INPUT Z§

50@ FDR pP=1 TQ E

50@ GO0 SUB 1138

618 PRINT AT 2,.@;K&i ™ ™7

62@ 30 SUB 9S@

E3@ PRINT “ANSUER={T}™

S4@ INPUT L$

ESR IF LE=JdFiDd? THEN G TO 1278
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o EG SUs 1999

BRINT “RLESSF LHIT A MOMENT

BPSLISE 508
NEXT D

&0 SUEe 1338
PRINT "“({R}";
INPUT C$H{D}
PRINT C$iD:
RETURN

PRINT “{B}!;
INPUT DDy
PRINT DFiD}
RETURN
PRINT ™

T ERY !

-t

)

I
&
B
-
o
"
wia
Lo

-
-
[

LA

L
14
w

Dw k= T

INPUT H >3

PRINT H&(Q}

RETURN

PRINT "gUESTION NO. ;D0
PRINT Bsily

978 FOR G=0 TO FI{D} -1

IR GO SUB 1218 +32GsG

996G NEXT &

1888 RETURN

1212 PRINT “{RY“;C&HID)

182@ RETURN

1832 PRINT “iB:V;DHEID}

1642 RBRETURN

18568 PRINT "{CY " EEi)

168 RETURN

IDTFD PRINT DIV FHiD}

1Bsd RETURN

18968 PRINT “({(E} " G& (D)

1188 RETURN

113@ PRINT "i{FI“;HEID

1129 RETURHN

1132 CLS

1i14@ PRINT AT B.E RS

115 PRINTY AT 1,B-31; "W

1li6@ F&R C=1 TG &

i1i17@ PRINT V&

1188 NEXT C

I1igsy BRINT

1208 RE‘EUP&

1219 PRINT “Fress Ly INUERSE 15 ¢
ENTERY; INUERSE 9;" *;

izae RETURN

1238 PRINT “"That is wqong “;R$; "
]" £ THE TORRELT ANSUER I8 " asip
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1243 GO SUB 1218
1258 INPUT Z%

1260 RETURN |

12378 LET S=S+1

1288 PRINT "HELL DONE “;KE$: " THR
T7,."I5S THE CORREGCT ANSUER, sSo YO
UT,"8CORE A POINT™

i2d4p GO TO &78

128 GO SUE 13138

151@ PRINT K$:°. YOu @OF “;5:" B
UESTIONS™ , "RIGHT OUT OF “;E;
LERRE™, "TEL.L Y OUR TEARCHER™

1388 IF M=1 THEN &GO TQ 1440

133@ PRINT AT =231.,@&;° = MEXT TvYQ

1 ?di-@ FaoR ¥=1 ip

1358 IF INKEY S"“N“ OR INREY S="n"
THEN &Q T 528

13668 NEXET Y

13"*'@ PRINT AT 21.8;

138@ FOR ¥Y=1 TO 19 i

13980 IF INRKEY&E="R" OR INKEYZ="n"
THEN GO TO SRe

1489 NEXT Y

1418 GO TO 1338

1428 SRAUE “TEST™

143@ PRINT “"SAUE RGRAIN T YsX W

1440 INPUT U

1458 IF WdE="%¥" OR UE=""u™ THEN GO
TG 14=86

1468 LET M=0

I47@ GO TO 520
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CHAPTER ELEVEN

Other programs of interest

In this chapter, we’ll look at several programs which,
although they are not linked directly with a particular
subject, are of interest. You may well be able to use them in
your classes.

Histograms and Bar Charts

Lines or columns of different lengths are convenient ways of
displaying information. It is simpler to show the information
in bars which run across the page, and we will look at a
program which does this first. However, it is not too difficult
- using the Spectrum’s PRINT AT - to produce a graph in
which the bars are printed vertically, and our second
program does this.

The first program plots the frequency with which numbers
in the range 1 to 20 are generated by the random number
function on the Spectrum. Here is the listing:

18 REM HISTOGRAMS

28 DIMN RAiZa

2% PRINT "Pilsasse stand by™

3@ FOR D=1 7O S8

38 LET C=INT {(RND*=20) +1

@ IF RIC) <30 THEN LET ARy =R

€@ NEXT

7a REM PRINT OUT

T8 CLS

8@ FOR B=1 TO 28

s@ 1IF B:1@ THEN PRINT "

Here is a run with a program in its present form:
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Other programs of interest

1 R A
2  ——
3  mEceseCeR—
4 s ———
S e a—
5 A —
T R
S P ——— =S
R A ————
b £ < I ——
i s R ———
i B
13 srssrseswass——
14  sesceET—————
i E = S —————_
e U —
R —
B A ———
I R S———————Y
K= A S —

As you know, if the random number generator was
working perfectly, and we had an infinite numer of trials, the
frequency of each number generated would be equal. I
rewrote the program so, instead of simply generating 300
numbers as the first one did, it would generate 3000. This is
the altered listing:

i8 REH HISTOGREBNS

48 LET C=INT (RND=28)+1

5@ IF RAICY (SR THEN LET RIT) =R
{0 +1

8@ NEXT D

78 REM PRINT OUT

75 EBLS

ag FDR B=1 TO =20

20 1IF 1@ THEN PRINT " *:

ige F‘RINT B:» 3
1@ FOR C=1 TO fIiB) 10
-
PRINT
162 HNEXT B

And here is the result of two runs of the program. As you
can see, the distribution of numbers more closely
approaches the theoretical distribution:
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[ d
[ d

4 4 b b i s o
DO IO G L0~ (1 §

fiybs

T o 4t o o o3 3 o s o3
A0 0~ 0 ) T 1 D0 09~ U1 P £ P o

Finally (and this called for some patience for the run to
end), I modified it to generate 10,000 numbers, and
produced this histogram:

1l s
B
3 TR AR
L — R S
S SR
D e A,
Gl ———
T
D
18 e EEEERES
11 esssossserrsTE———"
12 sssssessss—
13 eecess——————————
e T ———
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Other programs of interest

P
)

Column Graph

The next program — Column Graph — generates a bar graph
in the way in which, perhaps, we expect to see it, with the
origin in the bottom left hand corner. This program allows
you to select the number of columns of data you want (up to

15) and then gets you to enter the data for each item on the
graph.
This is the program listing:
S REM COLUMN GREFH
FOIMNPUT TCHOW HanNyY CoLuRMNBET (U
P TO ishrU:@
Q IF @215 THEN &GO TQ 7
18 DI Qo
28 FOr G=1 70 &
IR INPUT /IGD
[E IF RIGY >»138 THEN LET R(G =1%
@ NEXT &
S@& FOQR G=1 7O @

S5 PRINT AT 21,2266
ag FOR HMN=31 70 RAiG)
PRINT AT 28-N_2xc;:"E"

2
3[R MEXT K
S8 NEXT &

Here’s one run from it:

X
l«(l
]
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Other programs of interest

It may be interesting to modify this program so it produces
a graph of the relative distribution of the numbers generated
by the Spectrum’s random number generator.

Sorting Routines

Next we have three sorting routines. The first one simply
sorts numbers into order. If you wish to reverse the order of
the final sequence, change the >= in line 80 into <=:

§ REM NUMBER SORT

FOIMNRUT THOW Maiy NUNBERS TO
SQRTT "IN
1d DIM a8
28 FOR Jd=31 T2 N
Sg INPUT "ENTER NUMBER 7 (3™
PR RRES
48 PRINT R4y ;
S& NEXT
83 CLS
85& FOR Z=1 TGO N
T@& FQR Jd=1 TO N-
R IF "8 »=/ils
iy

a8@ LET T=Rid

Ida LET R{d =A{Jd+d)
1318 LET Rid+1) =T
126 NEXT
185& PRINT Sidr " g
IS8 NEXT =

s

I THEN 0o TC

The second sort puts strings into alphabetical order, as the
sample run illustrates:

THIS IS

R TEST
TO ENSURE
THE PROGRAM

WORKS SATISFRACTORILY
PLERASE STAND BY FOR SORTEDR LIST

R ENSURE
Is PFROGRAM
SATISFRAGCTORILY TEST
THE THIS
TO WHORKRS
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Other programs of interest

Here is the listing (and note that input must follow the
same format, that is, it must be all in upper or lower case, or
if the first letter of any word is upper case with the rest in
lower case, the first letter of all words must be in upper case
with the rest of all words in lower case):

S REM ALPHRBET SORT

7 REHM RLL INPUT BUDST BE
EITHER IN CHAPFS OR
SMALL LETTERS

t%a IQPUT “How wany nases o so
r ? ll.-;

& INPUT "“"And what is the leng
th @f the","tangestl word {defaul
L is 381 :¥&$H: IF Y#®=" THENM LET
\..,F $=ll 15!'

25 LET Y=URBL Y%

I8 DIM AF X, Y)Y

48 FOR N=1 T X

S8 INPUT INUERSE I "Entesr werd
nuabes *; (N} ;RSN

850 PRINT A% N,

T2 NEXT N

88 FOR M= TQ X-3%

o FOR M= TO X-M

1?§QIF AE (MY <=AF{M3+1) THEN GO T
118 LET BR=Rg (M

120 LET RS (M} =R%(M+1)

A3 LET A (M+1) =B

140 NEXT M

AS50 NEXT N

360 PRINT ““PLERSE STAND BY FOR
SORTED LIST": PRUSE ZRB&: (CLS
AVE® FOR Nzl TO X

1EQ PRINT A iNX,

198 NEXT N

O

Finally, we have an age order sort, in which names and
ages are entered, and sorted in ascending age. This sort can
easily be adapted for any situation where two variables are
linked, and you want them sorted in terms of one of the
variables:

Age Name
i4 Jones
I8 Smith

12 Harrison
igd Hartnell

Hartnetd 14
Smith 16
Jdones 14

Harrison iz
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5 REM RGE ORDER SORT
REM OF X MNAMES
t§@ INPUT “Hod AM3ANY nNasgses ta So
r L2 3
28 DIH NE (X ,26)
38 DIM RIX)
358 PRINT “Age Nampe™
4@ FOR J=1 TO X
S@ INPUT "“Enter name number *;
{83 C NS (L)
EB INPUT “"AnNd how old is “; (NS
() ) 2R (L)
& PRINT RIiJY ™ “iNsi}

2@ FOR Z=1 TO §—1
+1} THEN GO 7TOQ

2858 FOR J=1 TO X
21 PRINT Ny AL
228 NEXT J

Comparing unlike quantities

This program arose from a question sent to my column
‘Response Frame’ in Your Computer magazine, when a
reader in New Zealand said he wanted a program which
would work out the time difference between two times (such
as 9.17 am and 3.34 pm) and work out which was earlier (or
later). The final program is of little intrinsic value (because a
routine to detect ‘AM’ and ‘PM’ is all that is needed).

However, it is included here because it gives an insight
into comparing quantities which are made up from units
which do not necessarily compare easily (like pounds with
ounces). It is important to remember, in any program in
which you are comparing quantities which are made up of
units with different values (such as pints and gallons, or
hours and minutes), that you must render the values to be
compared down to a single unit. You must also establish a
common input format, so the computer knows what to
expect.

i@ o IM

B2 Yo OEIH BTE)
28 FaOR Z=

=
i fo =
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Other programs of interest

3@ INPUT AS(Z)

4@ LET RIZ)=UARL (AFIZ)X [ TD S22

s@ IF AS(Z,7I="P" THEN LET R(Z
}=RI{Z)+12

6@ LET B=INT (8{Z13

7@ LET A(Z) =68:5+1@BxA(Z} -BBxB

8@ MEXT Z

9@ IF AIl1)>RI2} THEN PRINT AS{
1); % IS LATER THAN “;RAs$i
138 IF A1) <B(2) THEN PRIMT Al
1¥;" I5 EARLIER THAN “;R&(22

This can be done fairly easily with the ZX Spectrum,
because of its simple string handling (discussed in detail in
an earlier chapter in this book). The program here for
comparing times needs input in the form 09.37.AM or
12.04.PM. It then (line 4@) works out the value (as a number
with a decimal point) of the time, adds 12 to the whole
number to the left of the decimal point if the seventh
element of the input string is a ‘P’ and then converts the
number into minutes, comparing the two minutes’ totals.
The original strings are then used to print out the final
information.

Super Sketch

This fine program, written by Gwyn Dewey, assists you to
create pictures on the Spectrum using keys as indicated in
the instructions provided by lines 60 to 13¢. The keys zero to
six control the colour. DRAW is controlled by the ‘Q’, ‘W’,
‘E’, ‘A, ‘D’, 2, *X’ and ‘C” keys. ‘8’ erases and ‘@’ cancels,
‘B’ controls the brilliance and ‘9’ sends a copy of the screen
to the ZX Printer.

You exit from the program with the ‘V’ key, and you can
SAVE your artwork on tape with ‘K’ and retrieve it with ‘J’.
Note that the program expects all input to be in lower case
letters:

3 REM sketch by G.Dewey

1@ LET a=180

1S LET aa=08

28 LET k=188

360 LET c=06

32 LET d=B
33 LET z=@

46 PRINT “Super Sketch™

S8 REM Auvthor G.Dewey

&8 PRINT : PRINT “This progras
hetps yad to dyaw Pictures Usi
ng the following Keys .NOTE:on
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ty one colour is
Ny one square”

78 PRINT "'"@-8 <ol
U“BQ PRINT "“"®,W,E,R,
S8 PRINT ‘"5 grase
l@d PRINT "B cantr
ce“
118 PRINT "9 sends
he screen to the ZX

126 PRINT exits
1@ PRINT “K saves

03ds picture}» ™
140 IF INKEY$="" TH
158 CLS

» “Lj

-

151 PORE 2365&,0

154 INUERSE @: PLOT

1SS INUERSE aa: FLO

156 LET b&=INKEYS

157 IF _bg$="" THEN G

16@ LET a=a-tb&="gq"
R bS="Z") +(bs="e" OR
$=ncl ]

17@ LET b=b-(bg="z"
R b%="c"l+(b$="q" OR
$=FIE III

218 IF b%>="0" AND

INK (UAL b

215 IF bg="58" THEN

216 IF b&="o" THEN
4220 IF b$="b" AND o

23@ IF b§="b" AND d

24@ BRIGHT d

250 IF b§="9" THEN

26@ IF b&="w" THEN

27@_IF b%="k" THEN
e "SCREEN%

28@ IF b%="J" THEN

e "SCREENS
298 GO TO 154

Interior angle of a regular
This program works out the in

Other programs of interest

dttowed in &
aufr controbl™
D.Z,X,C DRA

& o cancels®
ols britlian

a cop £

of
PHINTER“

Picturaid &
EN GO TO 148

O TO 154
o b$=“a"
b$=“d“ DR

OR b _._nx (1)
b$—" a3 QR

bHc="7" THEMN
LET aa=1

LET aa=08

=B THEN LET

=1 THEW LET

o orQ

COPY
GO TO 9106 -
SAUE “pictur

LoARD “pictur

polygon

terior angle of a regular

polygon, rounding the answer if needed (see sample run for

seven sides) to two decimal places

(it is interesting to try this

for an imaginary polygon with just one or two sides):

R reEgular polugon o
has i1htlericr angies
A regular polygon of
has interiofr anglies
R regularc poatugon of
has intefrior angles

de

T

Gre G
m

713 1]

i

=
@
mi

(/]
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Other programs of interest

