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Abstract

TORTIS is a system of special terminals together with software which

is designed to provide programming capability and be accesible for use
by wvery young children. The system is designed to add capabilities

in small increments so that the child is never overwhelmed by too much
to learn at one time, and maintains a feeling of control over the
environment. This systme facilitates learning of wvarious concepts such
as relative size of numbers, frames of reference, procedures, condition
als, and recursion, but more importantly it teaches good problem
solving technigques and a healthy approach to learning.
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Introduction

After watching children learning fo communicate with computers, 1 becams convinced
_ of the valus of the experienca for tha child. But T slso noliced that for many children, the
initial hurdln.nf typing on a conventional heyboard was very discouraging. | decided lo
design a new way of interacting with the computer that, :lthuu;.gh it would not provide the
generality of a full computer language, would provide a rich introduction to motivate the
children to overcome the typing hurdie, and maks many of the advantages provided by the
learning of full compuler languages accessible to children as young as thres or four YEBars.

- The TORTIS system consists of two parts, The first part, the Button Box, consists of
four bulton boxes which plug inte cne another. Each button represents a command. The
second part, lhe Slot Maching, consists of several long reulung.t.lt:r plexiglass rows {each of
. which represents a procedure} with slols in the top for the user to place cards {which
.raprésuﬂ commands).

In a system designed for young children it is i_mpnrtnnl that it be simple, since
children get discouraged quickly if something seems loo confusing or difficult. Tf it is In-::.
simple, however, It will run eut of capabilities, bore the child, and have only limited
educational valus, The TORTIS system daals with this issue by growing with the child, The
syslom is designed m{:dularI;', go that the child starts out learning a simple subsel of the
commands and more can be sdded withau! disturbing the part of the environment that the
child fesls comfortable with, Mare commands are added by pluaging a new bullon box with
a few buttons into the saf of button baxes the child is already familiar with {if tho child is
playing with the button box part of the systom) or by giving the child mare cards {if ho is

playing wilh the Slot Machine). This way the child really has o fezling of control over the



PAGE 5

environment, since if he gels overwhelmed by the new part of the system, he can unplug -
the offending biox or remove the new cards, physically remove ”'IE'ﬂ:r from sight, and
concentrate for a while on the pert of the systam he knows. Later, when he is feeling maore
udir&nturnus. he can retrieve the rewsst part of the system.

While upward compatibility is an imporfant pert of the system, (bacause the child
feels comfortable if he knows that the parl of the system he und;lrsl:mds still ;na.j:-rh tha.
same way he is used to), thers is a trade-off balwesn upward compaltibility and ideal
behavior of the system at di_ﬂarent sltages. The TORTIS system iz, for this _reasm-;, m-:lt
complelely upward compatible. Tha most obvicus transition ptlil'lt. is from the Button Box ta
the Slot Machine, whare everything changes, but there is 3 small incompalibility between
how the Huuth:'n Box s:rs.!em behaves with the most advanced edd-on box, and without it, [
felt this was necessary and not werl:..r lraumatic for the child, espedally because tha first
time the envirenment is disrupted by changing its behavior, tha child is already adept at
and comfortable with tha sysbem. '

Another design issue is how easy the system should maka il for the child to achiove
interesting effects. If it iz too hard, the child will become bored u.nth doing rather mundane
prn]a:!s and will become discouraged if he brias anything har-dar. It it iz too easy to quickly
achieve spectacular resulls, the system will bocome ‘magic”, whore the child follows a rota
procedure he dozs not understand, he will nat re ally feel in control of the :.-rr-.rlmr-meni and
he will not lzarn as much sines he wili nob have to think. With the Bution Box 5ysl’em the
children quickly learn the function of each bulton, but it iz a iftle tog hard for them ta do
enything complicated. This is nat a serious problem since they will graduale to tha Sint
Machinz befors they becoma bared with simple projects. With the Slat Maching it is, if

anything, too casy for Ih: child te achieve spactacular results,
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Why Shou'd Children Communicate With a Computer?

