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.Abstract.

/

.,TORTIe ik-a system of special terminals together with software which
.

is designed to provide _programming capability.and be accedible for use
by very young children. The system"is designed to add capabilities

k f
in smallincrements go.that,the child is.never overwhelmed by too much .
to'learn at one time, and maintains a feeling of control over 'the ..

"environment,. Thip systme .facilitates ,learning of various concepts such
as relative size9tf numbers, frames of reference, procedures, condition

T als, and recursion; but more importantly it teaches good problem

,o solving techniques and a healthy approach to learning.:
. .
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After watching children learning to cornmun!cate with computers, I became-convinced
. . ,

of the value of the experienc; for the child. But I alsci noticed that for 'Many children, the

initial I rdie of typing on a conventional keyboard was v couraging. I 'decided to

d,sign a new way of interacting with the computer- at, although it ould not provide the
i . . . , -. .

generality of a full computer language, would provide rich introduct on to motivate the

children to overcome the typing hurdle, and make many\of.the advantages provided by the

learning of full computel languages accessible to children as young as. three or four years.

The TORTIS system consists of two parts. The'first part, the Mitten eox, consists of

four button boxes which plug intotone another. Each button represents a command. The

second part the Slot Machine, consists of several iltng rectangular plexiglass rows (each of
(

which represents a procedure) with slots in the top for the user to )alace cards (which.

commands).-
,

In a system designed for ybung children it is important that it be simple, since
IP 1.

cPJdren 40 discouraged quickly if semething seems todconfusing or difficylt. If it is Nei'
. -\

simple, however, it will run out of capabilities; bore the child, and have only limited J
educational value. The TORTIS system deals-viith this issue by growing with the child The

II
. /

.
system Is designed modularly, so,that the child starts out Yearning a simple subset of tfis

commands and more can be added without disturbing the part of the environment that the

child feels comfoittable with. More commands are added by plugging a new button box with

a few buttons into the sot of button boxes the*child is already familiar with (if tho child is

pla1Ing with the button box part of the syctcrn) or by giving the child more cards (if he is

playing with the Slot Mathine). This'way the child really h3s a feeling of control over -the

"OP



N.

1

-PAGE 5

environment, since'', he gets overwhelmed by the new part of the system, he can uriplug
. .

the oflendinCbox or remove the new cards, physically remove them from sight, and
, i ' ,

concentrate for a' while on the part of the system he knows. Later,'when he is feeling more
. 'adventurous, he can retrieve the newest part of the system.

,
.

While upivard compatibility is art iMportant part of the system, (becauti; the childC ,

feels cdmfortable if he knoWs that the part of the system he understands still works theA.. *
same way he is used to), there is a.trade-off between upward compatibility and ideal

behavior of the system at different stages. The TORTIS system i for this reason, not
..)!

completely upward compatiple. The most obvious transition point is from the Button Box to

the Slot Machine, where everything changes, but there is a small- incompatibility between
.

how the Button Box systeiat behaves with the most advanced addlory box, and without it. I '
felt this was necessary.and not overly traumatic for the childp especially because the first

time fhe.enviroriment is disrupted by changing its behavior,,thehild is already adept at

and comforts le with the system.

.Another esign issue is how easy the system should make it for the child to achieve

interesting effects. If it is too hard, the child will become bored with doing rather mundane

projects and will become discouraged $ he tries anything harder. If it is too ease to quickly
ri. .

achieve spectacular results, the system will become' "magic", whore the child fol ows a rote

procedure he doei not Underil nd, he will not really feel in control of the environment, and

he will notlearn as much since mill not have to think" With the Button Box system the
7

childreilquickly tear, the-function of each button, but it is a little too ha .for them to do

anything complicated: This is not a serious problem since they will graduate to the Slot

Machine before they become bored with simple projects. With the Slot Machine it is, if

anything, too easy for the child to aehievti spectacular results.

6
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Why Should ChilOren"Communitate Witha Computer?