A regular poluygon of & sides
has interior angiss of 120
A regutar polygon of 7 sides
has interior angiles ofF 128.S7
R reguilar polugon of 8 sides
hasg intsricr anagles of i3S
A oregular polygon OFf 9 sides
has interior angies of 140
i@ REM INTERIDR ANGLE OF
28 REM A REGULAR PUOLYGOMN _
32 INPUT THow many sigdes7™ ;581
DES
4@ LET SIDES=INT {OIDES)

S@& LET ANGLE=INT {(10@x{1580-3£0

SBSIDES)!) #1100

&2 PRINT "“RB ragular poilugtn O
f U:SIDES:;™ sides®

78 PRINT “"has interior angles
OF “:RNGLE

a2 GD TO 236

Straight line depreciation

The program is self-prompting. Note that line 28¢ (POKE
23692,—1) stops the computer from asking Scroll when the
screen is full. Here’s the program in action:

Purchase price is £758.75

iife ofF asset 15 & ysars
It depreciales £94.86 a ysar
Year Warth

1984 £759.7F5

19885 £664 .79

1338 £568.83

1987 £47F4 .87

1988 £378.91

1989 £2384 .95

i99a £189.99

1381 £95.83

And this is the listing for it:

12 REM STRAIGHT L INE
28 REM DEPRECIATION
3@ LET YEAR=G
@ INPUT “Entar
i PFRICE

" PRICE
1@@ INPUT

RPUFChase price
‘URPufchass price is X
“Enter Lifa of assel
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Other programs of interest

fin years) “;LIFE .
i3@ PRINT ‘“LUife of asset is *;
LIFE:™ yegars"

14@ LET DEPREC=(INT (PRICE:1@@.
LIFE)) ri@@

i5@ PRINT ‘"It depraciates €7D
EPREC; " a uear™

188 INPUT “Enter Ffirst year of
use”,*fas 19841 “;YEAR
_22@’'PRINT ‘“Year“:TAB 12; “Worth

248 PRINT YEAR;TAB 11; "£";PRICGE

25@ LET PRICE=PRICE-DEPREC

258 IF PRICER1L THEN STOPRP : REM
DR THEN COoPY: STOP

278 LET YERAR=YERR+1

28& POKE 23692, -1

298 &0 TD 246

Day of the week

This simple routine works out what day of the week a
specified date falls on, as you can see from this sample run:

19731284 - Wed

This is the listing:

1@ REM DRY OF THE WEEK
28 LETY AS$="..MonTusledThurFrisa

t5un’™
HSE INPUT "Enter month {(azs 7y ¢
; 4€ IF HM:1l OR M>I2 THEN GQ TO 3

, 5@ INPUT “Enter day (as 23 "
8@ IF D<1 OR D51 OR M=2 AND D
»29 THEN GO TO S@
_7@ INPUT “"Enter uear (as 1984)
88 LET Q=Y+ iMc3)
@ LET K=0.- 100

1@ LET T=M-12x{H:3)

11@ LET R=INT {33 ({T+1) 5) +INT
{(SERAE)Y =INT  {KY +INT (K42 30+5

12@ LET R=R-({7V*#INT (R-F2) 31

338 PRINT TRBE ;D s M, e ¥-=-21
BRAB; " -« ";ASF(Rx3 TO Rx3I+22
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Other programs of interest

Seconds timer

Actually, the accuracy of this timer really precludes its use
other than for demonstration purposes, but it succeeds
admirably for that. The plotted point (see between the 5 and
the 10 on the sample printout) moves around the circle,
taking approximately a minute to make the circuit.

(=1
S5 =
f=3= i@
15 15
4. 208
39 a5
=@

The program prints out the numbers, and then stops
(using PAUSE § in line 4f) to wait for a key press, at which
it begins processing. If you want to make the timer more
accurate, reduce the 39 in line 1f¢} to a 38, and add a line 105
in which the computer must do some calculation (such as
raising a number to a power) which will slow it down enough
to slow the time down. Your students will probably enjoy
calibrating the timer accurately.

Here’s the listing for that program:

85 REM SECONDS TIMER

1@ FOR N=& TO & STEP S

2@ PRINTY AT i1@-l1éazCon o
} LA +1A@xSIN (NsI@IFPII;N

38 NEXT N

4.8 PRUSE @

S8 FOR T=( T S.

8@ FLOT 88+5923x81IN (T-30sFX) .00
+51xCOS8 (T/3@xPI2

1

N-G0xPX

188 PRUSE 39

1i@ PLOT OQVER : 88
#P Il ,988+81xC08 (Ts3
128 NEXT 7T

130 GO TO Se

+E
¥

SIN (T-38&
2 X

9x
I
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Mean, standard deviation, variance

Finally, in this chapter, we have a program to determine
mean, standard deviation and variance. The program is
self-prompting, and the output is simple to interpret. You
may wish to add a routine, similar to that used in the straight
line depreciation program to limit the output to two decimal
places. Here is a sample run:

a4 4
2s 3
28 2
a3 3
22 2
21 1
27 1

The msan is 24
Rariance is 2.5
Standard deaviation is 1.581315885

239 7
228 =
235 3
236 1
225 2

Tha psan is 2272.83182
Variance is 85.3853382
Standard deviation is 2.9754499

This is the listing:

1@ REM MEAN, STRNDARRD

=@ REMN DEUIRTION,

S8 REH URRIRNCE . "
35 INPUT "How many items? s N
12 B3t BN

SR b

86 FOR Z=1 TO N

a@ POKE 23682,-1

)

|4
4

£
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Other programs of interest

128 INPUT “Enter item v; Zxy;v ¢
Rz

id@ PRINT "RIZ : s
is@a INPUT “Ente Ffrequentd ":B1{
2

19 PRINT BiZ}

228 NEXTY Z

278 LET M=2

28& LET A=8

298 LET B=2

38R FOR =1 7O N

31@ LET M=M1B{Z}

B2@ LET R=R8{Z) x8 {2

33@ LET B=D+B{ZY *R{TIxR{Z2

S4B NEXT Z

JAB@ PRINT " The ssan is “;HR-H
398 PRINT "“"Uariance is “";BsM-8
FRS MM

488 PRINT ““"Standaird geviatiaon
is Y 3RR BrM-RxRS EMENy )

418 STOP

1i8a@ LET P=02

18ia LETYT a@=5

19828@ LET L=
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CHAPTER TWELVE

Evaluating Software for the Spectrum

The Spectrum is a delightfully simple, but powerful,
machine to use and to write programs for. Unfortunately,
the market does not seem large enough to attract the major
software houses into writing anything but games and utility-
type programs. There are many of the ‘quiz’ programs, but
many of these are of little serious educational value. It
would be a terrible waste of a micro’s immense power if it
were only to be used for this kind of program.

Therefore, it is necessary for teachers to write software
and to build up resource banks of programs which are
tailor-made to suit the particular needs of an individual
school. The ideal situation would be for teachers to become
programmers, and for programmers to become teachers! In
the meantime, the pressure is on the teaching profession to
adapt to, and to utilise, the new technology as rapidly as
possible. One difficulty here is that the vast majority of
teachers, as I'm sure you realise, are newcomers to
computing and are only just beginning to develop their
programming skills. It is far too much to expect them to
produce programs which are complex and robust enough to
be of general use.

It is also unfortunate that far too many excellent ideas are
lost simply because the program lacks sophistication,
perhaps in error-trapping (discussed elsewhere in this book)
or in screen layout. There are many other teachers who are
not at all interested in programming, and simply wish to use
computers as they would an overhead projector or a video
recorder. Others still remain highly sceptical as to whether
computers have any place in a classroom at all.

So where are the programs to come from for the
immediate future? Fortunately, there are a few software
houses which are producing good educational software for
the Spectrum. Much of it is written by experienced teachers.
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Evaluating Software for the Spectrum

As a teacher, it is up to you to decide whether the
Spectrum will be of use in a particular lesson, and then to
decide what would be a good package to choose. As is valid
for any classroom aid, the program should be at least as
good as existing methods of covering the work in question,
whether it be amplifying a particular point, or testing
knowledge of a specific area of a subject. Another problem
then comes to mind: Can the whole class participate in the
use of the program at the same time?

With many schools able to afford only a small number of
microcomputers, it can be hard to avoid the temptation to
use them with large numbers of pupils at a time simply to
exploit the computers’ gimmick value. To enable an entire
class to use a computer at once, you need a display which
can be seen clearly by all those involved in the lesson. There
is a distinct advantage to be gained from using a new and
existing technology in the classroom, but not when the
program chosen is only of marginal benefit.

It is far better to use a micro when it can do something
which no other teaching method can. As I said in the
introduction to this book, the colour facilities of the
Spectrum, along with the computer’s high-resolution
graphics, make it ideal for producing and storing all manner
of complex diagrams. This can be of great use particularly in
subjects such as Biology and Child Welfare, and in the
remedial department where large clear numbers and letters
are required. It is extremely useful to have animated
diagrams, particularly when the movement is under teacher
control, so it can be halted when needed for explanation of
what it is illustrating. A simplified flow diagram showing the
process of photosynthesis, which seems the kind of program
development you should aim at, is included in this book.

Once you’'ve decided that it is appropriate to use
computers in a lesson, what should you look for in
commercial software? Here are five points to check.

1. The purpose of the program should be clearly stated.
The package should contain information as to what age
range it is suitable for, what prior knowledge is assumed
before it can be used, and what type of program it is, i.e.
whether it is an interactive program requiring input from
students, or is a demonstration of a teaching point. The
program could also be a testing program for just one student
to use at a time.
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Evaluating Software for the Spectrum

2. The package should clearly state which machine (16K
or 48K) the program demands, and should also point out if a
printer is needed to get the maximum benefit from the
program.

3. The packaging should clearly explain, as well as the
points raised in (1) above, how to use the program, from
loading it in the first place, to explaining what input is
required when you’ve got it up and running.

4. The program itself should be fully error-trapped.
There can be very few exceptions to this golden rule. For a
program to accept an incorrect type of response — for
example, to allow letters to be entered when a numerical
input is required — and therefore crash can prove very
disruptive in a lesson, similar in effect to a film breaking in a
projector.

5. A program should, if possible, be capable of being
adapted to the needs of a particular school and/or class. This
is an ideal way for schools to obtain really useful software,
provided that adapted programs are not then passed off as
being original.

If all this sounds a little daunting, then help is at hand.
Most of the really useful programs will have been evaluated
at one time or another by experienced reviewers in one or
more of the specialist magazines which deal with the
Spectrum, such as ZX Computing and Sinclair User. They
often contain programs which have been used in a
classroom, and can therefore give an accurate assessment of
usefulness. It is well worth buying these publications and
keeping a record of any educational programs, articles or
reviews.

It would also be useful to become a member of E.Z.U.G.,
the Educational ZX Users’ Group (Eric Deeson, Highgate
School, Birmingham 12), which is run under the auspices of
M.U.S.E. The group only puts programs of an acceptable
standard into its library. Therefore, you can buy the
programs knowing that they have all been tried and tested.
Now that there are a number of specialist retail outlets, it is
becoming more and more possible to try out programs
before purchasing them, or at least see them running. This
1s, of course, far more satisfactory that relying on
information from advertisements or in catalogues. Most of
the specialist shops are only too pleased to discuss the
programs they sell. It is a good idea to call in frequently to
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Evaluating Software for the Spectrum

your local computer shop to see what is new, and what they
recommend.

The questions you should ask yourself:

Is it a suitable time in the teaching schemes to use a
microcomputer?

Is the program chosen relevant to the scheme of work?
Can the television screen be seen clearly by everyone?
Does the program have clear documentation which
indicates the purpose of the program and shows how to
use it?

Is the program easy to use? Is it well error-trapped?
Can it be adapted to the needs of a particular group?

Is the package good value for money?
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CHAPTER THIRTEEN

Using the Spectrum in Infant School, a
case history

Christine S Johnson is headmistress of the Carlton
Netherfield Infant and Nursery School in Netherfield,
Nottingham. She has been using the Spectrum (and the
ZX81) with children in the five to seven-and-a-half years
old range for some time. In this section of the book, she
explains how the computer became part of the curriculum,
how it is used, and how the children respond to it.

Ask an elderly person if they can remember their very first
classroom. They will probably describe a large room with
drab walls and a high ceiling. There may have been steps at
the rear of the room, and it’s possible that the heavy wooden
desks with iron legs were screwed to the floor. Perhaps there
was a large open fireplace which the teacher had to keep
supplied with coal. It was warm by the fire, but the children
sitting at the other side of the room were shivering and their
noses were blue. Every child had a blackboard, a piece of
chalk, and a small scrap of waste matenal for ‘rubbing out’.
Books were few and silence was the rule.

How different from the lively, colourful, purposeful
classrooms of today with cheerful pictures and meaningful
displays. Children are encouraged to ask questions and to
discover things for themselves, to use the attractive books
and plentiful, stimulating apparatus wisely and well.

Just over thirty years ago, computers were extremely rare,
were enormous, complicated pieces of machinery, cost
thousands of pounds and were very limited in the way they
could be used. At present, computers are plentiful, small,
not too costly and very versatile. Their impact on the future
of teaching is impossible to project at this time. Progress is
so rapid that by the time the young children of today have
grown old, almost everything in the world will have changed
beyond recognition, and the computers in use now will
certainly be museum pieces.
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Using the Spectrum in Infant School

Today, however, they are fascinating, exciting, extremely
useful items of equipment and it would not be fair to the
children in our schools today to let them miss the
opportunity of learning how to operate computers.

Most people would agree that it would not be possible for
all children to become so competent that they could write
complicated programs by the age of seven. However, if they
are helped to use a keyboard, to follow clear instructions, to
learn part of a simple computer language and to use
programs connected with many aspects of the school
curriculum, they will be ready and anxious to learn so much
more by the time they reach the Junior School.

The main aims are encouragement and enjoyment.
Today’s children are computer-minded and are ready to
receive all the assistance and information they can be
offered.

Imagine that you are six years old. You watch the
television at home each evening and enjoy what you see, but
the following morning you have forgotten all about it
because you were not directly involved. One day at school
the teacher shows you a keyboard connected to the school
television set, and tells you that you can make it work.

She asks you to touch a few keys and then to find the
letters of your name. She helps you with a few more keys
and suddenly your eyes sparkle as your name appears, not
just once but twenty-two times.

12 BORDER 4

28 FRPER T

3@ FPHINY "Osle Ahdiews”
4@ PHRUSE ag

S8 G0 To o@

Dalse Andrems
>ale Andrasgs
Dale Andrawss
s iz RARRdr =
Dalse And iS5
Dale AN 5
>ale &n 3
Cate &N 23
aie Andraws

Other children have been watching and want to have a
turn. Soon the teacher does not need to help at all because
everyone is giving instructions: “Don’t forget the quotation
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Using the Spectrum in Infant School

marks”, “Press ENTER at the end of the line” and so on.

One child holds a finger on a key for too long, and a whole
row of letters comes onto the screen. Everyone looks
worried, but the teacher says ‘“We can always put right any
mistakes” and shows how to press CAPS and DELETE. She
shows you how to add two more lines to make a coloured
screen and border.

Later she produces a card with simple instructions as a
reminder, and asks you and your friends to help another
group of children.

When school is over for the day you rush outside to a
waiting parent, saying “‘Mummy, come and see what I've
been doing. I can work a computer!”