Ta hagiﬁ wilh, it is fun. A computer Is a toy thal never runs out ef capabilities. The
child's first experiance wilh the system involves talking to the "turlle™, a small {12 inch
diameter) circular computer-controlled robot equipped with a light, horn, and pen, and
capabla of moving in a straight line in the direction the light is peinting, or rotating about
its center {where 1.I-m pen ls) ITha pen.can gither be up {off the paper), in which casa tha
turtie does not leave a trace when it moves, or down (touching the paper) in which -;asa.
the turtle draws a line as it moves forward or backward. By expressing himself clearly in
the TORTIS language the child can drive the turtle around the room, drive the residenls of
na_arby offices out of their rooms (by tooting the horn over and over), draw pictures on
the paper or the floor, knock over piles of blocks scattered around tha room, play FLSIc,
play tag with another :Hild and turtle, teach the turlle how to negoliate a maze, or
concentrate on the indirect consequences of commands such as the pictures of o
coammands .ﬂ-.at get displayed on a screen when buttens are pushed or the lights that flash
when the Slot Machine is operating. |

Since learning TOATIS is fun, easy, and nob the kind of ac’c.i.vily 2t which he can be
judged as failing, (there are no error messages bocause every command is understood by
the system and the child fﬂnl::]lrﬂl:ﬂﬂd at his ewn pace) the child should develop a hoallhy
attitude towards learning.

More specifically, there are many rew concepls the child can learn with this syslem.
Since the turtle only understands the cormands “forward® and "turn® and nal commands of
the farm “go that way”, the child has 1o learn about frames of reference and how to

tranzlate from one frame o anather, Wanting to tell the turfle which way to turn will show
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the child the importance of learning the concepts “right™ and "eft”. Whean the child starls
using numbers, ha discovers that there are small and large numbars. Many children know
how o count and knaw how to say the alphalel, but don't realize that it is more significant
that "2" comes bafors "77 than thal "B” comes bafore "G"

: In order to solve tha simple problem of making the turtle go in a direction other than
the one It Is pointing, the child has fo break tha problem down into smllér, Enﬂvahlg sleps,
a valuable problem-solving technique. This technigue is even more impartant in Iar'ﬂhr.-ﬂ:cd
. problems, like the problem of drawing a house or one’s own nams.

In order to draw pictures the child will 12arn geameltry, since he will have to
discover what angles the turlle must turn in order to produce the desired effect. Hs may
discovar, especially with help, such I.acis as that the sum of amounts the turtle turns in
drawing a pelygon-type piclure is constant (a valuable fact to know iF one wanis lo
caleulate how far to turm in drawing a regular palygon with a E.l".I'H‘-I number of sides).

The concept that one can name & cet of commands and use that list l:;f commands
over and over is valuable in lzarning and in expressing onesell, To figure out how to draw
a flower, for instance, the child will usually discover that it is eazier to toach the turtle to
draw a patal, ﬁar-ne the sel of commands fhat cause tha furtle o draw the petal, and use
the new command in the procass of drawing a flower.

The concept of co nd'ul.i.;nals iz easily acquired by "leaching the turtle” (writing a
procedura) to walx forward wnlil it hits the wall, In which case it should stop. (The turtle is
equipped with a touch sensor and it can tell the computer whather it is touching
something),

Anather advanced J:cvncam that may oo zccessible 1o young children is the concept

of variables, guantities thal can chanze in valua, If one uses a variable as the distance the
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turtle shauld travel forward, one can change tha size of the picture the turtie draws by
varying the value of the variable,

It requires a deeper understanding of s problem o explain how to do it to a
computer than 1o do it oneself. If the child teachas the computer how te display a clock
showing a given lime, or better yet, display the curr.enl lirna {it iz possible to find out from
the system what time it is) the child will have a more thorough understanding of how to tell
time than he could probably acquire any other way. |

o Drill and praéﬂu programs are occasionally usaful for learning ﬁm&lﬁng like
arithmetic, howsver itis more fun to use such a pmg-,'r:m if ona ;Arr'rtat it onesell, Drill and
prncti:;gl'pm:‘r:ms are sasy lo wrile, and ths child will certainly play 'n:-ilh .a:n:.r program he
wriles. In ordinary computer sided instruction the child has hittle contral over the
gnvironment, and any of the worthwhile aspects of the CAl gnvironmant can be duplicated
by the child in an environmant the child controls.