To begin with, it is fun. A computer is a toy that never runs out of capabilities. The

child's first experience ivith the system involves talkinglothe lurtle", a small (12 inch.,
diameter) circular computer-controlled robot equipped with a I , horn, and pen, and

capable of moving in a straight line in the direction the light is point' or rotating about

Its center (where the peh is). The pen can either be up (off the paper), in wItich case the

turtle does not leave a trace when if moves, or down (touching the paper) in which case

the turtle' draws a tine as it moves forward or backward. B expressing himself clearly in

the TORTIS language the chipicandeVe the tittle around the room, drive the residents of

nearby offices out of their 'robms.(by tooting the horn over and over), draw pictures on
, ..

the paper or the floor, knockVver piles of blocks scattered arourid.th,e room, play music),

chlbeplay tag with another child andlUrtle, tea-turtle how to
.4

negotiate a maze, or

concentrate on the indirect consequences of commands such as the pictures of the
o t

. ...,

commands that get displayed on a screen when buttoris are pushed or the lights th4t flash

when the Slot Machine is operating.

Since learning TORTIS is fun, easy,cand not the kind of activity, at which he can be .

, .

lucked as failing, (there are no error messages because every command is understood by

the system and the child Can proceed at his own pace) the child should develop a hsalthy

attitude towards learning. 7.7"
More specifically, there are many new concepts the child can learn with this system.

, -
Since the turtle only understands the corriands "forward" and "turn" and not commands. of

e

the'form go that way", the child has to learn about frames of reference and hoW to
1rb

tramtats from Orie Varna to anolhef.
Wantin4

z, to tell the turtle which way to furri-wit1 show .,

L. 7
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the child the importance of learning the concepts :Irighrand left". 'When the child strts

using numbers,-fie discovers that there are small and large numbers. Many children know
ea

how to Count and know how to say the- alphabet, but don't realizolhat it is more significant
,

that. "2" comes before "7" than that 13" comes before "T.

In order to solve the simple problem of making the turtle go in a direction other than

the one It is pointing, the child has to break the problein down into smaller, solvable steps,

a .valuable' problem-solving technique. This technique is even more important in larger-sized

problems, like the problem of drawing a house or one's own name.

In order to dr,ew pictures the child will learn geometry, since he will have to

discover what angles the turtle must turn in order to produce the desired effect. Homey

discover, especially with.help, such facts as that the sum of amounts the turtle turns in

drawings polygon-type picture is constant (a valuable fact to know if, one wants to

calculate how far to turn in drawing a regular polygon with a given number of sides),

The concept that one can name a set of commands and use that list of commands

over and over is valuable in learning and in expressing oneself. To figure out how to draw

a flower, for instance, the child will usually discover that it is easier to teach the turtle to

draw a petal, name the set of commands thaf cause the turtle to draw the petal, atiai ie

the new command in the process of drawing a flower.

1 he concept of conditionals is easily acquired by "teaching the turtle" (writing a

procedure) to walk forward until it hits the wall, in which case it should stop. (The turtle is

equipped with a touch sensor and it ca tell the computer whether it is touching

something).

Another advanced concept that may ba accessible to young children is the concept
. *.

of variables, quantities that can chance in value: gone uses a variable a% the distance the

P
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turtieshould travel forward, one can change the size of the picture the turtle draws by

varying the sYaitli of the variable.
r

It requires a deeper understanding of a problem to explain how to do it to a

_computer than to do it oneself. If the child teaches the computer how.to display a clock

'showing given time, or better yet.,0s4s. play the current time (it is possible to find out from
.

the system what time it is) the child will have a more thoroogh understanding of how- to tell

,tine than he could probably acquire any other way.
.. .

Drill and practice programs are occasionally useful for learning something like

1---- .

arithmetic, however it, is more fun to use such a program if one writes it oneself. Drill and

-practice programs are easy to write, rind the child will certainly play with any evograms he
a.

wines. In ordinary computer aided instruction the child.has little control over the

environment, and any of the worthwhile aspects cif the CAI environment fan be duplicated
N

by the child in an environment the child controls.