What have the children learned from their first lesson?

1. They can make a computer work and that it is fun.

2. There is a ‘safety code’:

— Only one child is allowed to use the keyboard at a
time (although others can help with reading a
program or spotting letters and symbols)

— No child is allowed to unplug any leads or touch any
switches (the tape recorder and printer are connected
by the teacher before work begins)

— If any real problem develops, the teacher must be
informed

— Anyone using the computer incorrectly, or upsetting
anyone else who is using it, will be banned from using
it for a few days

3. There is no need to be concerned if mistakes are made
as they can be rectified

4. Instructions are given to the computer in lines, each
of which begins with a number

5. It is possible to change from lower case letters to
capitals by using CAPS SHIFT

6. It is possible to leave spaces between words

7. Quotation marks after the instruction PRINT are
important

8. At the end of each line it is essential to press ENTER

9. Instructions may be changed to give different results by
moving the cursor, CAPS and EDIT, for use in such things
as names, colours and timing. At first, the children working
on programs with me changed the whole line, but were then
shown how to use the ‘arrows’ to help to change part of a
line
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Using the Spectrum in Infant School

10. It is possible to explain to someone else how to use
the computer

How it started

It all began in 1981. In connection with a mathematics
project we collected a box of ‘interesting things’. A group of
children showed a great deal of interest in such things as
magnets and magnifying glasses, and we formed a lunch-
time club. We soon progressed from a telephone made from
yoghurt cartons and a piece of string to something more
sophisticated which connected the Head Teacher’s room and
a corridor.

Our simple push-along car made from a construction kit
soon changed to a battery-driven vehicle which reversed
each time the end of a knitting needle struck a wall.

Any child in the school could join the club. They signed
their names in the club book and wore small badges.

After a while, the box could no longer contain our
collection as we added many more items, such as switches,
batteries, wires and small bulbs, home-made musical
instruments, calculators and (very important) two jumbo
typewriters.

We also had a growing library of ‘infant’ type scientific
books, so we had to use a large cupboard. We removed the
doors so that all the items were easily accessible.

We acquired some valves and a TV repairman let us have
a transistor and a microchip, and an interesting discussion
developed. I asked a child to switch on and off an electric
light, and then explained that a valve could work hundreds
of times more quickly and a transistor even more rapidly.

We looked at the large television set and then a pocket-
sized television with a tiny screen. The children were
interested to know that computers were the size of a large
room when their parents were little children.

They also had access to language masters, a ‘Synchrofax’
and various types of tape-recorder (reel to reel, cassette and
a very small executive tape recorder). After the jumbo
typewriters had been in use in the classroom for some time
we set up the television set, computer and printer.

The only explanation I gave to the children was that a
computer cannot tell the difference between 0 (alphabetical)
and ) (numerical) so the latter had to be written as ¢ and is
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called zero. We did a quick space rocket countdown — 10, 9,
8,7,6,5,4,3,2,1, zero- and the explanation was accepted.

The CAPS SHIFT key was pointed out and children took
it in turns to write short sentences. They found this very
exciting and rewarding as errors could be rectified with ease.
Their efforts were recorded by the teacher on the printer.
One copy for school, and another to take home to show
parents.
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As well as using the computer as an interesting typewriter,
the children were shown how to ‘write in’ simple programs.
(Although we started with a Sinclair ZX81, we progressed to
a Spectrum shortly after it became available.)

Use of scrap books
We have two large scrap books. One is called ‘Interesting

151



Using the Spectrum in Infant School

Things’ and the other is labelled ‘The Computer’. Any
pictures or written work done by the children has been put
into the books.
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Using the Spectrum in Infant School

Work Cards

How can very young children faced with a keyboard which
has 40 keys, and almost 200 letters, figures, words and
symbols be expected to work (with the minimum of help
from a busy teacher) when the first thing they want to do is
gain ‘hands on’ experience?

A set of clear, simple to follow cards can be made, and
these will help the children to ‘type in’ programs from the
beginning.

As you’ll see from the cards shown here, most of the
instructions are straightforward, except that TO and = and
the like are written in little boxes, with SYMBOL in the top
half of the box, to remind the children to press and hold
SYMBOL SHIFT as they press the TO or = or whatever.

Write Your name Al
I @ BoRDER 4 ENTER
vo [EElEs] S
3 @ PRINT SY:’:E"’“ Weite your name “l"f’"" ENTeR
L- @ Pause @ ENTER
50 G oTo 39 ENTER
Run ENTER

Te clear H\e. Screen For }'L\e_ next Person

CcAPsS

greng|  NEW ENTER
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R

Listen

0 For x [l o FRE] 2L e

—_—

cAPS [SYnBoL sYMmeoL T
2D Rcef|sTMsoL , 2 X EnTER
3 o) NEXT % ENTER

Ruwn ENTER

Press RunN ENTER aiqin }

How many sounds can You \ﬁe,qr?

DELETE is worked in a similar way, but with the word
CAPS above the word DELETE within a box. The more
difficult BEEP and PAPER etc are written as a box divided
into quarters, labelled CAPS SYMBOL BEEP SYMBOL to
help the children to remember to press CAPS and SYMBOL
together and then to hold SYMBOL before pressing BEEP.

Small fingers usually master this during the first two
lessons. (David and Dale are 6 and wrote their names — and
put them on the printer within a few minutes of seeing their
first SPECTRUM.)

In the early stages, ENTER is written at the end of each
line, but this can soon be omitted when the children have
had more experience. After a few weeks the children can
master some of the shorter programs from books and
magazines.

154



Using the Spectrum in Infant School
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As well as the ‘work cards’ it is useful to have a set of cards
which give information to the children, such as those shown

here.

At first they will have difficulty in finding some of the
words and symbols, although they have no problem in
finding figures and letters, especially if they have had some
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experience with a typewriter. The simplest card gives the
most commonly-used words and symbols. Much later, the
children should have access to cards giving the full range of

words and symbols.

Children enjoy holding the cards and giving information
to others when necessary.

Other cards which may be useful are:

— Instructions for loading a program from a tape

recorder
— Deleting or changing lines in a program
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Write down your score.

Press Y Fo P‘Qj Hhe qem e qaq(n

— A cursor card
— A list of colours

— The priority of number functions, () " */ + —, for
older children

When the children play computer games such as “Wall’, it
is useful to have a card for each game, to remind them which
keys to press to work the game, such as *O’ to make the bat
go to the left, and ‘P’ to get it to move to the right.

It helps if all tapes and work cards are marked with small
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coloured stickers so that they can be put into groups or sets,
such as:

1. Yellow — computer practice

2. Green - school work

3. Red - Computer games

4. Blue — Recording-keeping and teacher’s aids

Group Two can be subdivided into school subjects, such as
Mathematics, English, Pre-reading and so on.

Letters and numbers can be written on the stickers so that
children can work at their own pace. For example, when a
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child has completed work cards A1, A2, A3 and the rest, he
or she can move onto B1, B2, etc.

When I first acquired the Spectrum, I wrote out
instructions for using the tape recorder — saving and loading
— and had the full list of codewords and symbols near the
computer. I felt much more confident when [ was
surrounded by parents and children that I would not plug in
the incorrect leads, and would not be fumbling for keys.
Later I found that a ‘piano-type keyboard’ set of instructions
for DRAW and CIRCLE, and a squared, numbered ‘screen’
were very useful.

The Computer Game

This is a class activity which teaches young children about a
computer in a very simple way.

Ask the children to stand in groups of four. One child is
the ‘User’ and stands facing the other three, who each hold a

sign:
\ o g
A ( A

VAN

o
/K\

‘USER’ can only speak to INPUT and can choose his or
her own question. For example: “'If I have four sweets and
eat two, how many are left?” INPUT asks processor the
same question. PROCESSOR must work out the answer
while running up and down on the spot. The answer is
passed to OUTPUT who in turn passes it back to user. The
children enjoy this game, and can continue at their own
speed, changing places occasionally. It is interesting to
watch the PROCESSORs performing their little dances

while working out their answers. The teacher walks from
group to group checking that all is well.
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The Byte Game

Another game enjoyed by the children is one which will
mean much more to them as they become older and more
experienced.

Each child is called a ‘bit” and moves around the hall to
music. When the music stops, they have to try and form lines
of eight. The children in the line can choose whether to
stand up and be called “high powered” (or 1) or sit down
and be called “low powered” (or #). Children in the first
group to be ready receive a counter and the music begins
again and the game continues.

At the end of the session the child with the most counters
(the one who has been in the quickest ‘byte’ most often) is
the outright winner.

To date, I have not given any more information about the
binary system to the very young children, except to mention
that a computer with a 1K memory has just over 1000 bytes
and that our computer has a 16K memory.

R N S N S S N S
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Storing the equipment

Some computers have to be left in a permanent position in
the school building, but a Spectrum can be carried around to
be used with any television set (usually colour, but some
programs work well on a black and white set if the colour set
is already in use).

When people receive a computer for the first time, they
nearly always put each item carefully into the original boxes
for safe-keeping. This is the ideal method, but can be far too
time-consuming in a busy school.

It is not always convenient for the equipment to be ‘set up’
for long periods of time, and it is sensible to put everything
away each evening.

One easy way to store the computer, printer, tape
recorder and a few cassettes, is to beg a strong, medium-
sized, fairly shallow cardboard box from a supermarket.
Experiment with different sizes of boxes until one is found
which will hold everything in current use. Pad the base of the
box with foam rubber of different thicknesses so that each
item will fit into its own space. It will probably be possible
for the printer and some of the leads to remain connected.

A large piece of hardboard or chipboard, covered with felt
and with narrow strips of wood fixed around the edge,
making a tray, can be used on the top of a table so that the
items do not slip. Work cards can be kept in transparent
pockets in a loose-leaf file.

Badges

All young children enjoy wearing badges. So why not
reward them when they reach a certain standard?

A six- or seven-year-old child will be proud to wear a
home-made badge when they have proved they can:
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1. Copy a simple program from a card

2. Load a program from a tape recorder

3. Use the printer (The printer and cassette recorder
must be connected to the computer at the beginning
of each session)

If you have a school computer club, have a badge for each
member. Note that small cardboard badges, complete with
safety pins, suitable for this purpose, can be obtained from
most large stationers.

A teacher may say that he or she cannot be with the
computer group all the time. There is no real problem with
this, as once the children have had experience in using the
program cards, and can load a program from a tape
recorder, they can be left in the corner of a classroom to
follow instructions. Sometimes a program is left on the TV
screen for a whole session, and can be used, as an example,
to give instructions to the children as in this example:

Hrite abdutl gour wisil 1o 1he
fire statlicn,
Woords Lo hELE QoYU
fire engine tadder
pote hose uri Frorm heitwel
(=Y - ZLarm Ine
waie quickiy dangerons
burn carevrut EEFE

This helps with reading and free writing and the words on
the screen can be easily changed.
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CHAPTER FOURTEEN

Specific Applications in Infant School

In this chapter, we outline a number of specific ideas for
using the Spectrum more directly in education in infant
school.

Handwriting

Some children have difficulty in forming letters correctly. If
they are asked to enter into the computer the very simple
‘MAGIC O’ program, they can then follow the shape as it
comes on the screen. When you run this, you’ll see the ‘O’ is
formed in a way which shows the direction of the line
(anti-clockwise) very clearly. An older child or parent could
write in the program for a younger child.

1% REM Haagic O

28 CIRCLE 18&,12@.75

38 PRUSE 109

48 QUER 1
S8 &0 TO 282
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Specific applications in Infant School

You can follow this with the ‘a’ and ‘d’ programs:
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8,558,485
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Specific applications in Infant School

Here’s the program card for the letter d program:

Make letter d

CAPS|SYmBol Syrsou sYrBoL|
2. @ CAPS | CIRCLE S @ 9 50 ) 4_5- ENTER

3 @ Pause 3@ ENTER
LI—-@ DRaw @ ., 12@ ENTER
5 @ PHUSE @ ENTER
6 @ DRH\,\/ 6_ SYr;BOL Is\f:im_ IS@ ENTER
7 @ Pause 2. 0@ ENTER
% @ CLS ENTER
9 @ GoTo 2@ ENTER,

Follow Fthe Sl’\qpe, with Ljour Fl'nae,r'

Remedial reading

Try using the TV screen as a reading aid for slower children,
or for children who are lacking in confidence. Let a group of
four or five children watch the teacher print a sentence or
two using a few words from the more simple books from the
school scheme, and include each child’s name if possible.
Leave the children to help each other and when they report
that they can read the words on the screen, let each one
press COPY and ENTER so that they have copies to stick
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Specific applications in Infant School

into their word books, or to take home.

As the children improve, longer ‘pages’ with more
difficult words can be used. The teacher will probably find
that the children are soon asking if they can write their own
words and sentences.

RPavid has a new footbhati.
He mauid Lika fto plag faq

Hoirtingham Farsst
iindaay had a new doid
far her birthdau. Shs
thinks it Looks Like a3
reail baby.

Garseth Likes to ride his

bicucle.
fcavid and Lindsay and
Gareth tike 1o plau.
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CHAPTER FIFTEEN

Maintaining Interest

There is little problem in keeping children interested in
using the computer. However, it is just as well to use as
many facilities of the Spectrum as possible, to ensure that
the programs the children run are interesting.

Sound

An amusing piece of work was evolved around a few
randomly chosen, repeating notes. The children said it
sounded like someone running, so we coloured the
BORDER and PAPER, left ‘the patter of tiny feet’ in the
background, and wrote the following on the screen:
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This was a good reading exercise and the pictures were
super. We taped the program so that we could use it again:

182 REM Resad 1
2@ PRINT -

Here come the men

from one of the planets. Th

ey un vary gquiciktity a2nd b

ave very tiny fest. They hsa

v& iang arps andg 1hin Lsgs

I thinsg i1thzi they

are TURDII LS SWway Friaom 3
big UugLy SF3de BRoNSi1ed .
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It is possible to copy programs which help with the writing
of simple tunes. Music familiar to the children may be used
or they can experiment by writing tunes of their own. The
group should work in a quiet corner, so as not to disturb the
other children.

This next program plays the tune ‘Twinkle, twinkle little
star’. The star pattern changes at the end of each line. The
colours and patterns of the stars can be changed very easily.
We've left the program running in a ‘Mums and toddlers’
group so that the children could listen in, or have a quiet sing
whenever they wished. The sound can be amplified by using
a tape recorder. (I am sure that many other simple songs
could be used in this way. Perhaps someone could make a
graphic animal for each verse of ‘Old MacDonald had a
farm’, so that everyone could join in for a sing song.)

1@ REH "Star®
2@ BORDER o

38 BAPER 1

4@ INK &

S@ GO_SUB 159e

88 OLS

7 a8

ae f .S: BEEFP 1.S: BEEPR 1,
i2: BESP 1,12, SEER 1 ,ia;. BEES 1
<1la Ex i=.

s8 CLS

128 GO 3UE 138 )
11¢ BEEP 4i.19: BEER 1i,18@: BEEPRP
1,9: BEEP 1.9: BEEP 1,7: BEEP 1,
F. PBEEPR 2.TS:

iZ@ CLS

13@ GO SubB 2008

ii@ BEEP 1.12: RBREERP 1.1i2: BEEPRP
1.i9: BEES 1,ig: BEEFR 1.2: BEEPR
i.8: BEER 2.7

is@ CLS

168 SO SUB 1880

178 BEEP 1,12: BEEP 1i,12: BEEP
1.1@8: BEEP 1,16: BEER 1,9: BEEPF
i1i.9: BEEP 2,.7:
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Happy Birthday

This is a program which can be used to delight a child on a
special day. A birthday cake appears on the screen as
follows:

Sarah is six itodau.
Hzppy birthdad-.
= k-3 = s = =

The ‘Happy Birthday’ song is heard repeatedly. In this
example, Sarah’s cake has six candles, but the number of
candles, the age and the name can easily be changed.