The most impartant thing the child learns in an imaginative computer environmant is
a fearless, joyful atlitude towards learning. Very few programs run correctly the first tima.
. One of the most enjoyable aclivities one engages in when nnmmurjllca'ling; with a computer is
. debugging, finding out why the compuler misunderstands what ﬁu want it 1o do. An
answer on @ mulliple choice test is either right or wrong, but the word “wrong” is
meaninglass when applied I::a compuler program, The word "right” is almost meaningless
too, since most programs can be improved or mads fancier. The concept of debugging can
be applied to any skill tha child wishes to loarn, Eyvenluaily the concapl of "failing™ at an
activity will ba meaningless o the child, If ko s not doing tha aclivily as he wanls, ha will

try to discovar whoro tha bugs are anc correct them, instaad of over giving up.
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Tha Bultan Box

The Bullen Bax is the first part of the TORTIS environment to which a child is
introduced. 1t is actually several different boxes of buttans which plug into each other.
The design philosophy is that tha child is presented with only a few new buttons at a time, -
and {except al the beginning of course) thare is always a set of buttens which the child
really understands, If he ever feels overwhelmed by the new buttans, he can remove them

-from sight (which the children often do) by unplugging the ia’te'!-t box and hiding it, and play
with fhe pa.r.t of the environment he feels he has complete control over, When he wanls to
learn something new he can get the next boxful of bultons, with the comforting thaught

that if he .g,nts confused he can restore the state of the world.

ths completa bulton bow:

& ® ® |
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The first box of buttons is the "action box®. Every bulton corresponds to a ﬁnsslbla
action the turtle can parfarm and when a button is pushed the turtle immediately responds.
The bultons are "forward®, “backward”, “rotate clockwise (right)”, “rotale counterclackwisa
{left)®, “toot your horn™, “put the pen down onto tha paper”, "lift the pen off the paper"”,
"turﬁ your light on™, and "turn your light off™. The number of degrees the 1urlr|; turns each
time "right™ or “left™ is pushed can be sot by the teacher when the system is started. 1 will

-pssume in this pilﬂl' that each turn is 5 degrees.

the sction bax: ToA

@
® ©

.

The next box is the “number box™ and adds buttons for the numbers from 1 1o 10, &=
well as a "stop” button which interrupts the action of the turlle. Pushing a number befora
an achion causes the action to get porformead that many limes. If a number is nol pushod

the turtls perferms as Lalore, daing the aclion ona lime.
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the numbsr box:

DBEOEODEOD

- The third box is the "memory box™ It has lour buttons, “start remembering™, “stop

remembering”, “do it%, and "forget it The memory box allows a sat of commands to be
slored and re-execuled. It is used with a display, so that the child can watch as each
command gets stored, and can refer to the list as it gels oxecuted. '

When "starl r:!mamharin.g" is pushad, the display screen lights up in anficipation of
direct commands. When the child pushes a button, the picture on the button is listed n.n
tha screen, and the command iz executed,

Pushing “slop remembering™ causes a line 1o be drawn below all the listed commands,
indicating nothing furthar will be written there (though more can be added by pushing
“start remamben.-inf_" ap ain). '

Pushing "dao it™ causes the entire list of commands on the screen to be executed in
ardar. A box is drawn around the commard currently being executed so the child can F.nltn;luw
alorg. "Do it" can be used with 2 numbar so thal "3 do it™ would cause the screen
commands to be executed 3 times.