The most important thing the child learns in an imaginative computer environment is

a fearless, joyful attitude towards learning. Verew programs run corrects:the first time.
el

One of the'most enjoyable activities one engages inwhen communicating with a computer is

debugging, finding out why fheicimputer misunderstands what you want it to do, An

answer on a multiple choice test is either right or wrong, but the word "wrong" is

meeningless'when applied to 'a computer program :The word "right" is almost meaningless

too, since most programs can be improved or made fancier. The concept of debugging can

be applied to any skill tha child wishes to learn. Eventually the concept of "failing" at an

activity will bo meaningless to the child. If ho is not doing the activity as he wants, e will

try .10 discover whore fho buss are and correct them, instead of over giving up. .
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The Button Box is the first part of the TO.RT1S environment to which a child is .

7

introduced It is actually several different boxes of buttons which plug into each other.

The design philosophy is that the child is presented with only a few new buttons at a time,

and (except at the beginning of course) there isalvisys a set of buttons which the child

really understands..lf he ever feels overwhelmed by the new buttons, he4can remove them

from sight (which the children often do) by unplugging the latest box and bias' it, and play
.

with the part of the environment he feels" he has complete control over. When he wants to

learn something new he can get the next boxful of buttons, with the comforting thought

that-if he gets confused he can-restore the state of the world.

the complete button box'

0 @
Q.

0 CI ®
,0

00ee 0
0 0- 0 0 @ ® ® 0 s® 9
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.

The first box of buttons is the "action box". Every button corresponds to a.possibli

action the turtle can perform and when a button is cfushed the turtle immediately responds.
.

The buttons are "forward", "backward", "rotate clockwise ihtr, "rotate,countercr wir iso

(left)", "toot your horn", "put the'pen dowh onto the paper", "lift the pen off the paper",'

"turn your light on", and."turn your light off". The number of degrees the turtle turns each

time "right" or "left" is'oushed can be set by the teacher when the system is started. I will

assume in this paper that each turnis 5 degregs.

ot

the action box:

A
416

The next box is the "number box" andadcls buttons for the numbers from 1 to 10,

well as a "stop" button which interrupts the action of the turtle. Pushing a number before

an action causes the action to get perforrnsd that many times. If a number IS not pushcct

the turtle performs as before, doing the action ona time.



r.
The thir4d box is the "memory box".' It' has four buttons, tatt rereembering",'"stoii

yememberifig", "do it", and "forget it". Th memory box allows a set of commands to be
N

stored and re-executed. It is used withi display, so that the child eon watch as each
I-

command gets, stored, and can refer to the list as it gets executed:,
.

When "start remembering" is pushed, the display screen n teas up in anticipation of

direct commands. When the child pushes a button, the picture clon the button is listed on ,
l - - ,

the screen, and the command is executed. , -r .,
, , ,

Pushing "stop remembering" causes aline to be drawn b low all the listed commands,

1

indicating nothing further will be written there (though more c n be added by pushing'

"stark remembering" again).
.

Pushing do it" causes the entire 4st of commands on th screen to be executed in

order. A box is drawn around the commard currently being ex cuted so the child can follow

along. "Do it" can

commands to be ex cuted 3 times.

Pushing "for t it";clears the screen.

used with a number so that "3 do it" wou d cause the screen

1

.
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41 -

the four procedure,box:

- Of,

The fOurth and last of the currently implemented,buttonbox/5' is the *four
pr edure box." which adds four extlored buttons, each to a quadrant of a screen: AloOg the

bou dary of the screen each quadrat!! is colored like the corresponding button. Now "start

re embering0; "cid it", snd "forget it" require a color button'afterwarcip, indicating which

au drant of the screen is to Aritteh on, executed, or erased. Since "do red" is a valid

ommand, it can be used as a command in ;any of the four procedurp,,inciteding itself, so
ap this box allows sublooceduros.

0:

414' 3
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Example: Whet the screen will display whit! programmed withind execuiiApre.procedure to
.