EQORDER
“QEE& =
TNEY T RIT O

ot TR s

A
e
!

t
N
I
I
=
o
-

PRINT & Happy birth

S& INK &

88& PRINT 7 s 8 = =
]

T

)
T8 PRINT U

S8 INK O
2@ PRINT ¢

i@@ INK S
_11@ PRINT

az
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Maintaining interest

If you put the program on tape beforehand, using a
number of different ages with the appropriate number of
candles, and save them on tape as ‘BIRTHDAY 4’ and
‘BIRTHDAY 5’ and so on, it will be a simple matter to load
the correct program. Line 3@ can then be quickly edited to
include the correct name.

Using the Spectrum’s colours

The children can ‘build’ a house by following simple
instructions and by using the colour keys, to answer
questions such as ““What colour would you like the roof?”.
After they have pressed the colour of their choice, the next
question appears.

Thank you far cotnur;ng the
hauss Goad-bye:

When the house is completed, the children are asked to
press ‘y’ or ‘n’ (for ‘yes’ or ‘no’) to get another house to
build.

i@ REM “Hou=sze"

28 FCOR n=8 TO 7
38 RERD jouw: POKE USSR "8"3h.ro

48 NEXT n

W

S@ FOR p=@ TQ 7
. °8 RERD row: POKE USR "B +p.iG
it

TR NEXT p

8@ LS BORDER 7

S8 PRINT AT 2.0 “Whatl cotowrr w
ouid you Ligke 1he roGFT”

128 INPUT a: INK 23

118 LE7T Z=3: LEY u=7

i2@ PRINT AT = .u;: "

136 IF z=3 THEN GO TOQ 1&8@
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17

i4a
i5e
ige
178
18
i9@
288
21&

=228

LI G 3 0 14 G0 L PR £ T T P
SO0 % 001 0T i 3 By e 5L - ed (0

AL A A 1T

i
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~J ) o L P B0 D~ 1 ) o £

™
s

(R rpil ol od o oLl R Y S g

~J wJ VRN ER I R VR LA N L N

LT e 51000
R R R Ry

wfn
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LET T=z-31: LET y=u+1
GO TO 128

LET u=y+1

PRINT AT z.u: "W

IF u=19 THEN GO TO 218

LET yu=y+1

PRINT BT T.4. k"™

IF z=5 THEN GO TO 288
LET z=z+1: LET y=y=+1i
GG TO 228

INK & .
FRINT A7 2.8 “tihzxt
yati Like the wa Lt
INPUT b: INK b

LET Z=+1
PRINT BT .4

IF z=14 THEN GO TO 3348
LET Z2=Z+1

O TO J3aa

LET z=z2+1

PRINT RT =,y;"®"

LET p=y-3

PRINT AT T,y -

IF =7 THEN GO TO 418
LET y=y-1

20 T 3IFe

LET = =

PRINT RT IFETF S

l___ ..'_—'a'. l

PRIMNT AT = N

IF z=5 THEN GDQ TO 432
LET Z=x2-1

GG TG +4a@

coicud w
s

LET y=y+
GO 70O 498

ENY 1L, X

PRINT 8T @@ "Lhat cowvcur w
4oUu L3i kg 1hs windows2"
INPUT ¢ IhE ©

LET zZz=9: LET y==a

PRINT AT =.u;: P

LET y=y4+3

PRINT AT = .4y.: %"

LET z2z=z2z+1

PRINT RT .4, "B

F =11 THEN GO TG g5
LET Z=x+i

=0 T 218

L ET Z =X 3L

FRINT A1 T .Y; o
LET y=uy-1

= ad
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LET z=x-1
PRINT AT =z,
IF =z -=1@ THEM =0
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Qa8 &0 To S8BR
iQ@d LET =Z=z-1
1Q31e PRINT 87T = . u4;"P
laza LET y=y+1

1238 PRINT RT =,y ™=

14 IF y=15 THEN 8O TO 1a7a@

1@BS8® LET ypouen

IS[BE S8 748 dAoos

178 LET y=y+1

1@8® PRINT AT = .yu;:"%-

iags LET = =+1

1ims DRINT BT z .43t E7

l1iig IF z=1id4 THEN GO TGO 11406

131268 LEYT zZz=z2+1

1138 GO T 1196

13148 ITNE @

1188 PRINMNT AT .8 "Uhatl colours

DQULYE You Wi s tThe bordes

11688 INFUT & BORLEER &

1178 PRINT RT @.Q;"The house is

Finished now. Wouild you tike o

make ancther ana®T Ptease snses

©COdoof N

118 INPUT S

l1isey IF ="y THEN SO TC 32

iz2asey IF fz="n THEN PRINT 87 &.8

SUTHEDIE UOW FOSO LSLOUTITE 1h:E
house. Good-bye!

ARis GO T 1246

19228 PRINT "Press 4 QfFf T agasin B

lease.”

izae GO TO 1188

1248 STOPR

128@ DRTH DIN SRZORAG BIN QEaRaRH

A1@.5BIN SERAQ1IB . BIN @Rl lia . By
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N aeallilile, BIN @8111118,.83IMN 2111

o e
1112 . 8In oRc23DS

106w DATA BIN CRORRRRR,BIN RIDRS
2. .BIN R1100000.5IN R11iI0600.B1
N @iiliged,.BIN 81131118881 2iil

e T e
13.{.%—“‘ C‘Ll? TSI OTITuTey

Thaneg d4ou for

) calo
houss., EoCd—

Uring ths
-byg!

(W BN}

House

Read tHhe q{uesf'ion,

Clhoose the colour and press
For RLUE

Por Re D
far MAGENTA

1
2

d

. For GRreenN
5 Ffor CYaN

b For YELLOW
@ For BLACK

To woake another house

pres s Y For LjeS,

TO S"Op qu

PFOﬁquW
pre,SS m Por‘ Nno
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Bubbles

The next program (adapted from one in The ZX Spectrum
Explored, Sinclair Browne, 1982) is a great favourite with
the children. We have called it ‘Bubbles’ and have slowed it
down, by adding a PAUSE line:

1&¢ REM Bubbles

28 PrAPRPER 2

Sex LET = { RO FRMLDI A8
48 LET y=13i04sRND)Y +1IR
sS& LET z={SxRND} +1

68 CIRCLE INK zZ:ixX.u.18
TE PRUSE 3@

ag S0 T 3.

Parents

Parents are welcome in schools, as they can help in many
ways. They are curious, as well, especially about computers.
They did not have the opportunity to operate computers
when they were at school, although many of them use them
now. Often parents and children will learn together.

After the children have shown that they can write their
names on the computer, and can follow instructions from a
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Maintaining interest

card, the parents usually want to show their keyboard skills.
The Spectrum demonstration tape — ‘Keyboard Trainer,
Lesson One’ — can be loaded and parents and children left to
help each other. After using the simple instruction cards,
parents are soon able to enter programs from books and
magazines. One father spent the whole afternoon at school
using the spectrum (for the first time) and wrote the
following program:

18 REM “sdd’

28 LET F=INT {RNDOs:lIs) 31

IR LET ==INT (RHDEI8) +3

48 LET <=f+=

S LET =9

&8 FOR 1=3 To 3

TE PRINT Ff.=

S& PRINT YHhat is ke Fifrzlt nu
mbhai added (0 th2 ssecond nusbker ™

S INPUT X

188 IF X <€ THEN PRINT Soqiry.,
Yow are wroang.s

118 PRUSE 188

128 IF x=¢ THEHN GO ToOo 178

iz LS

148 IF t >3 THEN PRINT *The coar
Fect answeryr abgz..'

A58 MNMEXT 1

188 PRUSE 188

AFE PRINT “You are right, watll
donps .

1A8S: PRUSE 148

Parents and children enjoy writing messages to each
other, leaving them on the screen, or using the printer.

I recently watched a man buying a Spectrum for his three
children. The shop was busy and the assistant was looking
anxiously at the queue. “If I plug it in,” said the bewildered
father, “‘does it play games right away? How does it know
what to do? I shan’t be able to show them how to use it when
1 give it to them.” I reassured him that I felt just the same 18
months ago. Then I asked him the age of the children, and
he told me that the oldest was 14 and had used a Spectrum at
school. Everyone in the queue breathed sighs of relief, and
told him that there would be no problems, and he would be
lucky if they allowed him near the computer for several
days. Someone asked him where he lived, and offered to go
to the house to help. The man asked about tape recorders
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Maintaining interest

and was told they saved a lot of time. Books were produced
and more advice given. In fact, a computer club was almost
formed on the spot.

I have found that most adults fall into one of two
categories: those who are great experts, and those who say
they want to run a mile at the mention of the word
‘computer’. Children are all of one voice. They are keen,
confident, and are anxious to get *hands on’ experience. The
‘shy’ parents are soon converted after they have watched
their very young children using the computer without
difficulty.

History

Children enjoy hearing about the first computer. I teach
them a series of lessons based on the following material. The
depth to which the subject is treated is dependent upon the
age of the children.

Babbage’s machines (1830s)

Charles Babbage was extremely annoyed at the inaccuracies
in certain astronomical tables that had been calculated at the
beginning of the nineteenth century. He realised that there
was a need for a sophisticated device for calculations of
greater accuracy.

He decided to build a mechanical computing device that
could handle numbers with as many as 20 digits. One device,
his ‘Difference Engine’ was partially completed, and he
made plans for another, called the ‘Analytical Engine’.

The engineering techniques of his time could not cope
with his elaborate ideas, and because of this and the amount
of money required, his projects failed.

Hollerith’s Punched Cards (1890)
Herman Hollerith was employed by the American Census
Bureau.

The 1880 census took seven years to complete, and
Hollerith realised that the 1890 census would take a much
longer time because of the very fast growth of the American
population.

Unless mechanical devices were used, it was possible that
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the results would not be completed before the 1900 census
was due. Hollerith used a punched card code for the
information, along with electro-mechanical devices which
sorted the cards and then printed the data and totals. His
important contribution meant that the 1890 census was
completed in three years.

Aiken’s development of Babbage’s machine (1940)

The ‘Automatic Sequence Controlled Calculator’ was
developed by Howard Aiken at Harvard University and was
completed in 1944. It was electro-mechanical, consisting
bascially of a large number of calculators, controlled by
instructions stored on paper tape. The machine was used by
the US Navy for 15 years.

Matthan I am T
H Long fTime 39D ifnavr2 w33 3
Han c3liled Mr. EBakkags ., Hs=
trigd very hard to maks a
ma3chkine that Ha3s5 wevyrd Jo993 Ak
doing SUMs waryd QuUickig.iihan
Mr.Babbags made hiz Touniing
mIchipne % H$a3 539 EBi¥ Ek3: i X
fiilled 3 mholt2 roa298R. HE ran
gut of money 50 he Couyid not
finish M3Liag his BIThing.

Computers 1946-1959

The computers were built to use valves, and were relatively
slow in operation. They consisted of a central processing
unit and input and output devices. They used primitive but
ingenious types of storage units which were later replaced by
the use of ferrite cores.

Developments 1960-1964

The invention of the transistor meant that much smaller
computers could be built. These had circuit boards with
transistors, diodes, capacitors and resistors.

Transistors, like valves, are electronic switches through
which current can be passed under certain circumstances.
Because of their ‘switching speed’, transistors enabled the
computer to work at a much faster speed than was possible
with valves.
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By this stage, magnetic tapes and discs were beginning to
be used with computers.

Computers from 1964

Computer manufacturers began to spend as much money on

the development of software as they did on the hardware.
The computer became even smaller with the introduction

of integrated circuits in which transistors, diodes, capacitors

and resistors were, in effect, fused together into a chip.
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CHAPTER SIXTEEN

Brain Games

As you’ll read in my ‘final thoughts’, some schools have
found that the use their computers get above and beyond
planned use within classes, depends to some extent upon the
availability of software which is not locked to specific
classes.

It would not be appropriate for me to provide you with
listings of programs like ‘Galactic Intruders’. Rather, here
are a few games which have sufficient points in their favour -
above and beyond the very important one that they are fun
to operate — to merit inclusion in this book.

You'll find that these programs are also useful as
‘icebreakers’ to help students whose first contact with a
computer is the one in the classroom.

Mind reader

This game asks the student to enter his or her name, and
then follow a number of instructions, all of which demand a
certain facility with mathematics. Having followed the
instructions, and pressed ENTER after carrying out each
step as instructed, the computer tells the student their age,
and how much change he or she is carrying. The program
does not take long to run (although, of course, the less
competent the mathematician running it, the longer it will
take) so several students can have a run through with it after
it has been loaded.
This is the listing for MIND READER:

1& REM HIND GERDER
28 INPUTYT "What i1is gous name® o

;RS

3@ PRINT ~ " vHi thaere., ME=T-

48 PRINT “"7It's time ts test
Youy SE31 LY ."wi ik nuskers, and »
gy skill as‘.“a ming readedst e

8& &0 Sup Sag



Brain Games

68 PRINT “0OK, “iR¥: 7.
multiplying®.,."yogur 33¢
51 by two®

7@ B0 SUB So8 _

8@ BRINT “Nox adad five o t

o8 &0 SUR SeE

128 BPRINT “And now auviltiply
t by Sa°

1i@ GO _SUB S8

i2@ PRINT “"Now subtract 385 fro
B that®

138 BD_SUB Sea

14@ PRINT “Now add the amount o

f logoase™,"change in gousy patket®
1S@ GO SUB Sed
168 PRINT
e QGU'\{E"_.
17@

"Now give B2 the numb
“ended up with™

NPUT R

182 GG SuUS Sea

19 LET R=R+11S5

288 LET B=INT (R385

228 LET A=R-188:B
23@ PRINT "You have “;RA;"

2

248 G0 5UB 528

258 PRINT ~‘“gnd ars
s otd"”

26a sSToR

Sea FOR &=1 TO
818 PRINT

chang

SEO: NEXT &
TrVRErass vy INUVERSE 31
s TENTER": INUERSE 8:" ghen uau’§
e, "resdy to continue™

S28 INPUT %

S38 LS

5468 RETURN

Here’s what it looks like in action:

Hi th=re, Tia

You have 3I8 Changs

ARod are 17 yeacrs old
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Code-breaker

The next program is a simplified form of the game
Mastermind (the game and name are copyright Invicta
Plastics). Invicta bought the rights to the game from an
amateur mathematician — Mordechai Meirovich — in 1971.
The game has been popular here in the UK for centuries
under the name of ‘Bulls and Cows’.

Whereas the commercial toy generally uses coloured
plastic pegs, and has one player choosing a four-colour
‘code’ which the other player tries to break, this version uses
digits instead of colours. The code is three-digits long, and -
to make it easier to solve — the same digit is not repeated
within a code. This means, for example, that 123 and 973 are
valid codes, but 993 and 272 are not. Zero is not used.

