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ABSTRACT

TORTIS fs a device for preschool children to communicate with and program

the turtle. It consists of several boxes {currently 3 button boxes and two
blox boxes) designed so that only a few new concepts are introduced at a time
but more can be added when the child becomes familiar with what he has.
Hopefully transitions arve gradual enocugh so that the child never thinks talking
to the turtle 15 too hard or that he is "too dumb™. And hopefully playing with
the system should teach such concepts as numbers, breaking large problems into
small solvable steps, writing and debugging procedures, recursion, variables,
and conditionals. Most important of all, it should teach that learning is fum.
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[NTROOUCTTON

TORTIS (Toddler™s Dun Recuraive Turtle Interpreter Syatem] is
a device for preachool children to communicate Wwith and program the
turtie., [t conasiata of several bowes f(currently 3 button boxes and
tuo biox bowxes]l designed =o that only a feuw ned concepts arae
introduced at a time but more can be added when the child becomes
familiar with what he has. Hopefully transitions are gradual enough
go that the child never thinks talking to the turtle is too hard or
that he is "too dumb.” And hopefully playing with the sasystem should
teach such concepts as numbers, breaking large problems into small
solvable stepa, writing and debugging procedures, rFecuUrsion,
variables, and conditionals. Most importanmt of all, it should teach
that learning is fun.

I am hoping that the blox box I8 sufficiently advanced so
that the transition to logo Wwill be easy. And [ would like to expand
the system to include programming music also, as the children aeem to
enjoy noises more than drawing. [ am not sure of the bast way of
doing thia yet and ideas are very welcone.

DESCRIPTION OF THE SYSTER

The turtle is a8 diak about one foot in diameter equipped with
a light, horn, and pen. [t can move forward, backuward, or rotate
about its center {where the pen ial. Hhen the pen is down the turtle
dradws as |t moveas.

The firat bor the child sees (the s=mall commands box} has
nine buttona: "forward", “back®, "right®, "left", "teot™, “pen up",
"pen doun”, "light on®, and "light off"'. Each button evokes an
immediate rasponse from the turtle. Next the child is given a larger
box (the commands box) which has a top row consisting of the buttons
on the small cosmmands box plus a bottom row of numbers frem 1 te 18,
and a "stop" key. The action buttons atill evoke an imsediate
response but an action button preceded by a number buttom causes the
action to be executed that many timea, "Stop" interrupts the turtie
immadiately.

The next box (the memory box] consiete of four buttons:
"start remembering”, "etop remembering", "de it", and “forget it”.
Thia box plugs into the aide of the commanda box. Pushing “start
remember ing” causes a screen to light wup and thereafter lists all
commands. "Stop remambercing” atops adding to the |lat (goes out of



remember model. "Oo it" executes the comsmands in the |iat. "Forget
it" elmara the screen. This enables a child to define one procedure,
but not to edit it.

The blox box wWill hopefully exist within a few months.
Commands are (instead of buttons) blocks. On the top of each block is
a picture representing the command. The blox box provides an array of
holes in which to place the command, There are five rous of 1B
command positions. Above each command position (except the leftmost
of sach row) is a lighted pushbutton. The light indicates where the
turtle is. [f the light is on above some particular hole, the turtle
Wwaits wuntil there is & block there and executes the cosmand
represented by the block. Then the light moves over one peosition to
the right. Pushing any button causes the turtle to stop whatever it
is doing and start where the button was pushed.

Each command position actually consists of three holes of
different shapes. The large hole is for a command, (like "forward")
the nmnarrod rectangular hole is for an optional number block, and the
amall hale ia for an optional conditional block. The conditionala
arg "if front s touching something”, "if back is touching
aomathing”, "if right side is touching something”, and "if left =side
ia touching eomething”. (The turtle has touch senasocrs for testing
these conditions.) The leftmost hole in each row is for the purpose

of naming that row as a procedure. By placing a red bleck in that
position, for inatance, one can call that procedure by placing a red
block elseuhere. [(perhaps it should be legal to redefine the basic
comsands by wsing , them as procedure names like in amalltalk.]) Name
bBlocks are the same shape a5 command blocks.

The ather main concept in the blox bowx (s variables. Part of

the syatem will be a scopa on which will appear five differentiy
shaped poluygons, each With a number written inside. For instance,
triangle might have "31" inside. [f it does, then uaing the triangle

block (shaped |ike a2 number block]l te make the comssand "triangle
foruward"” causes "3 forward" to be executed. Values can be stored in
triangle with the "atore Into triangle” block, shaped either like a
command block or vaguely like a *T". The block shaped like a "T"
allows room for tuwo number blocks and an arithmetic operation block
to facilitate comsands |ike “store 245 into triangle™ or "store
triangle+? into triangle”.