PAGE

I
drew etsguere; with the turtle stopping to toot occasionally. , .

r

,ssilsoing single procedure

box used age

'5t1 1

c ac
9c 3 sw.:1?,

2 1..7

5 t 4 t,4

10c *

9 c.

t

loco

dr
.

assuming tour procedure

bpx.uSed,

-14
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I used-the button box system wits around 5 children aged'3 to 5. I leoreed several

interesting things. . .t

1) Once a child is confused by som ething lie s very discEraged and says, "that is too

"im-1'm not smart enough for that", bot1)10/ which ar:Ocertainly attitudes we

do not want to cause, so it is important not to give,lhe/child new kittons before he is

ready.

2) Some children require constant interaction and suggestions about further things to try

or else they start cloiCg one thing ove(iiid over and get bored. .

3) The "toot" button is their favorite button.
C. 4

4) Many children do not look at the pictures on the buttons anddiscover to their

amazement after using the button box quite adeptly foi'several sepicins that thevictur. es -------/
. . . ...

on the buttons have something to do with what action the button cruses."
5) Most children have trouble with "right" and left". Most of theiOw the children' push,one

of the two at random and if it is wrong then push the other one: Seymour Papert
. .

Nal
discovered a trick the children can use to geyhe correct command. The child looks at the

turtle, decides how he wants it to turn and moves his`frrtger in a circleln the desired

decoction, lumps his finger moving while moving it over to the button, and matches it with

the proper curved artow. There is more motivation to get "forward" and "backward"*
' correct the first time beclyse they draw lines and can mtss up s picture. Mos( hildrern

,
viiN.../

eventually adept to the twtle's frame bf reference for "forvforeand "back d" thOtgh

almost all are surprised the rst time tthey push "forward" with the turtle facing them.

The most important( bservation was that for four-year-olds the conceptual leap to

'the memory box Is tog large. Several four year did children did manage to use the memory

box but they never geeitiod to completely understan d it. There weg three possible ways

.09

,

a
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that they used it..

1) They understood thatpusl2tng "skillenemtrering" caused pictures to set displayed on

- the screen, much to their de would push "start remembering", fill the screen'r
commands, and then pail "forget r,the screen. While playi4 with the

display theysignored the lurtie completely, as ugh the two things were completely

unrelated.

2) They pOhed "start remOnbering", and they, ignoring that anything different

happenirl,,drew a picture. Then they hit watt ilk" to get the tare picture again. If when

drawing the picture they had, foriestance, made the turtle turn the wrong vfray at first and

then corrected, or stopped to mak%the turtle trot several times, they were surprised that

theturtle did the same thing whet wihg the picture the second time. In Other words

they thought the,picture *as_the proedure as .oppoied to the set o commands t turtle

executed while remembering. kilelhe children-were delighted by All the stuff th tgot

displayed on the Aeon they dicrnot realms all those pictures wee commands and slips is
role

the procedure. Even executing the procedu irrslow mode, where the turtFe would wait a

certainAmoUnf of time between,feps'Ao that child could more readily follow the action,'
dir

did not cause the child to understand. Probably the turtle, the display, and the button box

are too many things to keep track >at once.
- .

3) They pushed some moving,b tons randomly and then pushed "10 do it" many times,
g

realizing that that caused prat patterns. While this was a lot of ftin, it was more a magrc
r , N. ..