Here’s a sample run of ‘Code-breaker’:

in
n

nurber B

i
D]

Wwpwmkuy <

QD whitles
I whitle
1 white
2_§hites
2

GE G
rowrsTos
fo g gom pon o0 g e o
el Rahala B aKu B
wwwmefﬁ

f

nin W
LI
EE
Iy
[
-
m
In

My code was 7256

As you can see from this sample run, the computer awards
a ‘black’ for any digit in the right position within the code,
and a ‘white’ for any digit which appears in both the code
and the student’s guess, but not in the correct position. The
player attempts to work out the code in less than 10 guesses,
using the feedback the computer gives after each guess is
entered.

This is the listing for ‘Code-breaker’:

18 REM Code-breaker
28 BORDER 2: PRAPER 2: INK B: ©
3

]

i
[

38 DIM RI3Y DIH BR{3)

g@ FOR Z=1 TOQ

31868 LET 9i23=INT TiRND*#2)Y +1
116 MENT Z

1R2
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128 IF R{(1Y=R{2} OR A{lY=RI{ZY T
R RI{2y=R{3Y THEN SQ TO S5

13@ LET R=19@xB {1} +1azxR{2) +R ({3}
146 FOR C=1 TO iR

158G PRINT AT @8, "This is guess
nuabkber "; INUERSE 1;C

153 INFUT INUVERSE 1; "Please ent
BT Your guess ;8
Gl?g IF B<1@@ OR Br4o9 THEN GO T
AS7 PRINT RT’L+1 1: INUERSE i1:E6
i INUERSE @;" ™

188 LET BfiT—INT‘(B o 530

1%?@ L ET BIi2) =INT {iB-Idx@sBiilrd
180 LET B(3)=INT {(B-1g@xB{1)-1&
¥Bi23y)

198 IF A=B THEN GQ TO 43&

99% LET =R

= L EY H=8

= EETF i=g

= FOH E=3 T8 3

aeaa IF R{EY {8y THEMN O T 27
25@ LET N=N:+1

=Z8@Q LET R{Ey =8

27 NEXT E

28@ FOR F=1 70 3

298 IF AiIFY=2 THEN &8O TO 342
392 FOGR E=1 T 3

T1® IF BIFY (>R 1EY THEMN D TO 33

20 LET U=uW+1

338 NEXT E

348 NEXT F

380 LET 8{1}=INT {(D-law}

JI6Q LEFT A2} =IHT [({(LH-18835 {1} -

SO7TA LET A{31 =INT {-1iR@xn{i)-14%
¥R {2

FIEQ PRINT N:"™ biack®;

SIBE IF M{21 THEN FRXNT s Y;
386 IF N=1 THEN PRINT = ;

I8¢ PRINT W; " white;

385 IF W<rl THEN PRINT s

488 MENT C

18 PRINT HT 12,8 " “You Jdidn-t
get 1¢™

428 Q0 TO 448&

iS@ PRINT AT 12,Q;"You gpt it 3

s ayessses”
4.8 FRLNT UMYy fode was v R

'ue?

Magic Star Sums

This program generates a five-pointed star, with a number
on each of the intersections of the lines which make it up.
The numbers in any particular line always sum to the same
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total, much the same as, in a magic square, numbers in a
straight line in any direction sum to the same total.

When you run the program, you’ll see that two or three of
the numbers.on the star have been replaced with zeroes. It is
up to you to work out what the needed numbers are in as few
moves as possible.

Here are some ‘snapshots’ from one run:

=
34 is is o
= 17
&
& 3

3
34 = is 153
= 17
&
& =
YoU havs ¥ right s8¢ farf

8 =3
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34 iz it -t

= k)
iz
= =
YoUu mavs B fright 20 FEF
YouU Soiwsg 1Y iR Jusi 1@ qQoss
i4 13 1S %
=2 i7
iz
i3 3
GO, thanks for pilauwsnd

And this is the listing so you can create your own magic
stars:

1@ REM MAGIC STHRS
28 GO SUBR 48F: REM SET UP s1TAaAR
38 G SUR 348: REHM PRINT 3ThAR
48 S0 SUR F8: REM Atk Far CuES
= G0y TC 38
S8 REH $XFTXTEXFsFETIs s
& REH ASK FOR GUESS

. gg IF SCORE:»@ AND SCLORE«1@ Tﬁg

£:7 righlt =8 ¥Far
Q@& LET GO=G0+3
IS PRINT BT &.8: INUERSE 1:"&o
gumger “; FLASH 1i: INK 2; PRPER
&
11§ INPUT FLASH 31; INK 2; PAPER

“‘n ]
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8; “This is go nuabar ; {(ga} , En
ter any number which You”,"think
I8 pafyt of the siz,v: &

i5& LEYT SCORE=D

1458 FOR Jd=1 T 1§
_iSa IF S=f3{dl THEHN LEFT Bi l}y=Qid
3

18@ IF B{d) <@ THEN LET SCORE=S
CoRE+3

ATFE NEXT O

180 FOR P=i1 7O 3188 NEXT B

19@ IF SCORECIDR THEN RETURN
08 REMH IFffffIIFF¥sIsss
218 G0 SUB 3408

solved i1 in Jjgust Y01 goss
2d4@d rOR P=31 TE 188 NEXT P

288 PRINT :: PRINT FLRARSH 1; "Pres
& Y7 if yaou'gd Like anothesr™.''go
, @f "N” o Sigpa..."

288 LET Sf5=INKEY S

278 X1 RECXTYY 8ND ARF<>"y™ AND
gﬁib"N“ ABHD RSy THEN GO TG0 =2
{50

Naea IF 8%="¥" OR A$="u>" THEN RU
218 PRINT AT 18.8;"0K. thanks 7
or playsng™: STOP

338 REM I Xr¥EFrFEF¥IFsTes

249 REM PRINT STAHRR

358 PRINT AT & . 7:B11)

I3 PRINT AT &.z2:Bi=2;. " LB i{Z)
P =:Btdy; v R =3 $ =3

4838 PRINT AT 8. 4:BiSY ;¢ =B
S28 PRINT AT 18,7F:Bi8y

448 PRINT RT 12,.,5:Bi{9Q¥ ;" BN =35 §
i

4588 RETURN

4783 REMH XT3 FTITTTXTXXETEETETESR

488 REM SET LB S7T8R

458 CLY

AR RAaNDOMIFE

S1&8 BIM RII8Yy . DI §iiss

528 LET SO=2

5338 LET SCORE=

T4& LET RA=INT +1

S8& LET B=INT +3

SEE LET T=INT +3

7S LETYT D =INT b §

D88 LET E=INT d +i

s5o@ IF A=B OR A=C A=0D DR A=E
THEM G0 T SLHA

&8& IF B=C OR B=D OR B=E THEN ©
g TGO ShHw

818 IF C=D R CT=E THEN &GO TOQO 8T
=

28 IF D=E THER &O TO ST

638 LET X=IWNT {(ENDs3I¥ +1

8d4&d LET A1} =X
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8@ LET R(2} =X-8+0+D

S88 L7 Ri{3 =R+E

&7@ LET Ri4) =R+D

838 LEY RISl =X-BE-C+E

£9& LET f{6 =

8@ LET RH{TiI=A+D

FI@ LET A& =R+B

28 LET A{Q) =X-ZxB+2:D+E
F3I@ LET R{18) =X-23xB-C+Dh+2%E
Fd@ FOR J=1 TO i@

FO@ LET B {Jl =R (J3

7@ IF Ald) =@ THEN RUN
FI@ NEXT J

7098 FOR J=1 TO 3

798 LET B{INT (RND=I1@) +1)! =0
a8 NEXT J

18 RETURN

Hangman

Now we have another old computer favourite, ‘Hangman’,
in which the Spectrum thinks of a word, and the student has
to guess it before being hanged. The number of guesses is
related to the length of the word.

As you can see from lines 5@¢) to 540, the program comes
complete with a starting vocabulary. However, you can
make the game much more useful by replacing this
vocabulary with a series of words which either relate
specifically to your school, or to a particular subject (such as
the names of minerals being studied).

The game is simple to play, and the modus operandi will
be made clear if you study this sample run:

YouUu have Lo guess my word in
Just 11 gquesses

You have @ correct tetters

You have 11 chances tert

You have 1o guess BY wWword in
Just 11 guesses
ERMNMEDIX

187



Brain Games

HE-MRI-

You have S carreclt tslters

You havse o gusss wmy woard in
Just 1l guesses

EAHXMUEO ID0CR
MERMRID

¥ou 4ot it in 8 guesces
My word was HMERHRID

Whew. You've
gxacution forvc

Here’s the listing of ‘Hangman’:

1@ REM HANGHAN
28 PRPER 31: BORDER 1: INK 7: ©

48 LETY YV =8

58 RAENDOMIZE

8@ FOR G=1 TO RHDa22+1
QG RERD A%

1€ MEXNT &

i1y GO sup 488

128 LET N=LEW R3S

128 DIN BN} - DIM Dind

IZ® FOR G=1 T N

148 LET B{(G) =COLE RF G}

ABE LET DIiG! =R 1&}

1868 NEXT &

AT8 LET R=INT {(N+N/2+.5)

188 PRINT AT &.8;:"¥You have 1o g
Uess @ay wodrd it .Tjustl ;R Y gue
Ssss™
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28 G0 SuBR 488
2i1f FOR J4=31 TG ® LET ¥=¥+1
Z2E8 S0 SuUB 498
238 IF H=MN THEN GG 7O 23si8
248 PRINT AT 18.8; "rvau have "o
+1-Jd; " <hanmotes {(&7: -
$EEE INPUT “Enter 3oufd 3juess ;0
=285 PRINT AT 2,23 -1;0C%
258 LET F=QUODE C%
=27 & FGR B=1 TG N
2WEBE IF {6} =F THEK LEY D3} =5:
LET ’~i—1
298 NEXT 4: NE¥YT O
2898 G0 3uBs 438,
318 G0 IuUuR 489
328 PFRINT AT 32.6;
“LARAT As.&; ¢
n‘; R—s—
I5.8; 7T s07iy bul you didn t
g2t 1t
BEE G0 T 3ITe
348 PRINT AY 12.@&: "
TLRY 18 e v
“LHT 1
BB "Wdhew., You"ve sisved SFfry,"s
Xegutiagn for ancolhsesr dayg.”
S8@ PRINT AT 1@.8;:"yYou got it i
N otIvY-1;" gusssest
.SES DRINT AT 12.8; "My word was
I8e S[TOPR
488 LET H=@: PRINT RT 4.86;
418 FOR E=1 T N
450 IF SBSE)Y=ri{E}Y THEMN PRINT -7

438 IF B(E} (:D{E)} THEN PRINT FL

R3H 1: INK 2;CHRS$ B{EY; FLASH &;
INK P;: LET H=H+1

448 NF T E

45& PRINT AT 12.8: "Yoau have "B
T ooorisct tetters ™

TATE RETURN

4558 FOR P=1 T4O 38: SEEF .aag.Rp
DRI NEXT P

438 RETURN

580 DATRH “HERIDIRN" UMERITY . UHE
AMEIDT "HERRIMEN

S1l& DHTR C“OIERJSEERT QX IDANT ™,
DXNVEBEN"  “PRLEFABLE ", “UNORTHOROX"
S22 DATA "PRNGEHDNIUH" “PRANEGYR
IC” . "PRRAROXICAL &, “PHERSANT

Ea@ DARTR “RUNMPUST, < TRUNHHMRGEY .38
CRAMENT ', "SABRE"Y  “SCHENST IO
qiﬂ DQTR CREFIMENT T

s TDE:X ‘PL ENRRT
=

AN . “TEMPERATE" , "TELESTOPR
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Kimspot

Finally in this chapter, we have “The Kimspot Game’,
written by Derek Cook, who says it has given him and his
family (aged 13 and 11) a great deal of mental stimulation.

The program is a combination of the old Kim’s Game and
the new ‘Spot the Ball’. It can help teach children the
rudiments of coordinate geometry, as well as the ability to
recognise and retain shapes. As you’ll see when you run it,
the program makes very effective use of such Spectrum

facilities as FLASH, BEEP and colour.
This is the listing for “The Kimspot Game’:

I8 PRINT "8 D.L.Cook,ig9s2"
Z@ BORDER 2: INK 1: FLRaH i: P
RINT AT 11.8&; "THE KIMSPOT GARAME"
Z@® PAUSE 16068: EQORDER 1: IR :
PRINT AT 11.2;"Type “TENTER""™ ¥
S o insiructioanpns"”
48 INPUT q$: FLARSH @&

= BORDER 1
28 RANDOMIZE
25 CLS
300 DIM aF(S, 3
1i®@ FOR a=1 TOQ &
A2 LET b=INT (RNDx3+1)
13 LET c=INT I[(RNDx3+13
178 IF d&$tb.cr="x" THEN GO TO 21
=3
14@ LET dftik,ci=""a"
128 NEXT a .
A8 pPRINT “You are tooking for
A6 FOR =1 TO o
ATE FOR =1 TO &
i8® IF d$ie,Fl="g" THEN INK 2:
IF dsie,fY="%" THEMN FLAE 3: PRI
NT AT e, f;da%te, fi
ia@ NEXT F
=& NEXT €
2380 FLRARSH ©
238 FRINT “"Remember the shape C©
arefutliy!®
258 PRINT "The =shape is hidden
ift @ sguyare: "
280 IMNK i: FOR a2a=1 T 18
278 PRINT ¢ ™
Y NEXT a
S@@ PRINT "of 18@ doors. To ope
n 8 donr; tyee ils CD-Ordinst
€3 a3 X {ENTER!» .4 <ENTER!. I
e JnapaSou sure you remember th
= - are i F oo
ENTER to playnﬂﬁksng fOF ,tupe
318 INPUT cs§
S22 GLY . LET v=0
S0 LET p=INT (RNDaE+1:
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3408 LET q=INT (RNDxS&+12
aER FOR a=p TO S

REQ PRINT AT &+2,10:%-3
Z7® FOR b= TO &
A58 PRINT AT &+b.11+a;: "B
=G® NEXT b

498 PRINT RT 16,1l1+3;a
2

410 NEXT

418 FOR n=1 TO 1&0¢ "

420 INPUT “Tuype to-ordanates™;x
4368 INPUT

A58 ERINT AT 28.1.n.:" goas®

435 IF NOT {ix=p OR x=p+]1 OR X=
P-313 BAND (=g OR y=g+3 OR y=g-1:
1 TﬁEN GO SUE S

id® IF d$f2+q -y, 2-p+xi=""x" THEHM
GG &SUB

450 IF d$(2+q-g, =P +X) ¢V THE
N GO SuB 7aa

7 BEEP T,

@
18 RETURN
s§9@ STOP

T FLQSH @: INK 2:

48% IF vw=8 THEN GO TO 996

460 NEXT n

Sad STOP

6@@ FLASH 1: INK 2: PRINT AT 1%
-y ,13+x; ‘t-

E-BE LET w=vw+1

&

FRINT AT iA1=
—U 13 +x
1@ RETU
Saa FLQqH @ INK 2: PRINT AT 1%
-y ,13i+Xx:"

@

SAe FLASH 1: PRINT AT Z.0; “You
faupnd it in " Rt geest

1R BEEP .5,2@: BEEP .5,2s5: BEE
F _.5,5@: BEEP .5,35

28 FLASH 8&: PRINT AT 4.8;:"Anot
kher game? uyent

a3a INPUT m$

[LB IF ms="y” THEN GG

=T

TGO Sd
as@d IF m$="n" THENX =
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CHAPTER SEVENTEEN

Some Final Thoughts

Computers are particularly useful when viewed as aids to,
rather than replacements for, teaching by teachers. In one
area, that of individual coaching and testing, a machine can
provide assistance of a type which would be impossible
(because of the time and attention required) for a teacher
with an entire class to look after.