The blox box may sound corplicated but the child once again
ghould be introduced to ned concepts gradually. At first he will asee
only ona rod (the small blox box consists of the top row of the large
blox box as an independent entituyl and have only command blocka. Than
he can be introduced to number blocks, Then in whatever order is
exper imental ly datermined as best (though one at a timel he can ba
introduced to the large blox box, variables, procedure names,
conditionala, and T=shaped value storage blocks and operations.

HOW TO PLAY WITH A CHILD AND TORTIS

The main guality one needs to help @ child play with the
button box is common sense. It is possible to make mistakes though,



since | have watched Fecple “teaching” the preschaool children who
wers oo abominably bad that at least sne child refused to 'move when
her "teacher" was in the room, and others started crying when their
"teachers” yelled at them for "maving fum, not learning, "

The philosnphy of the buttas box is that only a little bit is
shoun to the child at a time, more buttons (and later blocks) being
added only when the child is sure of the previous set. It ia
important that the child never fesl that he is "too dumb" to learn or
that the button box is "too hard® for Pim, Thus it is important not
to propose problems to the child that he cannoct easily solve. In the
back is a3 liat of "projects® in approsximate order of difficul ty.

I have found that the child, if left on his oun uith the box,
often gets into a “loep", for instance hitting "1 toot, 2
toot,...etc.” aver and over, finally getting bored. While there is
nothing inherently ureng in tooting thousands of times {assuming no
nervous homicidal adults trying to work nest doorl, it is a good idea
to give the child other things te do befors he gets bored. [t ashould
Mot be an obsession, though. [f the child Hishes to play uith what he
knous for auhile it ia net necessary to introduce nes things. For
instance, one boy was trying to drau and found it more convanient to
mat use the number buttons. This worried his maother (who was
watchingl because she thought he wasn®t lgarning enough or something,
and she kept nagging him to use the numbers,

[ have tried letting more than one child play with the bosx
=EMUFt&nanu5Iu and that ueually does not werk, It is extremely
important that only one child at g time hit the buttone, since hawing
ancther person pushing the buttons gets confuaing if the child does
not yet understand the box and frustrating if he is trying to draw.
The child must be in command., The teacher may make suggestions but |t
ia up to the child uhethar or not he follous suggestiona. And he
should not have to fight off brothers, sisters, parents, and random
cutsiders in order to play.

There are tuo settings in which I've used the button box. One
is in an affice with relatively feu other distractions. The child had
an appointment and it was clear that that hour Has "turtle time."
This environment worked wall. Tha children stayed interested about an
hour wsually. Left alone in the office oldar children (5 or morel
managed as well as with a teacher and younger children lost interest
quickiy. One flaw in this envircnsent, [ felt, wuwas that the child

could not take a break, since the mother was wsually there and
decided to take the child home at first gign af fidgeting. Another
ia that the child might have felt uncomtortable in such a strange
setting, though [ think most of thenm got over that gquickly. Anmother
problem was too many adul ts. Rany pecple would pass by and come in to
Hatch as well as parents who uere there original ly. So many people
Bven make me nervous and it certainly hothered the children. Parents
Here especially bad since they were anxioua for their child to appear
gmart and conseguently nagged at the children to go onto new things
and yalled at  them for giggling. Parents were a help when they had
the right attitude, however, suggesting projects, laughing with the
kids, playing with thes, stc. The next section containa descriptions
of some sessions under these condi tions,



Another satting uwas a nursery gohool. [§  was a wery
unatructured one. The children were taught to share everuything and
there uas extrema group pressure against playing with a toy and not
letting other children share it. The result was that (with a few
exceptiona)l the children all. bunched around the box and fought over
the Buttons for @ few days and then lost interest, When I tried to
let one child use the box at a time, everyone else atood around
complaining (very unnerving to the kid trying to play with the box)
and insisted on being allowed to play with the terminal, turtle, and
telephone while the other child played with the box, Which of course
made the box useless., A few children occasionally played with the
turtle after that but | was fairly sure that setting was not
conducive for using the bow. The setting 1 attespted to try next was
a very large nursery achool (about 2@ children} Wwith a separate room
for the turtla. Children would be brought wp to play inm groups of
1.2, 0r 3 whenever they wanted to play. Yarious problems (irrelevant
here, like the equipment would not be locked at night, etc.)
prevented my implementing it however. ['m not sure what the best
environment would be. [t seems clear that with younger children you
need an entire adult (pot divided by other responsibilities during
turtle time) and very few children at a time,

It is probably more fun to the child to figure things out on
hie oun. You can act like you are learning with him, "Gee, let's
find a button to do that. Does this?..." but should mot explain too
much. A good wuay to help him learn s to get him to tell you uhat
each key does. [f he has problems getting the turtle to do what he
wants, play turtle yourself with verbal commands from the child. It
there are still problems, get the child to draw the figure he wants
and have a&ither you or the turtle trace that path.