Pushing "lorgel it" clears the screan,
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the memory bow: the feur procedure bos:

ﬁl ' [ 7]

O
& @

Q@

The fourth and last of the currently implamented bullon boxes js the “four

procedure box" which adds four colored buttons, each to 3 Quadrant of a screen. Alonz the
boundary of the scresn sach quadrant is colored like the corresponding button. Now "start
remembering”, "do it", and “farget it” require a calor button .nlttrwards. indicaling which
quadrant of the screen is to wrilten on, execuled, or erased. Since "do red” is a valid
command, if cen be used as 3 command in any of the faur procedures, including ilself, so

this box allows subprocedures,
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Exsmple: What Lhe screen will gisplay whan pregrameed with and execuling a procedure to '

drew & sguare, with the turtle stopping to toold occasionally.

ossuning single procedure -  sssuming four procedurs
box used . . ) _hu;: -;u.“
.TE:..'...:lw — T =GREsA : =
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I used the bullon box system with around 25 children aged 3 to 5. | learned several
ifteresting Lhings.
1) Once a child is confused by something bhe gels very discouraged and says, “that is too
hard for me” or "T'm not smart ensugh for thal™, both of which are cerlainly attitudes we
do not wmt. ta cause, so it is important not to give the child new buttons before ha is
ready.
2) Soms children require constant interaction and suggestions about further ﬂing:. to try |
or else they start doing one .‘Ih:lng aver and over and get bored, |
3) The "tool” button is their faverite buttan.
il:ll Many children do not look at the pictures on the buttons and discover to their
amazement afler using the button box quite adaptly for several sessions that the piclures
'ﬂ.l'! the bultons have something to do with what achion the button causes.
S) Most children have trouble with "right™ and "left". Most of the time the children push one
of the two at random and if it is wrong then push the other one. Seymour Papert
discovered a trick the children can use to get the correct command. The child looks at the
turtle, decides how he wanls it to turn and moves his finger in a circle in the desired
direction, keeps his finger moving while moving it over to the bulton, and malches il with
tha proper curved arrow. There is more motivation to get “lorward™ and “backward”
correct the first time bar.aus'; :[hujr draw linzs and can mess up a picture. Moslt children
eventually adapt to the turtle’s frame of reference for “forward” and "backward™ though
almost all are surprised the first time they push "forward™ with tha turtla facing them.

The Entl_s't impartant obzervation was that lor four—year-olds the conceplual leap to
the memary box is loo Iarlgu. Severnl lour year old children did manage to wze tha momory

box but they rever seemed to complelely understand it, There were three possible ways
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that they used if.
1) Thay undarstocd Ill-nat pushing "start remembaring” caused pictures to get displayed on
the scresn, much to their dalight. They would push "start remembering®, fill the screen
 with commands, and than push "forge! it™ lo clear the screan. While playing with the
display thay ignored I.h_n turtle r_-nrnpr;alery, as though the twao things wera complaialy
unrelated. | -
2} They pushed "start remembering”, and lhen, ignaring that anything different was
happening, drew a picture. Then they hit “do it" to get the same picture again. If when
drawing the picture they had, for instance, made the turlle turn the wrong way at first and
then corrected, or stopped to make the turtle toot several times, they were surprised that
the turtle did the same thing when drawing the picture the second time. In other wun-rds
thzy thought the picture was the procedure as opposed to the set of commands the turtle
exwecuted while remambering. While the chéldren were delighted by all the stuff that got
displayed on the screen thay did not realize all those pil.;,lurni were commands aﬁd steps in
the procedure, Even executing the procedure in “slow moda”, where the turtle would wait a
certain amount of lima between steps so that the child could more readily follow the action,
did not cause the child to undersland. Probably the turlle, the display, and the bulton box
are too many things to keep track of at once.
3} Thay pushed soma moving-buitons randamly and then pushed "10 do it™ many times,
realizing that that caused praetty paltorns. While thiz was a lat of fun, it was more a magic
machanical process thal somehow created nice results as opposed to baing something the
child knew he was really controlling. |