.. mechanical process that someh& created nice results as opposed to being something the
'

child knew he was really contr

In addition to the probity that the jump to the memory box is too large a conceptual

leap, tha button box has the adttional disadvantage that there is no way to edit
,

f

16'
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procedures: Without the abilityof easy editing the child does not learn the healthy concept

4,

that there is
11
rio "right" or "wrong ", and that any pr9cedurecan be fixed to do what they

want, and even a working protedure cart always be improved. But.adding editing commands

before the child has mastered the four memory buttons would overwhelm the child with too

many new concepts. To fix these problems 1; devised the Slot Mpchine.

t

A

,

1

Alt

-7
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The Slot Machine

The Slot Machine' consists of several boxes, called rows. Each row ,

represents a procedure.. On tqp..11 the row are slots into which plastic cards the-size of
.

credit cards can tae placed. Each card has a picture cin it, representing a command. At the

' left end of each role Is a button. Pushing, that button causes the, commands represented by

the cards to get executed, in order. Allightin front of each slot lights up when the card inI^ -

that slot is being executed.: Each row is colored a different color, A solid-colored card

represents a subroutine call*, the irOw of that color. For Instance, a red card means, "do

everything in the red row".'

-The advantage of the pot Machine Over the memory bolt of tha'ButtortBox system is

that commands are stored by the child, not by some magic that occurs when it somehow
't

enters a different Mode.* And the Problem of editing gees away cbmpletely. If the child

wishes to move a command,,or change 'it, tie simply. rno4s'or removes the corresponding

p

/car
.

d. /1, . .
:-',...

0 ,.., , .

.i. . The Slot MaCtine is a very generil puEpose device. The language implemented on it
li.

is easily cllanged.arounsil and exc(rimented.with by using a-different setof cards.(cards .
...

(ate cheap and easy 0 make) and modifying. the program thit runs it. For th'stance, Jean
,

eamberger's music system iveasy to implement. Each card can:reprisent a tune block.

Rows can even be run s ultaneouity so that two tunes can beplayed in harmony.
. . L...

The Slat Machine h sIthe simetadyaitneitfat the.button!)ox system does, in termsv , , ,
of adding to the language in reasons iacr ments. The child can stall out with a,small set, , .

of cards, and be given more cards, when he i ..14e sloasn't have tb use the new cards

if he starts fooling insecure about not understanding the new part of tt e system. .-

°

18

'
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l'think it is important that each slot contain room for an entire comrriand, i.e. I would

not be happy with the child having to place part of the command, say a conditional, in one
,

slot, and the rest of the command in the next slot. In the language I envision for the Slot

K4aohine (only part of it is implemented; the rest will implemented after more is

observed about how children react jp what is there),,the e will be three different kinds of

1. ,
,

cardsnumber cards,.action cards, and conditional cards. The three kinAs Of cards will havo

different heights so that all three pictures.can be read when all three cards are present in

, .

slot. In the basic language. (what is currently implemented) there are action cards

.(picture car or the turtle functions, solid-colored cardsior subroutine calls, and end of

procedure cards) and number cards.

Action midst
9

number cards:

1 2 5 6

1 2

0

9 10

6 WA

'.4
4

1

I,

.



(*mole: A Slot Machine prpgra. to draw a square end toot.

et.if

PAGE 19

. r (

)

4

.
-...-- ,

.. .
Since a display is not needed to display a listing of programs the child has made, ee

,
. 1 . 4 .Is done with the button box), the display can be used .to-draw pictures instead of having

the turtle draw them on the floor. The "display turtle" is .a triangle displayed on a acrein

which obeys Woe same commands as tile floor turtle (except it doesn't have a light or horn

and kunderstends CLEARSCREEN). The display turtles fester and more accurate, end if

'rifta child want! to concentrate on drawing pictures.(as opposed to knocking over piles of

blocks ofrdriving the turtle through a maze) the display turtle is mikh more reasonable to
-

work with;
1

If the childfin have no problems with learning the basic language, variables will be

alif2id. When the children use variables, an extra display may be used for the'v4teb4es, or

;portion of the turtle display can be reserved for t

purpose box with deal repdout for each variable.

. Or there can be a special

F

2t
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The way variables will be implemented is there will be several ('3-5) different shaped

polygons displayed with numbers inside. There will be cards the size of number cards with

each polygon drawn on it. Thus'the command "triangle toot" would make the turtle toot its

horn the number of times indicated inside the triangle on the screen. There will be action

cards with a, picture of a pencil writing into one of the polygons. Thus the command "write

into triangle" writes the number on the number card, or "1" if 'no number card is used, into

- the triangle variable. In addition, an action card with a picture of a triangle with a "plus"

Inside means "add the number to tfie value inside triangle". With variables spirals are easy
, -

to program, numbers bigger than "10" are possible, and arguments can be passed by

setting the value of a variable before calling a procedure that uses it.