Most important is to have fun lor at least act convincingly
like you are)l. Act excited, praise the child, never criticize. A
four year old's job in life is to have fun, so halp him do his job.

EXAMPLES OF A FEM SESSIONS

John just turned four years old, He was very shy at first and
would not go over to the box wWithout his mother. After sha hit a feu
of the keys, he gradually got more and more interested. After ten
minutes he was totally comfortable with it. He narrated all his
actions like, "Mow [I'm putting the pen down so the turtle can draw.”
"Mou I*m putting his light on ao he can see.” At ome point, the right
whea! started rubbing a bit so | fixed it. He paid, "That'as because
real turtles don"t have uheels. They have legs." He was wvery happy
and was giggling and chattering along with everything, but his mother
kept saying, "Don"t be silly, John, or ["1] take you home."

He would kit 5 toot and count along With it and explain to me
that it tooted & times because he hit 5. He also thought it was a
ot of fun to stop it bafore it was finished.

His mother was very aggressive unfortunately. Hhen [ told her
afteruards that Jobn seemed wvery smart she a8aid, “That's really a
reliaf. | uas afraid he would not sesm as smart as the other children
who had come here." Anguay, with that attitude she constantiy kept
urging him to do different things. So she would say, “But that's sc
glou!" avery time he hit a motion key, since he did not seem to |ike



to use the number keys with the motion keys. HWHhen ahe said that he
mwould invariably hit a 18 next time. I'm Aot asure Whether that
confused him. He might hawe thought that the numbera controlled the
spead inatead of the distance. O he might just have preferred not
bothering =ince he could keep the turtle moving more steadily by
prascing a aslingia ey than by reaching back and forth betHesn two of
thr

The first problems he solved were moving the turtle to
arbitrary points in the recom. He also tried making the turtie unroll
the paper by backing asay a little and pushing 18 forward. He cnly
discovered that stategy after a lot of experimentation.

After about an hour John was told that he had te go and
wouldn't he like to come back some other time. He said, "Me, | want
to stay." Nevertheless, his mother took took him homa.

He came back a week later. He seemed to retain everything he
had learned the firat time. He tried to draw a sguare and ended up
with a triangle. He was not unhappy with it, though. [ showed him
the memory box and he filled the screen a few times but was not
watching the turtle while he did that. After that, though, he ignored
those keys and played only Jith the othera, A 12 year old friend had
coma With him and tried to get him to play with the other keays. She

really interferad saying, "Push this key. MNow push that one."” Jobn
laat intarest about then and his mother took him home. That session
lasted about a3 half hour.

Susan waas the first child [ worked with, She is & 1/2 years
ald. Her motker told ma she uas a8 slouw learner Wwith a8 short attemtion
apan and was a little afraid to bring her hare. She said she didn"t
krnow hou to count very waell, just recognized a few of the numbers.

Susan was afraid te hit any buttons Without khowing first
what it would do. She was wery afraid of making a mistake or getting
people around her angry. She would keep saying thinge |ike, "Which
button ahould [ push now?" [f | asked guestions like, "Can you make
tha turtle come over to us?" she would often automatically say ro.
Sha did gat excited by the toot with the numbers. She did not really
know the numbers. (She recognized "1" and "5" and called "1B" eight)
But she realized that if she hit "7" she could count up from "1°
urntil the key she pushed to find out houw many times it would toot.
She also enjoyed stopping it With the stop key and would say, "I told
it to toot thias far over but | stopped it here.” The concept ex=cited
her so much that she did it over and over and then took the three
pennies ahe had out of her pocketbook and placed them over the keys
[starting at 1) and said, "] have that many pennies.”