In additicn bo the problem thal The jump lo the memary bax is loo large a conceptual

loap, the bulion box has the additional disadvantage that thare is no way to edit
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procedures. Without the ability of easy editing the child does not learn the haalthy concepl
that there 13._.nn- "right” or "wrang”, and that any procedure can be fixed to do what they

want, and even a working procedura can always be .imprnwd. But adding ediling commands
before the child has mastered the four memory bultons would averwhelm the child with teo

many new concepls. To fix these problems | devised the Slot Machine.
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The Slal Machina

The Slot Machine consists of several long rectangular boxes, callad rows. Each row
represents a procedure. On top of the row are slobs into which plastic cards the size of
credil cards can be placed. Each card has a picture on it, representing a command. Al the
left end of each row is a bulton. Pushing thal button causes the commands mﬁrzsenlﬂd by
the cards to get executed in order, A light in front of each slot lights up when the card in
that slot is being executed.: Each row is colored & different color. A solid-colored card
represents a subroutine r.all. to the row of that color. For imtan;m, a red card means, “do
everything in the red row"”,

.The advantage of the Slot Machine over the memory box of the Butlton Box system is
that commands are stored by the child, not by seme magic that occurs when it somahow
enters a different mode, And the problem of editing gées away.mmpralely. If the child
wishas lo move a eommand, or change il, he simply moves or removes the corresponding
card.

The Slot Machine is a very general purpose device. The languaga Fn'!plemtn-fad on it
is easily changed around and experimented with by using a different set of cards (cards
are cheap and easy to make) and modifying the program that runs it. For instance, Jean
Bamberger's music system is.easy to implement. Each card can represent a tune block.
Rows can even be run simultansously so that two tunes can be play=d in harmony.

The Slat Machine has the same advantage that the bullon box system does, in terms
of adding lo tha language in reasonzble increments. The child can start oul with a small set
of cards, and he given more casds when ha is raady. He doasn™ hava to use the new cards

if he staris feoling insecure about not unlerstanding the new part of the syslem,
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I think it is important thal each slol conlzin ream for an enlire command, e, 1 would
not be happy with the child having to place part of the command, say a conditional, in one
slol, and the rest of the command in the next slot. In the language | envision {or the Slot
hachine {only part of it is implemented; the rest will be implemanted after more is
observed about how children react to what is there), there will be three ditferent kinds of
cards-——-number cards, action cards, and conditional cards. The three kinds of l:an.:ls will have
different heighls so that all three pictures can be read when all three cards are present in
- a slot. In the basic Ianguag:-l:lwhat is I:L-Il'-l'l‘.:nﬂ:p' implemented) there are action cards
_ {picture cards for the turtle functions, solid colored cards for subroutine calls, and end of

procedurs cards) and number cards,

action cards:

e

T TS | e ][0 [ |
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rwnber cards:
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Exempie: A Slot Hl:h‘-'rm program to dred a square end tool.

S —

".'-:‘.'_' Pt "':7-"'-r-"'l F -*l-:.*-‘---*“'l—’ AT A L

Since a display is not nesded to display a listing of programs the child hes made (as
is done with the bulton box), the display can be used to draw piclures instead of having
the turtle draw them on the floor. The “display turtle™ is a triangle displayed on a screen
which obeys the same commands as the foor turlle (except it doesn't have a light ar horn
and it understands CLEARSCREEM). The display turtle is faster and more accurate, and if
the child wanls lo concenlrale on drawing plctures (as opposed to knocking over piles of

blocks or driving the turtle through a maze) the display turtle is much more reasonable to
e .

wiork wilh.