. C.

examples of variable cards, action and number cards:

A 'TT 0

Example: Ajlet MAchine program which draws spiral.

5

.
A

4 .,mr ,ugageffmamegg

2.1

'

de



6

d

PAGE 21

If the children still have no problems I will try adding conditionals. There will be

*conditional cards for""if the .turtle is bitting something", "if the turtle is not hitting

anything", "if triangle is 0", and 11 triangle is not 0" (end similar one for the other

'varlibles). Adding a conditional-card to tFil command-in a slot means that that command

should be executed if the conditional is true.

(
examples of condi4lonal cards:

a

s

3

Example: A Slot Machine geagram which has tht turtle toot and walk in ifferent

direction when it. hits something. 4,

-4k
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In' working with the Slot Machine witfrhildren aged 4 and up, I have discovered that

it is so easy For them to make pretty pictures by placing a random collection of cards into

the rows that they seldom plan a procedure. The children understand what the system is

doing, because they can explain what is happening, and they can "write" a'rocedure that

is specified by/someone else, but they will not acquire concepts like subprocedures unless
')

they discoQer the usefulness of the 'concept in projects they are doing for themselves. The

ease.of writing and modifying programs with the Slot Machine i;,therefore almost a

drawback. Also, the size limitation of the Slot Machine limits the kinds of projects the child

can undecteue (for instance it is probab, too small to allow a child to write 'a procedure to

draw the child's name on.8fie screen). For this and other reasons it is important to design a

full programMing language together with a highly interactive environment that would be

accessible to youngchildren to lite after the Slot Machine.

ss,
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What Does the Child Do With the System?

PAGE 23

Now.), will relit. a typical scenario ota child's interaction with the system over

several sessions. 'Each session is ibout an hour long, and the child usually comes once a
.

Week for about ten weeks. This Isn a diary of a specific child, but instead is a description'

of what seems-to be typical, based on experiences with many children.

The first thing the child-dos is inspect the turtle. Then the teacter suggeits that

the child push some buttoni and see what tfply dol. The child does this for a while, and the

teacher asks the child to vet 3e what each button does. It is typical for the child to say

that all four buttons F6RWARD, CKWARDS, RIGHT, and LEFT, "make the turtle move ". The

teacher asks about how each of those buttons differ.

When the child-is reasonably comfortable with the box and knows the functibn of

ch of the buttons, the teacher starts to suggest projects, like Moving the turtle to

ifierent petits around the room, knocking over a pile of blocks placed somewhere, or

parking the turtle under a chair:NWhen the child seems able to control the turtle, the

teacher can suggest the child try to /raw pictures with the turtle, like es,are or a letter.

Sometimes the teacher prepares a "connect the dots" picture for the child to play with, so .

that the child can have a surprise picture whep he is done.

When the child is comfortable with the beginning button box, the number butfons can

be added. Usually they .are introdiked with the "toot" key, and the child spends a long timd

pushing various numbers and counting along to keep the turtle honest. Usually in using

numbers with the ouVion keys, at first the child either hits "1" (ii he wants a small number)

or '10" (if he wants a large number). When the child starts drawifil various projects he

usually starts using the other numbers too.

e
4
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\
At this point1jhe child is ready for the Slot Machine. First the.teather demonstrates

a

placing a single card in e first slot position of a row (and leaves the other rows hidden) .

and pushing the button to start execution of the row. The third replaces the card with

other command cards and pushes the bull n. Then the teacher explains about the light in

front of each slot position, and by using a toot car placing it in different locations in
-

the row, shows how the turtle does the command when the light =is up to the position"

where the card is. The child plays with it for awhile, predicting when the turtle-will toot.