During the firet esession she also learmed to control the
light and pen. She aleso could make the turtle move in a atraight
line, but she naver tried using mAumbers with the forward or back
keys. Even after [ shouwsd her how it went further after pushing "1B"
forward she still eontinued puahing only the motion keys. (However
ghe always used numbers Wwith "toot™) She did not understand the
turning keys at all. Hhen [ asked her to describe What the turtle
did when those keys were pushed ahe said, "It moves." | asked her |f
it moved the same way as when foruward or back were pushed. She said,



"Tt doesn®t draw & |ine when those are pushed."

The first session lasted about 45 minutes. At the end [ drewd
a agquare and asked her if she could make the turtle go into a sguare.
(Mot drad one, just move into that placel She then decided she wanted
to drad, herself. Shortly after that her mother took her home.

During the second session | had two  sericus harduare
problems. Firast, the right wheel was not moving veary well.
(conaseguent ly, fordard and right resulted in the same movement,etc.)
Alao the computer would sometimes sepeu several characters to the
turtle. The problems got steadily worse throughout the session. When
I had tested it before she came, the few times 1t did the wrong thing
1 asgumed uwere freak accidents [like lime noisal, Otherdise [ would

have cancelled the session. However it was interesting for a few
reasons. She got very Iinterested in the harduare. She acrewed and
unscrawed the lightbulb and kept asking why the turtle was sick.
Unfortunately she became totally confused about the motion keys. The
second sesaion |asted about one half hour.

The third session went someuhat better. At least everything
uaa working. She did get to understand why it was necessary to turn
the turtle and she did occasionally use numbers with the motion keys.
Her favorite thing was the tooting. | think she |iked |t because she
real ly understood it and liked the power of knowing exactly how to
make the turtle do what she asked. The third session lasted about a
hal f hour.

The sessions were about tuo days apart. She seemed to retain
most of what she had learned from one session to the mext. She would
insiat she did not want to go hore but she would want to draw or run
around or play piano for a while. [t is wunfortunate that the Hay
everuthing was set up, the child could not take & break, since the
mather"s time was tied up the uwhole time the child was here.

Kate is Susan"s 6 1/2 year old sister. She ig already in the
first grade. She had no trouble with anything on the box. She esven
knew whether to push forward or back by checking the turtle®s frame
of reference. She was not guite as good on the turning keys. Tf 1
asked her to think first she usually picked the right key. Otherwise
she would randomly pick one and switch if it was wrong., The firat
game she played was chasing me around the room with the turtie.
Finally | turned it facing opposite me and said, "Hell at least it
will take you auhile to turn it around this time,.” She said, "MNo!
1'11l back it up." Sa she pretty much understood everything. Then she
tried "parking" it wunder the chair which reguired backing off
aometimes in order to proceed further in. This took her @ long time
to figure out but ehe finally succesded, Then she tried draving. Sha
Was not too satisfied with her attempts, mainly becausa ahe couldn™t
grase mistakes and it was hard for her to  judge angles with the
turtle sitting on top of the drawing. She aluways used numbera with
the motion keys. She did sometines make mistakes on right and laft.
lf she wanted to move left about four ateps and she pushed & right
ingtead, she would invariably first push & left to correct and then
another &4 left instead of pushing & left.

After about an hour [ gave her the memory keyboard. Sha



undarstood that easily. And she realized that by drawing a few lines
randomly and pushing 1B "do  it" ahe made prefty pictures because of
the symmatry. She was still very much interested after two hours.
However her mother das getting tired enough so that she had to leave.

Haraha was the youngest child ["ve worked with ao far. She
im 3 172 years old.

The first thing she discovered was the "toot" key. She went
up through all the numbers hitting 1 toot, 2 toot, etc. wp wuntil 18
toot, counting along with It. Then she turned the light on and off.
At firat ahe always used a number with the light keys but then just
hit the keys. The pen commands puzzled her and she asked what they
did: She liked the noise and couldn't understand why 1t made no
noise the second time. {penup does nothing if the pen is already wupl
She had trouble when turning the turtle around aince 1f she used
numbers she would forget whether it had been right or left she had
pushed and she would push the other one. After a wuwhile she
discovered the scope and pressed all the purbers, wsatching them
appear there. Then she pressed buttons and looked at the words.

She had a lot of difficulty making the turtle come to her.
She prassed different keys almost randomly. She uas really surprised
that back didn't mean come to her, aince it pointed to her.
Evantual ly she discovered an algoriths that worked. She would push a
turning key wntil it eventually pointed approximately where she
Wanted. Then she would push aither foruard or back and correct §F it
did tha wrong thing. She really had trouble adjusting to the
turtia’'as frame of referanca.