If the children have no problems with learning the basic language, variables will bo
added. When the children use variables, an extra display may be used for the variables, or
a portion of the turtle display can be reserved for them. Or there can be a special

purpose boy with digital readout for each variable.
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The way variables will be implemanted is there will be several (3-5) different shapad
polygons displayed 'I;I'EH"I numbers inside, There will be cards the size of rumber cards with
each polygon drawn on it. Thus the command “triangle tool™ would ma!;.a the turlle tool 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 polygans, Thus the command "write
inta triangle™ writes the number on the number card, or "1” if no number card is usad, into
the triangle variable. In addition, an action eard with a picture of a triangle with a “p&us;'
inside means “add the number lo the valus inside triangle™ With variables spir als are easy
lo program, numbers I:iggur.tha-n "10™ are possible, and arguments can be passed by

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

exonples of varishlne cards, stlion snd number cards:

1 moo

Example: A 5lot Machine program which drews a spiral.
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If the children still have no problems T will try adding conditionals. There will be
currditiunal. cards for "if the furtls iz hitting something®, “if the turflz iz not hitking
anything™, "if triangle is O, and "if triangle is not .ﬂ" {and similar ones for the other
variables). Adding a conditional card to the command in a; slot means that that I:ummn:l

should be executed if the conditional is true.

exampies of conditionatl cards:

NP BRIERE

Example: A 5lot Machins pregrsm which bas the turtle toat and walk in & different

direction when 11 hits something.
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In working w'l_lh the Slob Machine with children zged 4 and up, | have discovered that
it is s0 easy for them to make pretly pictures by plecing a random callection of eards into
the rows that they seldom plan a procedure. The children undarstand what the system is
doing, bacause they can explain whal is happening, and they ean “write” a procedure that
ks specified by someone else, but they will not acquire concepts like sl.lhpn'.:lli:rduras unless
they discover the ussfulness of the concept in projects they are doing for themselves. The
ease of writing and modifying programs with the Slot Machine is therefore almost a
drawback. Also, the size limitalion of the Siat Machine limits the kinds of projeclts the child
can undertake (lor instance it is probably too small to allow a child to write a proceduro to
draw the child's name en the screen). For this and other reasens it is impartant to du.ﬁ'lgn a
full programming language fogether with a highly Interactive environment that would be

accessible to young children to use after the Slal Machine.
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What Does the Child Do With the System?

MNow 1 will relate a typical scenario of a child’s interaction with the system over
several sessions. Each session is aboul an hour long, and the child usually comes once a
week for about ten weeks, This isn't a diary af a specific child, but instead is a description
of what seems to be typical, based on experiances wilth many children,

The first thing the child does is inspect the turlle. Then the .teache;‘ suggests that
the child push some buttons and see what they do. The child does this for a while, and the
" teacher asks the child to verbalize whal each button does. It is typical for the child fo say
that sl four butlons FORWARD, BACKWARDS, 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 function of
gach of the bullons, the teacher starts to suggest projects, like :rn.m-'ing the turtle fo
different points around the room, knocking ever a pile of blocks placed somewhere, or
parking the turtle under a chair. When the child seems able ta control the turtle, the
teacher can suggest the child try to draw pictures with the turtle, like a square or a letter.
Sometimes the teacher prepares a "connect the dots™ picture for the child lo play with, so
that the child can have a surprize picture when he is done,

When the child is co n‘if::;rlable with the beginning button b, the number buttons can
be added. Usually they are introduced with the "toot™ key, and the child spends a long time
pushing various numbers and counting alang to keep the turtle honesl. Uswally in using
numbers with the motion keys, al firsl the child either hits "1" {if he wants a small number)
or "10" {if he wants a large number), When the child starls drawing various projects he

wsually starts using the other numbers toa,
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Al this point the child is ready for the Slol Machine. First the teacher demonstrales
placing a single Lnrd.in the first slot position of a row {and leaves the other rows hidden)
and pushing the bulton to start execution of tha row. The child replaces the card with
othar command cards and pushes the butlon. Then the teacher explains about the light in
frant of each slot position, and by using 2 toot card, and placing it in different locations in
the row, shows how the turtie does the command when the light gets up to lh;ﬂ position
where the card is. The child plays with it for awhile, predicling when the turtle will toot,
Then the teacher suggests the child try putling two loct cards somewhere in the row, and
the child notices how both of thuer.n get executed. Then the teacher suggests the child can
put different cards in the row and they will all et executed. (Most children do not need
this much prompting. It is best if the child works complelely independently, bul the
teacher is theraln to explain things if they get confusing, or suggest projects if the child
cannol think of something to do.)