One teacher who is enthusiastic about the use of
microcomputers for work of this type says he uses his
school’s computers for review work for fourth and fifth year
French students, and for remedial work with first year
students. Any beginning student whose work is not
satisfactory is required to go through ‘dnil’ with the
computer after school. The teacher reports that the number
of students who failed the course dropped significantly.*

Another school entered the computer age with a cast-off
machine from a local company. They found that student
interest in using the machine grew as the number of
available programs grew. Early programs were not
particularly sophisticated, and included such things as
finding objects on 10 by 10 grids, and working out
biorhythms; yet the school found that student interest was
very high long before the computer was integrated formally
into the curriculum (see ‘The Micro in a Small School’,
Interface Age, October 1979, p. 64).

Although this was before microcomputers were
widespread, and therefore computers had a somewhat
higher novelty value than they have now, the lesson of
interest being proportional to available programs probably
holds true for the Spectrum.

*Computer Assisted Instruction — Worth The Effort?, F
Keplinger, Compute! magazine, August 1981, p. 40.
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When writing programs for school use, keep in mind the
fairly obvious fact that a student learns best (or at least is
more likely to pay attention) when he or she is interested
and involved. Do all you can to ensure your programs
address the twin needs of interest and involvement.

A need to learn something (for example, in order to pass a
test) can, however, be so pressing that a student will learn,
at least to some extent, material whose presentation is
entirely lacking in interest or any real involvement.

One of the great advantages of the computer-as-teacher
over the human-as-teacher is the infinite patience of the
machine. The Spectrum can be programmed to react to the
learning speed of the student, ensuring that a slow student is
not so frustrated that he or she is unable to sustain interest in
the material.

You may find resistance within your school to the use of
the Spectrum. Many things have been hailed as great aids to
teachers in the past, only to be found wanting. An
experience of this type, and a suspicion that students playng
with computers are not doing anything which should be
within the school curriculum can create attitudes which
hinder a wider use of Spectrums within your schoot.

The school Spectrums must not be treated like immensely
valuable objects, to be accessed only in formal class
situations. Among other things, students are learning
familiarity with computers. This is probably equally as
important as any formal studies done with the machine.
Computers will occupy a very large part of most of your
students’ futures, and anything which increases their ease in
working with them seems to me to be worthwhile.

Therefore, check yourself if you are on the verge of
stopping somebody using the Spectrum because they are
‘just playing’. Feeling good about the machine will make it
simpler to engage the student in other forms of computer
use, and will therefore ultimately aid you in using the
computer more directly for school work.

Of course a degree of supervision will probably be
advisable (even if only to make sure the computers don’t
leave the room in school bags). However, if the Spectrum or
Spectrums can be made available at lunchtimes, and after
school, this is all to the good. Let your students make full
use of the machines you’ve bought. Encourage them to write
their own programs, and to bring original programs from
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home to show to other students. Do anything to foster a

situation in which access to the machines is easy, and the
formalities of using them is kept at a minimum.
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APPENDIX A

A suggested Test Paper on Spectrum
BASIC

1. What do you find at the bottom left hand corner of the
screen when you touch any key after first turning the
computer on?

What does it signify?

3. What would you type into the computer to:
(a) add 3 and 4 together
(b) divide 8 by 4
(c) multiply 7 by 8

What does mean?

5. What is the difference between the zero and the letter
‘O’ when printed by the computer?

6. (a)What does the CAPS SHIFT key do? Give an
example?

(b) What does the SYMBOL SHIFT key do? Give an
example.

7. What do you see when you PRINT the following (after
pressing the ENTER key?
(a) 1234
(b) 1;2;3;4
(c) 1,234
(d) 1.2
(e) 1,,2

8.  What do you call a row of letters or numbers enclosed
in 13 ”?

9. If you wanted to PRINT the word SPECTRUM on the
screen, how would you type it?

10. Re-write the following correctly, so they will work on
the Spectrum.
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11.

12.

13.

(a) PRINT SWIMMING IS FUN
(b) PRINT “THE GIRL IS”17 YEARS OLD”

Name three of the functions available on the Spectrum
keyboard.

(a) How do you obtain a function?
(b) Give one example.

What does PRINT AT 11, 16 mean?

14. Correct this line (so it will work on the Spectrum):

15.

16.
17.

18.

19.

20.
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PRINT AT 11,16 “THE BUS IS RED

Imagine your Spectrum is turned on in front of you.
You type in the following:

LET A = 1 (then press ENTER)

LET B = 2 (then press ENTER)

LET C = 3 (then press ENTER)
What would you see if you did the following:

(a) PRINT A;B;C

(b) PRINT A + B,C

(c) PRINTA+C-B

How do you get PI on the Spectrum?

Complete this program:
19 INPUT *“‘radius ”;r
2¢) PRINT “the area of a circle is ”’;

After line 10 below what should line 2} be to get the
Spectrum to print the word DOG over and over again?
1§ PRINT “DOG ”;

Invent a simple program of four lines, and say what
happens when you RUN it.

How do you count from 1 to 1f) using FOR and NEXT?
Include a simple program with your answer.



APPENDIX B

Ideas for Exercises and Programs

This appendix contains a number of ideas which you can
convert into exercise material for your students to help them
develop the skill of writing a program to solve a specific
problem, or achieve a specific aim. Other ideas will perhaps
strike you as more suitable to use as starting points for
programs for you to develop to use in your classes.

Develop a program, or series of programs to demonstrate
the relationship between speed, time and distance.

Ilustrate the properties of light (shadows, reflections and
the principles of light travelling in straight lines).

Demonstrate the basic theory of electric current
graphically on the Spectrum.

Archimedes principle (floating, sinking and density) is
another subject which would lend itself to an animated
display.

Sentence construction, word sequencing and other
language skills could be tested by programs (note that these
are not particularly easy to write).

Race games can be written, in which children answer, say,
maths questions, and each correct answer means that the
child’s ‘car’ advances one step. This would require at least
two children to have access to the Spectrum at the same
time.

Programs based on the ‘15-tiles’ puzzles in which ‘tiles’
containing letters or numbers must be slid around to get into
a pre-determined sequence have proved popular as games.

You could ask students to write programs to achieve the
ends of many of the programs in this book, such as many of
the shorter ones in the mathematics chapter. For example,
you could ask your students to write a program, which, given
a positive whole number, will calculate the factorial (N!) of
that number.

Using the formula Interest = Principal * Rate * Time/100,
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get students to write a program to show interest gained over
various time periods, with differing principals and interest
rates (you could then ask them to do the same thing with the

formula for compound interest).
Produce a table of square- and cube-roots for numbers in

a specified range.
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Binary converter

This is the full list of decimal numbers from zero to 255, and
their binary equivalents. It is designed to help you when you
are producing your own graphics, so save you having to
convert from binary numbers to their decimal equivalents to
put into DATA statements.

Just in case youre interested, the program which

produced the list is printed after it.

o o o o 19 B U G 1 D

LAty s

14

3

b=

I

A IOIATOI T4 )]
O E-AO)VERY o |

EAAAAARER
QB8B4G 1
aluisiniols i
A2eae011
Qa1
20808161
edaild
el
QR 12C3
Sad010&a1
8ealalad
|0ad1ail
ceagi1lee
LEAR1IIAL
aaaa1iia
20081111
AA1a2A0
SAaiaRal
2QEa1aald
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AQRI1AAILAR
AA1Add1al
221aG1id
@aairdaiis
SRalaiRad
C d1diael
Qalialiaid
2al1ai1&dl1l
galaliaa
Qaldliax
aalaliia
aeioelriiil
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aal1ieaal
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adi1iaoil

R2l1ilgiow

oo fe LATATAA
AN EID -0

fa g
1R

)

&
o

GV G LN e

~J 00 F 31 b 8
5 2]
bl ad e 322012 Al o AR o)
THCIID M 1 5 i b |2 2 o ot o o s
el ok
T50 I o ot s B b ot ot 5 1) 15)
P
]
X

UL A
B b o o s o
B3 155 o v e b B ) 6 050 42 1o
BOPPEREEHEE
P 63 1 B 1 5 12 ) 4 ) o

o GO LI P31 GO O -
2]

123
o]
] o)
Lol oy
HE&

ARGGLERSANDEESEHEE0
|
=4
B
)
o
G
9

ie@elial
_aiaaaiis

o ] o ol n] =g wd o TN CILOT Y D03 80

“d QVOY o G0 1 3110 00 =) 05 O e L3190 o 531200 -0 000 €0 o 050 1 4 €400 )
)
B

WHO L G DD ) 39 053 60 R 0O 00 O 1~y +d

53 VD 10 ot o ot it o s ot o o ot
(50 T it e b ot 3 o ot ) )
BOMHMERPREEHGER
a@ww&@wvﬂ

HEPOERE

200
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iga

T3 0 B0 RO 15 3 RO 13 03 0
0 1) 1 % b b g o o 5
1o GO C0 - DL do L0 g

20

3%

1@l
12128281
ialedllia
101211
leledled

‘l319081e1

[y
]
P
e

lad ot ot
BRE006
T e o o
P e o0 )
RRpMRERRREDOEEEODRK

=
]
P
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HOGEOOGEERE

D R R s s
ol sdad sdad adad ad vl sl e

(10
b

Be

0008
1)
BO6
-1,
Gre

l1leadilisa
1i2@e1il
lig@ieee
i1ig@lael
119219108
lieeieil
il@@lliee
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1111116
1111111}
111900806
111028831
11i@@21e
11190211
11ieal1ee
lliealal
1ije@11@
11l08@13111
11121006
ilieiee@l
llilel@ia
liielell
111011600
iliellel
11iei1i0
1l1iellil
1111006
111166821
llijeele
l1liie@1l
iliiigied
1111319l
11112110
lilieiil
11111000
liiiieel
i1lirieid
1illileil
11l1il1i1e@
l1i13iliel
ii1iiiiie
111113111

REM BINBRY NUMBERS

REM By Jeremy Ruston

REM from ‘Programming the

ZX Spectirum’

FOR B=@@ TO 255

LET J=

LET n$=i!ll

FOR N=@ TO 7
LET T=J-=-INT (J-2) x2

IF T=0 THEN LET A$="0"+R%
IF T<¢>@ THEN LET R&="1V+R%

LET J=INT (Jr22
NEXT N

LPRINT B, TRE 7;A%
NEXT B
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Logo, and an introduction to turtle
' graphics

Logo is quite different from BASIC. It was designed with
the lofty aim of being a language which would ‘teach
learning’ and, to a certain extent, this aim has been realised.

Pioneered by Dr Simon Papert when he was a Professor of
Mathematics and Education at the Massachusetts Institute
of Technology in the US (he has now moved to France
where he is one of the leaders of the World Computer
Centre), Logo is intended to be the very first programming
language a person learns. The first language you learn
inevitably colours the way you program, and the way you
think about programming, for the rest of our life.
Proponents of Logo claim that the base provided by initial
exposure to Logo is a far more suitable one for future
programming excellence than is a language such as BASIC.

Is there a basis for such a claim? Papert says that many
teachers have only seen computers as devices which can
extend the transitional ways of doing things in the
classroom, rather than as utterly new teaching tools. In
contrast to this, Papert says Logo is a liberating device,
which enables computers to be used to teach new and
important skills, including the skill of ‘learning how to
learn’.

Following observations made by Jean Piaget that children
are able to learn quite complex skills — such as being able to
talk and walk — without formal training, and the fact that this
highly-effective informality was absent in traditional
classroom teaching, Papert set out to create a language
which would remedy this deficiency. Papert says most school
instruction in computer programming puts the child almost
in the position of being programmed by the computer. Logo,
by contrast, puts the child firmly in charge.

It does this by allowing the programmer to create new
shapes and actions — such as one which draws a triangle —
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and then get the computer to execute this on demand,
simply by entering TRIANGLE. BASIC has no such way of
creating new commands and functions.

Put just about anyone in France, and let them live there a
while, and they will become skilled French speakers, even if
they had a prior concept of themselves as ‘not good with
languages’. The same holds true for mathematics, claims
Papert. Part of Logo’s function is to allow user to ‘live in
Mathland’ where there is no such thing as a person who is
‘not good at Maths’. (In an article ‘Logo in the Schools’
(BYTE magazine, August 1982, pp. 116-134), Daniel Watt
reports that ‘teachers found that students who had taken
part in the Logo classes were more willing to ‘argue sensibly
about mathematical issues’ and to explain their
‘mathematical difficulties clearly’.’)

When computers were first developed, memory was at a
premium. Programmers had to bend their thinking to the
demands of the machine (such as integer variable name
starting with specific letters), regardless of how much extra
work this added. The thinking that human beings should
continue to humble themselves before the computer’s
demands has continued. Although BASIC is relatively easy
for a computer to interpret, and easy to teach, it is not a
flexible language, and labyrinthine program constructions
are sometimes needed. Papert and his team at MIT decided
when developing Logo that they would not allow their work
to be limited by computer technology. Rather than gear
their thinking to the cheap (for the time) computers
available when they began their work in the late sixties, the
team worked with the biggest mainframes they could.

The most familiar aspect of Logo is ‘turtle graphics’ when
the computer controls the movement of a ‘turtle’ (a
triangular shape on the screen) which leaves a trail behind it
as it moves. Therefore, if the turtle moves up the screen for
an inch, turns through 90 degrees and moves another inch,
turns and moves, turns and moves again, it will have traced
out a square.

Turtles move in ‘turtle steps’ (with a screen being about
200 turtle steps high). A turtle command is often in the form
of a direction (such as FORWARD) followed by the number
of turtle steps, so FORWARD 10§ would cause the turtle to
move half way up the screen (FORWARD is the direction
the triangular cursor is facing).
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With Logo, the computer can be taught a sequence of
moves, such as the one we described to trace out a square,
and the sequence can be ‘remembered’ by the computer
under the name, say, SQUARE. Then, whenever we want
the turtle to draw a square, we just enter SQUARE.

A sequence of moves like this is called a procedure. The
process of drawing a square could be even simpler. Think of
FORWARD 1@§. The computer draws a line up the screen.
The word RIGHT followed by a number turns the turtle to
the right the number of degrees specified by the following
number, so RIGHT 9§ will make it turn through a right
angle. Moving FORWARD 1¢§} again will draw a line at
right angles to the first. Follow this with RIGHT 9% and the
turtle will turn through another 9§ degrees (and will now be
facing down the screen). Going through the sequence
FORWARD 10 RIGHT 9§ four times will draw a square.

This should give us a hint as to how the procedure
SQUARE can be created more simply. The Logo word
REPEAT means just that. A number follows REPEAT, and
the computer repeats the instruction which follows the
number however many times are specified. So, to create a
square-drawing program, we need the following:

TO SQUARE
REPEAT 4 [FORWARD 10p RIGHT 9]
END

Note that the first line of this program, TO SQUARE, is
the procedure title line. Run it, and the computer then
knows what a square is, and can produce one, whenever it
encounters the command SQUARE. As I'm sure you can
appreciate, there is no such facility in BASIC for creating
new commands at will.