Then the teacher suggests the child try putting two toot cards somewhere in the row, and

the child notices how both of them get executed. Then the teacher suggests the child can

put different cards in th;7ct and they will all get executed. (Most children do not need

this much prompting. It is best if the child works completely independently, but the

teacher is-there to explain things if they get confusing, or suggest projects if the child

cannot think of something to do.).

At some point the child will switch over to using the display turtle, since it is too

difficult and unrewarding to make pictures with the real turtle, which is slow and

Inaccurate, and which obscures the picture, it is drawing. The display turtle is hard to

understand if,i4sented at the beginning, but once, the child understands the other turtle,

especially PENUP and PENDOWN, the switch to a display turtle is not traumatic.

Next the child is gives number cards, and if he already understands numbers on the
\s. .4*

button box, he will use them easily. The procedure cards are a little more contusing and

have to be explained. Various games can be played with procedures, like having the green

/ procedure consist 01.4 TOOT, and having the red procedure consist of 2 GREEN, and-asking

the child to predict how many times the turtle will toot. In this way multiplication is

useful and understandable concept. Recursion seems to be a confusing concept. When the

25



PAGE. 25

--.
io

children program the green procedure to include f GREEN card, for instance, end after

iGREEN has been-executed inside of the grepn procedure.a feL times, if the child removes

the GREEN card the Slot Machine will "pop its stack`', executing what is left of the green

procedure for each time GREEN was called. The children do not understand this, and usually
..-.

just ignore It.
. 0.

-/ 6 , After a child is this far advanced it is not unreasonable to start on.e more complete

language likertogo, especially if the Child knowi the Slot Machine and Button Box are

available to be,played with case he gets overwhelnied for a while). And especia(Iy if lk,-4

the aditoopal programming environment is improved with display editors, display

debuggers,. and pointing devices, the transition to it from the Stot Machine can be

comfortable.

1
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There a re certainly improvements that can be. made to both he Button Bpx and the

Ideas forIUturegesearch
ca
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Slot Machine. Children as young as the ones that use this system ate not particularly

Interested in drawing pictures. Musle_seems like h might be a good activity for children

that age There are different ways of implementing music for very yoting child ren. One 44

obviciesly bad way Is tofotce them to type in individual notes insomething,,olose to musical

notation. A bitter way* td use the Slot Machine, andhave command cards for each nolo,
t'

withthe number argument used as a duration, orb have each card be a "tune block" as.7
% '-

used by lore Bamberger. Another possibility is to have the child "draw" e tune on a 4

display using a pointing device, whers the vertical position of a line indicat hick pitch, is

to be played. n the tune is to be played, the computer will scan acrd the screen at
.-

an even rite of sped, plajAilliwhatever pitches have points at the horizontal position of
.

Vie scan. Pitches can be quantited, so.that anybi;st within a certain intervalclrresponds
.

to a certain note, or
it-

frequency can vary continuously with vertical pOsition, which would

.
make it harder. to write specific tunes but would pre interesting effects.

....._,_

. .
The,Slot Machine haft the problem that initially there i$ so much that the child has to

..

. P
-.. .

l
do to get the turtle to execute a comma (find a card; pot It hie position, and ptsh a

i , .. .r
button) that it is sometimes difficul or them to understand thel each card stands ror4brne

414

specific command. An improvement to the Slot Machine, which might even make the Button
.

Boit completely,-unnecessary, would be to have the light in front of,each slot position be a

lightable pushbutton instead, such that pushing" of the slot pushbuttons would owe

only the commprainhat *it Position to gift itrecaed, Out pushing the large button on the

left Of a row would 011 cAtertiv ientirl row'to get executed. This would also enable the
.- ....

L '/
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or psychologically incapable of coping with the standard keyboard-oriented languages. The

a. 4

,
child cachild to debug a program, since

NI

pushing each position in turn.

./

' Ai

/
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Buse it to get execJarlic-arily slow8ly by

The Slot Machine is also physically too large, and does not have enough information

in each position tb-seelly allow numbers, ccImands, and conditionals. The size was

determined by the hardware design, especially the type of sensors used to read the card.