At soms point the child will swilch over to using the display turlle, 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 turlle is hard o
understand if pre;-.anted at tha beginning, but once the child understands the other turlle,
especially PENUP and PENOOWN, the swilch to a display furtle is not traumatic.

Next the child is giver number cards, and if he already understands numbers on the
button box, he will use them essily. The procedure cards are a little more confusing and
have to be explained. Variows games can ke played wilh procedures, like having the green
procedure consist of & TOOT, and having the red procedure consist of 2 GREEN, and asking
the child to predict how many limos The furtle will tool. In this way multiplicalion is a

useful and understandable concepl. Fecursion seems to be a confusing concept. When the
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children program the green procedure to include a GREEN card, for instance, and after

GREEM has been execuled insida of the gresn procadure a few limes, if lhe child removes

the GREEM card the Slot Machine will “pog its stack”, execuling what is left of the green

©procedure for each time GREEN was called. The children do not undarstand this, and usually
just ignore it.

After a child is this far advanced it Is nol unreasonabla to start on a more complele
lanzuage like Lozo, especially if the child knows the Slof BMachine and Bullon Box are
available to be played wil:h-_l.'ln case he gels overwhelmed for & while), And especially if
the traditional programming environment is improved with display editors, display

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

comfortable.



PAGE 26

Ideas for Fuiure Research

There are certainly improvements that can be made fo both the Bufton Box and the
Slat Machine, Children as :..ru ung as the ones that use this system are not parhicularly
interested in drawing pi.:ture.la- Music seems like it might be a pood activity for children
that age. Thera are different ways of implementing music for very young children. One
obviously bad way is to force them to lype in individuzal noles in something close Yo musical
netation & beller way is 19 use the Slat Machine, and have command cards for cach nole,
with the number argument used as a duration, or to have each card be a “tune block”™ as
used by Jeanne Bamberger. Anoiher pnﬁibili’.[:f is to have the child "draw” the tune on a
display wsing & pointing device, where the vertical position of a line indicales which pitch is
to be played. When the tune is 1o be played, the computer will scan scross the screen at
an even rate of spead, playing whalever pitches have points at the horizontal position of
the scan Pitches cam be quantized, so thal any point within a certain interval corresponds
to a certain note, or frequency can vary continuously 'u-r-l'rh vertical position, which would
make it harder to wrile specific tunes but would produce interesting effects.

Tha Slob Maching has the problam thal initially there is so much that the child hos to
do to get the turtle to execula a command (find 2 card, pul it in a posilion, and push a
button) that it is somstimes 3‘;;“{”” for Them o understand that each card stands for some
zpacific command, An improvemont 1o the Slot Machine, whith might even make the Bullon
Box complelely unnecessary, would be to have The light in front of each siol position be a
lightable pushbulton insteed, such that pushing one of The slat pushbullons would eause
only the command in that I:.I:ﬂ position bo get execubed, bul pushing tha large button on fhe

l21t of a row would still cause the enlire row 1o gel excouled, This would also enablo the
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child to debug a program, since tha child can eauss it to gel executed arbitrarily slowly by
pushing each positien in furn,

The Slot Machine is alza physically too large, and doss nat have enough information
in each position ta really allow numbe r% commands, and conditionals, The size was
determined by the hardware design, especially the lype of sensors used to read the card,
A relatively simple hardwara dezign change would sllow it ta be smailh:r. end contain more
bitz of information in each position, Also, if the Slof Machine could be designed to be .
reasonahbly inaxpensive, many places would ke fo use il