Logo has other wuseful commands, such as
CLEARSCREEN, and PENUP (which ‘lift the pen’ from
the screen) and PENDOWN. You can draw a line, lift the
pen up and move it to another part of the screen, put the pen
down and continue drawing.

Looking back to our definition of the procedure
SQUARE above. You can see that if we had a way of
entering the size (the 100 in our example) each time we ran
the program, SQUARE could be used to draw squares of
any size. Logo allows for this. If you include the variable
name in the procedure title line, preceded by a colon, the
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computer will wait for you to enter the required
information.

TO SQUARE :LENGTH
REPEAT 4 [FORWARD :LENGTH RIGHT 9]
END

To run this, you enter SQUARE 64 (replacing 64 with the
side length you choose).

From this, it is easy to see that we could do much more
than just change the length of the side. We could easily
define a procedure which allows you to specify not only the
length of the side, but the number of repeats, and the angle
through which the turtle will turn. If you’re creating mental
pictures of the effects of each of these changes, you’ll see
what a powerful tool we now have on our hands.

TO SHAPE :MANY :ANGLE :LENGTH

REPEAT :MANY [FORWARD :LENGTH RIGHT
:ANGLE]

END

This simple procedure holds a wealth of extraordinary
effects.

To draw a triangle, with sides 35 steps long, you’d just
enter:

SHAPE 3 124 35
A star with each line 55 steps long could be drawn with:
SHAPE 5 144 55

We will end our brief introduction to turtle graphics by
pointing out that once the computer has been taught a word
such-as SQUARE, this procedure can be used within further
definitions. That is, if you wanted the computer to print a
shape, then move just a little to the side, then draw the
shape again, and repeat this a number of times, you could
define the following procedure (assuming that the procedure
SQUARE had previously been defined):

TO AMAZING :MANY
REPEAT :MANY [SQUARE 5§ FORWARD 1]
END

There are four important features of Logo:
PROCEDURES: the language works by defining
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sequences of steps called procedures which are then called.
Procedures can incorporate other procedures. The closest
BASIC equivalent (and it is generally NOT helpful to learn
Logo by drawing attention to barely-equivalent BASIC
statements) would be a series of subroutines which were
called by name (such as GOSUB PAUSE, where PAUSE
was a variable which had previously been assigned a value of
the line number where the subroutine PAUSE began).

INTERACTION: Any command, whether it is one which
is part of the original language (such as FORWARD or
PENUP) or one defined as a procedure, can be triggered
just by entering the command, such as the word SHAPE or
SQUARE.

LISTS: The language supports compound structures
called lists which are much easier to manipulate than are
data structures such as arrays. They can be manipulated very
flexibly. Procedures can be handled as lists.

TURTLE GEOMETRY: The ‘cybernetic animal’, the
turtle, will follow instructions to draw shapes on the screen.
Turtle graphics have proved an ideal way of introducing the
concept and practice of computer programming, and also as
the basis upon which a computer-based mathematics
curriculum can be built.

Further reading on Logo:

Mindstorms: Children, Computers and Powerful Ideas -
Simon Papert (Basic Books, New York, 1980)

Logo for the Apple II — Harold Abelson (BYTE/McGraw
Hill, Peterborough, 1982)

Learning Logo on the Apple 1I — Anne McDougall, Tony
Adams, Pauline Adams (Prentice-Hall of Australia, 1982)

The August 1982 (Volume 7, number 8) issue of BYTE
magazine is dedicated to Logo and is an extremely useful
introduction to both the language, and to its implications.
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PROLOG - PROgramming in LOGic

In 1972 work by Kowalski, Colmerauer and Robinson
culminated in Colmerauer’s implementation of a new
computer language PROLOG. Logic has existed since
Ancient Greek times as an accurate language for expressing
problems. PROLOG allows problems descriptions written
in a form of logic to be run on a computer.

Since 1972 many implementation of PROLOG have been
written for different machines. Now, a version of the
language, micro-PROLOG [Clark, Ennals and McCabe
1981], [Clark and McCabe 1983], has been produced for the
Sinclair Spectrum. Micro-PROLOG is a full implementation
of PROLOG for microcomputers and the Sinclair version
also supports the sound and graphics capabilities of the
machine.

The language can be used in many different ways and for
many different applications. One of its most powerful
features is the ease with which it can be customized for a
particular application by constructing a ‘front-end’. This is a
program that allows the use of the language in a particular
manner by providing various operations. As an example a
‘front-end’ might be written to provide LOGO-style
graphics [Steel 1983a).

At Imperial College, London a front-end called Simple
[Ennals 1982] was developed for use in schools. Work in this
area is by no means complete and new versions are under
development at the present time. Simple is provided as part
of the micro-PROLOG package for the ZX Spectrum. All
the PROLOG in this chapter will use the Simple front-end
syntax.

Learning to describe problems
In order to learn to program in PROLOG very few
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‘traditional’ computing ideas are necessary. What is
necessary is the ability to describe things clearly and
accurately. As an example, we will examine PROLOG’s use
in exploring woodland ecology [Steel 1983b]. This subject is
sufficiently well understood by non experts to be explored
without us having to learn the subject first. It has formed the
basis for a number of introductory courses for teachers
learning PROLOG.

A program usually starts with a collection of simple facts.

owl is-a bird
sparrow is-a bird

fly is-a insect
hogweed is-a herb
beech is-a tree

DDT is-a insecticide
mole is-a mammal
mole eats hogweed
sparrow eats seeds

Facts such as these can be given to the computer exactly as
they are, using the Simple command add ( ).
e.g. add (owl is-a bird)

Small changes have to be made to the English sentences
we would normally use in order that they are accepted by
Simple PROLOG. Each sentence, in this case, has been split
into three parts: the names of two objects and a relationship
between them. Hyphens are used when we would normally
use a space in English.

Rules, connecting these facts, can also be added.

x is-a plant if x is-a herb (i.e. something is a plant if it is
a herb)
X is-a plant if x is-a tree
X is-a animal if x is-a bird
X is-a animal if x is-a mammal
X eats y
if x is-a bird
and y is-a insect

In these rules x and y are variables. They stand for
unknown values. The last rule contains the information that
all birds eat insects. We will complete our ecology example
with a few more rules.
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x bad-for y if x eats y

x bad-for y if x is-a insecticide
and y is-a insect

x bad-for y if y is-a plant
and x eats seeds

Once a collection of facts and rules have been established,
the Simple front-end provides a set of questions that can be
asked to use the information. The first sort of question
checks that some fact is known by the computer. Does the
computer know, for example, that a mole is an animal? We
can ask this question as follows.

does (mole is-a animal)
YES

Only information known by the computer is used to
answer the questions asked. Sometimes this will lead to
surprising answers.

does (cat is-a animal)
NO

The computers answer NO because it does not know
about a cat.

A much more powerful question is provided when a
YES/NO answer is insufficient. It will allow us to find out
what an owl eats.

which (x: owl eats x)
i.e. in English (give an x such that ow] eats x)

answer is fly
no (more) answers

A which question may produce more than one answer and
its form can be more general.

which ((x y): x bad-for y)
i.e. (give x and y such that x is bad for y)

answer is (mole hogweed)
answer is (sparrow seeds)
answer is (owl fly)

answer is (sparrow fly)
answer is (DDT fly)

answer is (sparrow hogweed)
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answer is (sparrow beech)
no (more) answers

It is important to see that PROLOG uses rules to find
answers to questions. Unlike database query packages much
of the information can be generalised. Writing such general
rules is a useful activity for a class learning a particular topic.

A third question that is particularly useful in a learning
environment is why. This allows the computer to explain the
rules it has used in obtaining an answer to a which or does
question.

why (sparrow bad-for hogweed)

(sparrow bad-for hogweed) shown by
(hogweed is-a plant) and
(sparrow eats seeds) ‘

(hogweed is-a plant) shown by
(hogweed is-a herb)

(hogweed is-a herb) is given

(sparrow eats seeds) is given

Expert Systems

Programs, similar to this simple ecology example, could be
written for numerous different school subject areas. On a
larger scale programs using the same ideas are being written
to help doctors, lawyers and planners. These are known as
expert systems: systems that encapsulate the specialist
knowledge of an expert. Once constructed these programs
can be consulted to answer questions, they can explain their
answers and with a different ‘front-end’ they can ask
questions themselves, putting the expert system in the role
of the teacher.

Within the next ten years we may see expert systems
replacing the computing packages being used in schools
today. By using PROLOG it is possible to explore these
ideas now, constructing or consulting expertise in areas of
history, geography or the sciences.
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APPENDIX F

Software houses with Spectrum
-educational software

(As with magazines, with new ones being born each week,
new software houses appear to spring up each day. Refer to
the magazines in the previous appendix for details of new
companies. This list is of houses which have been around -
comparatively speaking — a long time. The inclusion of a
company in this list is not necessarily an endorsement of its
products, and non-inclusion of any company in this list does
not infer or imply anything regarding the products
distributed by that company.)

Calpac Computer Software,

108 Hermitage Woods Crescent,

St Johns, Woking, Surrey GU21 1UF
Junior Education. Eight programs for 7 to 11-age group
English, Maths, Science, etc. O and CSE Chemistry.
Elements, structure, bonding, etc

E.Z.U.G. (Educational ZX Users’ Group),
Highgate School, Birmingham 12
Large number of tested programs

Rose Cassettes,

148 Widney Lane, Solihull,

West Midlands, B91 3LH
Intermediate Maths 1 & 2, English 1 & 2, O level French
revision, maths revision, arithmetic for the under eights,
educational quiz

SCISOFT,

5 Minster Gardens, Newthorpe,

Eastwood, Notts., NG16 2AT
O and CSE study/revision packs in Physics, Chemistry,
Biology, Computer studies (logic gates, etc.), Maths part
1 & 2, Teacher’s Markbook, junior Jungle Maths,
Astromaths, Magic Spell
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Simon Software,

FREEPOST,

New End, Redditch, Worcestershire
11 to 16 age range. Maths 1, 2, 3, 4 & S5, covering area,
ratio, percentages, angles, square roots, indices,
equations, etc.



APPENDIX G

Publications which regularly include
reviews of Spectrum software

(Please note this list is by no means comprehensive,
although it represents the publications which — at the time
the list was compiled — appeared to give regular, and
indepth, reviews of software. As you know, new periodicals
appear to be launched every week, so you should check your
newsagent for the latest titles.)

Educational Computing, ZX Computing,
MAGSUB, 145 Charing Cross Road,
Oakfield House, London, WC2 OEE

Perrymount Road, Personal Computing Today

Haywards Heath .
: 145 Charing Cross Road,
West Sussex, RH16 3HD London, WC2H 0EE

Popular Computing Weekly, (This magazine contains a

Hobhouse Court, ‘software checklist’)
19 Whitcombe Street, Your Computer
London, WC2 IPC Electronic Press,
Sinclair User, Quadrant House,
ECC Pubilications, The Quadrant,

30-31 Islington Green, Sutton,

London, N1 8BJ Surrey, SA2 5AS
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Suggestions for further reading

Many magazine articles, and several books, have addressed
themselves to the subject of computers and education. I
have followed the published material with much interest. In
this chapter are a number of avenues you may wish to pursue
to continue to develop your knowledge in this area.

Magazine Articles:

Memory Recall Test (V Nasser), Compute!, December
1981, p. 129. The article contains a program written for the
Superboard II but it would be easy to adapt for another
BASIC.

Peripheral Vision Exerciser (Ron Kushnier), Compute!,
September 1982, p. 28. Two versions of the program, which
is intended to increase reading speed, are given. One in a
general form of BASIC and another specifically for the
Atari.

Learning With Computers (Glenn Keiman), Compute!,
September 1982, pp. 96-99. General overview of the field at
that time in America, with a valuable appendix of American
periodicals which cover the field.

The Home Computer as a Teaching Aid (Joe Aitken),
Electronics & Computing, March 1982, pp. 38-39. Article
includes ZX BASIC listings for a letter recognition program,
a flash card program, and a third program which
demonstrates the workings of the N.P.N. transistor.

Which Computer Should a School Buy? (Dan Watt),
Popular Computing, December 1982, pp. 140-144; surveys
six cheap computers and assesses their value for education.

How computation process has changed (John Dawson),
Educational Computing, October 1980, p. 15. From the
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same issue: Proving that little is always best (Jim Cocallis),
p. 26. Cocallis presents a solid case for buying a number of
cheaper micros to ensure the maximum number of students
have hands-on access to them.

The Micro-Mathematician (Richard R Parry), Interface Age,
December 1980, pp. 36—40. Several methods of plotting
functions are discussed, together with a program to dump
graph output direct to a printer.

Final Exams — Let the Computer Write Them (Bernard
Eisenberg), Creative Computing, November/December
1977, pp. 103-106. Fascinating discussion on how a program
was written to generate a mathematics exam for students on
a remedial course. One examination paper set by the
computer is reproduced in full in the article.

Reading Matters (Mike and Wendy Cook), Practical
Computing, April 1982, pp. 100-102. Article, with program,
to allow the computer to function as a tachistoscope,
presenting a series of letters or figures on the screen at a
given rate to help children or adults with reading difficulties.

Apples, Computers and Teachers (Don Inman), Interface
Age, October 1979, pp. 68-72. Article describes a short
course given to teachers to acquaint them with possible uses
of the computer in schools.

Instructional Software (Walter Koetke), Microcomputing,
July 1981, pp. 20-22. General comments on the standard of
some educational software on the US market, plus a detailed
list of recommended programs.

Two Short Programs of CAI for Teaching BASIC (R.
Hiatt), Compute!, March 1982, pp. 56-60.

Books:

An Introduction to Microcomputers in Teaching, Andrew
Nash and Derek Ball (Hutchinson & Co. Ltd, London,
1982). Recommended without qualification. This is a
detailed introduction to ways in which microcomputers can
be used in teaching. Topics discussed include: Evaluating a
program; Computer graphics versus other means of
presenting pictures; The function of the computer in
learning; Program code and portability.
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Microcomputers in the Classroom, Alan Maddison (Hodder
and Stoughton Educational, Sevenoaks, 1982). Another fine
book, which discusses (among many other things) using the
computer as an ‘electronic blackboard’ and computer
managed learning.

Practical Guide'to Computers in Education, Peter Coburn et
al. (Addison-Wesley Publishing Company, London, 1982).
This book, plus the two mentioned above, completes the
cornerstone of a solid library on the field. An overview,
complete with examples, of computer applications in the
classroom indicates how wide the potential application of
the machine can be in this area. A warning is also given not
to expect too much when first introducing a computer into a
particular class.

Microcomputers and the 3 R’s, Christine Doerr (Hayden
Book Co., Rochelle Park, New Jersey, 1979). Ways of using
computers in schools to increase student motivation to leam,
and a discussion of the capabilities and limitations of
computers in school make this a worthwhile backup volume
to the first three mentioned.

Computer Software for Schools, A Payne, B Hutchings, P
Ayre (Pitman Books Ltd, London, 1982). The authors
explain they were prompted to write this book by the
scarcity of suitable programs for use in schools when they
first investigated computer use in their own school (Oriel
Grammar School). The book contains ten complete
progams, all of them carefully annotated. Programs include
DRAKE (a history simulation), MENU (nutritional analysis
and VERB (French drill exercise).