A relatively simple hardware design change would allow it to be smaller and contain more
bits of information in each position. Also, if the plot Machine could be designed to be

reasonably inexpensive, mkny places would like to use it.
..

TORTISitInot a complete prbgramming language. The children will soon get limit d
by the finite number of procedures they can write, the finite 'length of the procedur , and

the small size of numbers. OhcOhey have mastered all the concepts in this system they
. ..

are sophisticated enough to use more complete language, even if they are still physically
i

I

stiefard programming environment shouldte modified to accommodate them, and some of

the ideas will be useful for all Users of the environment.

,'A shnple improvement to the standard programming environment, which cuts down on
-

1

the amount of typing necessary, is to use a 'recognize" key, as implemented in the

timesharing system TENEX. The way this works is that the users after typing the beginning,.
.

of a word, hits the "recognize" key. If there_ is a unique command that the system knows )
./

'about which starts with what has been typed, the system finishel typing that word for the
user. Otherwise, it can simply refuse by typing back a bell (as is done in TENEX), or it. on

guess. In a system for children, the computer would probably keep track of all the

commands a specific child already has ddfinettpr has used successfully, as opposed to
recognizing all commands that th system knows about, to minimize the number'et

28
s .f

*

t

is



a

PAGE 28

commands in the list and therefore, minimize the numbers of characters the child has to

type,

4 if. If there is a pointing device available, such as a mouse or a light pen, the system can

display the possible choices for commands, and the user can point to the correct one. If the

child cannot read, the commands can be displayed as pictures. If there are too many legal

commands to fit on the screen, they can be grouped under headings such as music

IA
commands!" or "turtle commands", and when the user points to a group, then the lig of

commands within that group.gets displayed:, If the system keeps track of what the child has

Iltpea d, it can guess at a subset of commands that the child will want to use next. For
. ..'

instance, if the child has just typed a command thalieeds an argument, the systign knows

the next thing to be ,typed must be either a number,a variable, or a function. If the

system only displays commands that would bi legal in that context, the user will never

have syntactic errors.

In a computer language such as Lisp, where the user is forced to put parentheses

everywhere, therkis no ambiguity in what is typed. But Lisp code, altho asy for the

computer to read, is unreadable by humans, since it is hard to see how the parentheses

match up. In a language like Smalltalk, althpugh the code is not littered with parentheses, it

is still hard kir humans to read the code, sometimes because an expression can be parsed

in two,different ways (if theuser is not familiar with the'parsing algorithm), sometimes

becausetit is not obvious what words are variables and what are commends, and sometimes

-for other reas,e,\ If the system parses the expression as the user types it in, it can group

arguments with the calling function,' clearly separate tommands, and display the program in

a readblo form. If there are ambiguities Ow. user will see how the 'system intends to

group things, and the user can correct them if he tikes.

29
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Most standard editors 'are hard to use, since the user has to move around a "cursor'
4

teeth magic incantations. With a display and a pointing device, the user can point to the

location he wants to change, and the change dill occur as he watches, so he will know

exactly what he has done.

For young children espetially it is important to display the execution of,a program,
----,._

Cthey can sea just what the different commands do. This would serve as an effective

bugging aid, but It is impo*terit not to display so much information that the user gets

swamped, or so little as to mss exhibiting the information the user needs. There is still a

lot of work to be' one on debugging WO for higher level languages.

Because a system designed for young children will be one that worki on minimizing

the amount of work the user must do to get an effect, many of the ideas for this system

can be used for physical handicapped people. With some wort on input devices for 7

physiCally, handicapped, a very usable system could be implemented.

In additionto,vrorK tin expanding and improvihg the eriroprnent, there is a whole

area of research involving working with children with the system, finding difficulties they

encounter, and either inventing new ways to present the concepts they find difficult or

deciding that there is some maturing the child needs in order to gairi certain concepts.

I
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