TORTIS is not a eo mplete Proegramming language, Tha children will soon get limited
by the finite number of proceduras they-can write, the ﬁm’l!e'lnngr!_: of the procedures, and
the small size of numbars. Qnce they have mastered all the concepts in fhis system thay
are sophisticated endugh to use a more complets language, evan if they are still physically
oF psychologically incapable of coping with the standard keyboard-orianted languages. The
standard Programming environmant should be modified to accommodata them, and some of
the idzas will be useful for al users of the environment. |

A simple improvement o the standard programming environment, which cuts down on
_the amount of typing necessary, is to usz a “recognize” key, as implamantad in the
timesharing system TENEX. The way this works is that the user, after typing the beginning
of a word, hils thes "r&v:ngnl":crr-" key, If there iz a uniqua command bhat the system knows
zboul which starts with whal has been typed, the system finishes typing that word for the
user. Dtherwise, it can simaly refuse by typing E::.an:h a bell (a5 is done in TENEX » Or it can
gvess. In a system for children, the compytar would probably keep track of all the
eommands a spacific ehild alroady has delined or has utind sccp ssfully, zg opposed ta

Fecognizing all commands that the systam knows about, to minimize the numbaor o



PAGE 28

commands in the list and tharefore minimiza the numbers of characters the child has to
lvpa.

If there is a pointing device available, such as o mouse or a light pen, the syslom can
display the possible choices for m.mman:h, and the user can point lo the correct ane, T7 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
commands™ or “turtle commands”, and when the user points 1o a group, then the list of
commands within that group gets displayed. If the system keeps track of what the child has
bvped, it can guass al a subsel of commands thal Lhe child will want to use next. For
instance, if the child has just typed a command that needs an argument, the system knows
the next thing to be typed must be either @ number, a variable, or a function. If tha
system only displays commands that would be legal in that contest, the user will never
have syntaclic errors.

In a compuler language such as Lisp, where the user is forced to pul parentheses
everywhare, thera is no ambiguity in what is typad, But Lisp code, although easy for thﬂ_
compuler to read, is unreadable by humans, since it is hard to see how the parenthssas
mateh up. In & language like Smalltalk, ithough the cads is not litterad with parentheses, it
iz still hard for humans te read the code, somolimes because an expression can be parsed
" in bwe different ways (if the“user is not Tamiliar with the parsing algorithm), somelimes
hecacse It is not obvious what words are variablos and what are commands, and somelimes
far otkar reasons, If tha system parses the exprossion as the wser bypes it in, it can group
arpuments with the calling funclion, clearly separate commands, and display the program in
a readuble fare. If thare ero embiguilios the user will se2 how the 'sysiem inlends 1o :

proup things, and the user can carrec] Thaun if ha likes.
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Most standard edilors are hard fo use, since the user has ta move around a “cursar”
wilh ‘magic incantations. With a display and a pointing davice, the user can point to the
location he wanls to changs, and the changs will oocur as he watchas, so he will know
exactly what he has done.

For young children espacially il is important to display the execution of a p.rngram,
s0 they can see just what the different commands do, This would serve as an effective
debugging aid, but it is important not to display so much information that the u%er gels
swamped, or 50 liflle as {o hiss exhibiling the information the user needs. Thare is slill a
lot of work to bz done on debugging eids for higher level languages.

Because a syslem designed for young children will be ane that works on minimizing
the amount of work the user must do to get an effect, many of the ideas Tor this system
can be used Tor physically handicapped people. With some work on input devices for the
physically handicapped, a very usable system could be implamanied,

In addilion to work on expanding and improving the epvironment, there iz a whole
area of re;éarch invalving working with children with the system, finding difficullies they
encounter, and eithar inventing new ways to present the concepls they find difficult or

deciding that there is some maturing the child needs in order to gain certain concepls.
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