Microcomputers in Education, ed. Christopher Smith (Ellis
Horwood Ltd, Chichester, 1982). The book brings together
a wide range of contributors, all of whom have practical
experience of computer use in education. It covers many of
the problems that derive from the use of micros in education
and the training of teachers, looking at such applications as
school administration, special education, computer graphics
and classroom experiments.

Microcomputers in Science Teaching, R A Sparkes
(Hutchinson and Co. Ltd, 1982). Although the book is
biased towards use of Commodore PET computers for
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teaching Physics, the clear (and numerous) programs give
many leads for developing such programs for your own class
use. Program titles include DOUBLE DENSITY GRAPH
PLOT, CHEMICAL NAMES and TRIANGULAR
WAVEFORM OUTPUT.

The ZX Spectrum Explored, Tim Hartnell (Sinclair Browne,
London, 1982). Companion to this volume, covers a wide
field (including business uses of the Spectrum and 3-D
graphics, plus an introduction to machine code). One
section (pp. 77-110) concentrates on educational uses of the
computer. This section was written by Jeff Warren, an
experienced teacher who runs a company selling educational
software for the Spectrum.

Microl Spectrum, USE AND LEARN - 25 BASIC
programs supplied on cassette with 118-page book designed
to show the potential of the Spectrum, and help develop
program-writing skills. Programs include BINARY
SEARCH, SHELL SORT and WORLD ATLAS.

Pocket Computer Primer, Hank Librach (Micro Text
Publications Inc. New York, 1982). Although designed for
use with ‘pocket computers’, as its title indicates, this book
contains a number of easy-to-adapt programs which could be
of interest. Programs include a survival simulation, an
algebra teacher and a program for working out classroom
statistics.

Learning with the Spectrum, Eric Deeson (AVC Software,
Harborne, 1982). Despite its small size, this booklet
contains ten very useful progams, including a ‘mini-LOGO’
program. The notes on all programs are especially helpful.

Educare’s 50 1K Programs for Primary Education on the
ZX81,K S Goh (Educare, London, 1981). Although written
for the ZX81, nearly all programs can easily be converted to
the Spectrum. Programs are divided into categories,
including arithmetic, mathematical concepts, fun with
words, graphics, special topics and ‘fun and games’.

Pocket Calculator Maths, J Shelton (Collins, Glasgow and
London, 1981). Although written for calculator use, with
care the book can be used with a computer, and should aid
the development of numerical skills.
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The Computer Tutor, Gary W Orwig and William S Hodges
(Winthrop Publishers, Inc, Cambridge, Massachusetts,
1982). A number of worthwhile program ideas in this book,
including a ballistics simulation one, and a quiz to test
synonyms and antonyms.
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Glossary of Computer Terms

Accumulator — part of the computer’s logic unit which stores
the intermediate results of computations

Address — a number which refers to a location, generally in
the computer’s memory, where information is stored
Algorithm — the sequence of steps used to solve a problem
Alphanumeric — generally used to describe a keyboard, and
signifying that the keyboard has alphabetical and numerical
keys. A numeric keypad, by contrast, only has keys for the
digits one to nine, with some additional keys for arithmetic
operations, much like a calculator

APL - this stands for A Programming Language, a language
developed by Iverson in the early 1960s, which supports a
large set of operators and data structures. It uses a non-
standard set of characters

Application software — these are programs which are tailored
for a specific task, such as word processing, or to handle
mailing lists.

ASCHI - stands for American Standard Code for
Information Interchange. This is an almost universal code
for letters, numbers and symbols, which has a number
between 0 and 255 assigned to each of these, such as 65 for
the letter A

Assembler — this is a program which converts another
program written in an assembly language (which is a
computer program in which a single instruction, such as
ADD, converts into a single instruction for the computer)
into the language the computer uses directly

BASIC - stands for Beginner’s All-purpose Symbolic
Instruction Code, the most common language used on
microcomputers. It is easy to learn, with many of its
statements being very close to English

Batch - a group of transactions which are to be processed by
a computer in one lot, without interruption by an operator
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Baud — a measure of the speed of transfer of data. It
generally stands for the number of bits (discrete units of
information) per second

Benchmark — a test which is used to measure some aspect of
the performance of a computer, which can be compared to
the result of running a similar test on a different computer
Bit — an abbreviation for binary digit. This is the smallest
unit of information a computer circuit can recognise.
Binary — a system of counting in which there are only two
symbols, 0 and 1 (as opposed to the ordinary decimal
system, in which there are ten symbols, 0, 1,2, 3,4,5,6,7,8
and 9). Your computer ‘thinks’ in binary

Boolean Algebra — the algebra of decision-making and logic,
developed by English mathematician George Boole, and at
the heart of your computer’s ability to make decisions
Bootstrap — a program, run into the computer when it is first
turned on, which puts the computer into the state where it
can accept and understand other programs

Buffer — a storage mechanism which holds input from a
device such as keyboard, then releases it at a rate which the
computer dictates

Bug - an error in a program

Bus — a group of electrical connections used to link a
computer with an ancillary device, or another computer
Byte — a group of bits, generally 8, which are written to or
read from memory as a single unit. Information is always
stored in whole bytes

Central Processing Unit (CPU) - the heart of the computer,
where arithmetic, logic and control functions are carried out
Character code — the number in ASCII (see ASCII) which
refers to a particular symbol, such as 32 for a space and 65
for the letter ‘A’

COBOL - stands for Common Business Orientated
Language, a standard programming language, close to
English, which is used primarily for business

Compiler — a program which translates a program written in
a high level (human-like) language into a machine language
which the computer understands directly

Concatenate — to add two strings together

CP'M - stands for Control Program/Monitor, an almost
universal disk operating system developed and marketed by
Digital Research, Pacific Grove, California, whose
trademark it is.
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Data — a general term for information processed by a
computer

Database — a collection of data, organised to permit rapid
access by computer

Debug - to remove bugs (errors) from a program

Disk — a magnetic storage medium (further described as a
‘hard disk’, ‘floppy disk’ or even ‘floppy’) used to store
computer information and programs. The disks resemble, to
a limited extent, 45 rpm sound records, and are generally
eight, five and a quarter, or three inches in diameter.
Smaller ‘microdisks’ are also available for some systems
Documentation — the written instructions and explanations
which accompany a program

DOS - stands for Disk Operating System (and generally
pronounced ‘doss’), the versatile program which allows a
computer to control a disk system

Dot-matrix printer — a printer which forms the letters and
symbols by a collection of dots, usually on an eight by eight,
or seven by five, grid

Double-density — adjective used to describe disks when
recorded using a special technique which, as the name
suggests, doubles the amount of storage the disk can provide
Dynamic memory — computer memory which requires
constant recharging to retain its contents

EPROM - stands for Erasable Programmable Read Only
Memory, a device which contains computer information in a
semi-permanent form, demanding sustained exposure to
ultra-violet light to erase its contents

Error messages — information from the computer to the user,
sometimes consisting only of numbers or a few letters, but
generally of a phrase (such as ‘Out of memory’) which points
out a programming or operational error which has caused
the computer to halt progam executions

Field — a collection of characters which form a distinct group,
such as an identifying code, a name or a date; a field is
generally part of a record

File — a group of related records which are processed
together, such as an inventory file or a student file
Firmware — The solid components of a computer system are
often called the ‘hardware’, the programs, in machine-
readable form on disk or cassette, are called the ‘software’,
and programs which are hardwired into a circuit, are called
‘firmware’. Firmware can be altered, to a limited extent, by

224



Appendices

software in some circumstances

Flag - this is an indicator within a program, with the ‘state of
the flag’ (i.e. the value it holds) giving information regarding
a particular condition

Floppy disk — see disk

Flowchart — a written layout of program structure and flow,
using various shapes, such as a rectangle with sloping sides
for a computer action, and a diamond for a computer
decision, is called a flow chart. A flowchart is generally
written before any lines of program are entered into the
computer

FORTRAN - a high level computer language, generally used
for scientific work (from FORmula TRANslation)

Gate — a computer ‘component’ which makes decisions,
allowing the circuit to flow in one direction or another,
depending on the conditions to be satisfied

GIGO - acronym for ‘Garbage In Garbage Out’, suggesting
that if rubbish or wrong data is fed into a computer, the
result of its processing of such data (the output) must also be
rubbish

Global — a set of conditions which affects the entire program
is called ‘global’, as opposed to ‘local’

Graphics — a term for any output of computer which is not
alphanumeric, or symbolic

Hard copy — information dumped to paper by a printer.
Hardware — the solid parts of the computer (see ‘software’
and ‘firmware’)

Hexadecimal — a counting system much beloved by machine
code programmers because it is closely related to the
number storage methods used by computers, based on the
number 16 as opposed to our ‘ordinary’ number system
which is based on 10)

Hex pad — a keyboard, somewhat like a calculator, which is
used for direct entry of hexadecimal numbers

High-level languages — programming languages which are
close to English. Low-level languages are closer to those
which the computer understands. Because high-level
languages have to be compiled into a form which the
computer can understand before they are processed, high-
level languages usually run more slowly than their low-level
counterparts

Input — any information which is fed into a program during
execution
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I/0 — stands for Input/Output; an 1/O port is a device the
computer uses to communicate with the outside world
Instruction — an element of programming code, which tells
the computer to carry out a specific task. An instruction in
assembler language, for example, is ADD which (as you’ve
probably guessed) tells the computer to carry out an
addition

Interpreter — converts the high-level (‘human-
understandable’) program into a form which the computer
can understand

Joystick — an analogue device which feeds signal into a
computer which is related to the position which the joystick
is occupying; generally used in games programs

Kilobyte — a unit of storage measurement; one kilobyte
(generally abbreviated as K) equals 1024 bytes.

Line printer — a printer which prints a complete line of
characters at one time

Low-level language — a language which is close to that used
within the computer (see high-level language)

Machine language — the step below a low-level language; the
language which the computer understands directly
Mainframe — the term for ‘giant’ computers such as the IBM
370. Computers are also classed as mini-computers and
microcomputers (such as the computer you own)

Memory - the device or devices used by a computer to hold
information and programs being currently processed, and
for the instruction set fixed within a computer which tells it
how to carry out the demands of the program. There are
basically two types of memory (see RAM and ROM)
Microprocessor — the ‘chip’ which lies at the heart of your
computer. This does the ‘thinking’

Modem - stands for MOdulator/DEModulator, and is a
device which allows one computer to communicate with
another via the telephone

Monitor — (a) a dedicated television-screen for use as a
computer display unit, contains no tuning apparatus; (b) a
program within a computer which enables it to understand
and execute certain instructions ‘

Motherboard — a unit, generally external, which has slots to
allow additional ‘boards’ (circuits) to be plugged into the
computer to provide facilities (such as high-resolution
graphics, or ‘robot control’) which are not provided with the
standard machine
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Mouse — a control unit, slightly smaller than a box of
cigarettes, which is rolled over the desk, moving an on-
screen cursor in parallel to select options and make decisions
within a program. ‘Mouses’ work either by sensing the
action of their wheels, or by reading a grid pattern on the
surface upon which they are moved

Network — a group of computers working in tandem
Numeric pad — a device primarily for entering numeric
information into a computer, similar to a calculator

Octal — a numbering system based on eight (using the digits
0,1,2,3,4,5,6and 7)

On-line — device which is under the direct control of the
computer

Operating system — this is the ‘big boss’ program or series of
programs within the computer which controls the
computer’s operation, doing such things as calling up
routines when they are needed and assigning priorities
Output — any data produced by the computer while it is
processing, whether this data is displayed on the screen or
dumped to the printer, or is used internally

Pascal — a high level language, developed in the late 1960s by
Niklaus Wirth, which encourages disciplined, structured
programming

Port — an output or input ‘hole’ in the computer, through
which data is transferred

Program - the series of instructions which the computer
follows to carry out a predetermined task

PILOT - a high level language, generally used to develop
computer programs for education

RAM - stands for Random Access Memory, and is the
memory on board the computer which holds the current
program. The contents of RAM can be changed, while the
contents of ROM (Read Only Memory) cannot be changed
under software control

Real-time — when a computer event is progressively in line
with time in the ‘real world’, the event is said to be occurring
in real time. An example would be a program which showed
the development of a colony of bacteria which developed at
the same rate that such a real colony would develop. Many
games, which require reactions in real time, have been
developed. Most ‘arcade action’ programs occur in real time
Refresh — The contents of dynamic memories (see memory)
must receive periodic bursts of power in order for them to
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maintain their contents. The signal which ‘reminds’ the
memory of its contents is called the refresh signal

Register — a location in computer memory which holds data
Reset — a signal which returns the computer to the point it
was in when first turned on

ROM - see RAM

RS-232 — a standard serial interface (defined by the
Electronic Industries Association) which connects a modem
and associated terminal equipment to a computer

S-100 bus — this is also a standard interface (see RS-232)
made up of 100 parallel common communication lines which
are used to connect circuit boards within micro-computers
SNOBOL - a high level language, developed by Bell
Laboratories, which uses pattern recognition and string
manipulation

Software — the program which the computer follows (see
firmware)

Stack — the end point of a series of events which are accessed
on a last in, first out basis’

Subroutine — a block of codes, or program, which is called up
by another program

Syntax — as in human languages, the syntax is the structure
rules which govern the use of a computer language
Systems software — sections of code which carry out
administrative tasks, or assist with the writing of other
programs, but which are not actually used to carry out the
computer’s final task

Thermal printer — a device which prints the output from the
computer on heat-sensitive paper. Although thermal
printers are quieter than other printers, the output is not
always easy to read, nor is the used paper easy to store
Time-sharing — this term is used to refer to a large number of
users, on independent terminals, making use of a single
computer, which divides its time between the users in such a
way that each of them appears to have the ‘full attention’ of
the computer

Turnkey system — a computer system (generally for business
use) which is ready to run when delivered, needing only the
‘turn of a key’ to get it working

Volatile memory — a memory device which loses its contents
when the power supply is cut off (see memory, refresh,
ROM and RAM)

Word processor — a dedicated computer (or a computer
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operating a word-processing program) which gives access to
an ‘intelligent typewriter’ with a large range of correction
and adjustment features
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A SIS comPUTERGUIDE

EDUCATIONAL USES OF THE ZX SPECTRUM
A guide-book for teachers and parents
By Tim Hartnell, Christine Johnson and David Valentine

Have fun and learn something. That is the message of
this book. It is addressed to parents as well as teachers —
in fact to all those who would like to do something more
than thread mazes, play adventure games or zap aliens.

Tim Hartnell and his collaborators have produced a book
packed with ideas and programs: simple and more
advanced mathematics, graphics, languages, spelling,
reading, are some of the subjects which are made
interesting for the learner by using the computer’s
possibilities for interaction and moving display.

Christine Johnson contributes a detailed account, with
illustrations, of how she introduced a computer into an
infant school.

The numerous appendices include suggestions for further
reading, a list of suppliers of Spectrum educational
software, introductions to LOGO and PROLOG, and a
glossary.

Published by Sinclair Browne Ltd., and marketed and distributed by
John Wiley & Sons Ltd.

Cover Design by Jim Reader
lllustration by Martin Salisbury

£6.95 net ISBN 0 946195 14 5 (paper}
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