She did soclve the problem of getting the turtle to an
arbitrary point on the paper, though awkwardiy. 1 then sasuggested she
try to make the turtle drauw something, like a sguare. After much
trouble she eveantual ly got about three sides drawn, but she could not
get the turtle to make the last aide by getting back to its original
poaition.

After about &5 minutes ahe said she was getting tired and
wanted to play with something el se,

Patty is & 1/2 years old. She was afraid to push keys unless
she kned uhat they would do, but she uas not shy. She continuousiy
asked guestions, sometimes to ask what a key did and somatimes to
find out which key would do what she wanted.

She aleo had trouble with adjusting to the turtle's frame of
raferance. She contimued to ask guestions |ike, "What button makes it
go there?" pointing in a direction perpendicular to forward and back.
She used the nusber keys with the motion keys, She tried drauwing a
asgquare but 1t came out very lopsided.

After about 1/2 howr her brother decided he wanted a chance.

Sha |lat him have & chanca but ahe said she could hardly wait until
her next turn.



At this point shs had a chance to watch the scops. She
suddenly noticed a word she recognized when her brother hit "light
on," and called, "hey wou! [t made a word that spelled ‘on'." She
asked him to push all the keys so she could see what it would weite.

She got her turn again after about 1/2 hour. She got really
excited about the scope and wanted me to read sverything it said.
Hhen she eventually started remembering things she'd tell me what it
said. The only words she had kKnown were "up,” "down,” “on," and
"off." She aleso kned the numbers. She complained that "B" looked |ike
"B." The slashed B was confusing her a bit.

Since she was so interested in the scope, | let her play uwith
the memory box. She was not interested in using it to make the turtle
remembar. She just |iked having more words to find out about.

Eventual ly she went back to drawing but ignored the memory
box. She improved somewhat on her previous sguare.

She uwent home after almost three hours (but her brother had
played with it soma of the time.)

Bobbie is B years old. He is Patty's brother. He had watched
his sister at first and started right in. He had been wvery critical
of his sister. "Let W& go. She's not drawing anything good. She"a
just playing."” | asked him if he would like te draw 8 sgquara. Ha had
praviousliy noticed the memory box and asked = about that. He really
wanted to @#es that Ffiret. [ shouwed him Fow it worked. He tried
filling the screen. He couldn't really understand uhat was happening
so he got discouraged. "1 am nmot smart enough for thoee." | said not
to worry about it, ['d shouw him again later. He tried drauing a
fgquaras, but in the middle wanted to try to drasw 8 robot instead. |
gava him a pen and told him to plan what he wanted it to look 1ike.
He got engrossed in drawing, which gave his sister a chance to use
the box again. He wanted to find out how everything worked. Hhen I
told him & computer was getting the characters and translating them
into something the turtle could understand, he wanted to see the
computer. He went for a tour upstairas, Afteruwards he wanted me to
give him some Wire so he could build something electrical. | locked a
little worried or something, because he quickly added. "1 won't try
to build a computer. Just something little.”

His main problem was he was so exclited and wanted to do

everything at once. He uas worried about not having much time, and
there wers so many things he wanted to do.

After almoat three hours, their mother tock them home, but
they both said they wanted to return.

THINGS TO DO
1} turn light on and off
2} turn turtle ao he can ses the |ight

3} turn turtle to show the light to someona alss in the room



4) explain what each button does. (especially the motion onesl If he
says, "it moves® for both foruward and back or "it turns" for both
turning keys, try to get the child to describe the difference batueen
tha buttona

5} meve turtle to arbitrary pointe on the paper (perhaps by placing
several bouling pine around and having the turtle knock them over)

E) get turtle to chase someons (It would be neat to have tuo
childrern, tWo bowes, and tuo turtles and get them to play tag)

7} get turtle to drad uhen it moves
B} move turtle to clean spot on paper (involves lifting the pen)

9) drad flgures like sguares, triangles, (discourage circlasl
lattaras, numbers, atc,

18} draw child's name (lifting pen betueen letters)

11} connect the dots on sosme asurprise drading you prepare

12} park the turtie under a chair

13) drau dotted line (in response to this, one & 172 year old child
made the procedure "penup pendodn penup pendoun penup  pendoun penup
18 foruward” and sald "18 do it." The adults watching were about to
protest that that was wrong when we all realized that that procedure
{because of the flare pen leaking into the newsprint paper) produced
a line of large dots.)

14} introduce memory box

13) teach turtle to draw something so that "do it" does it

14) make pretty suymmetry by repeating something a lot

15) make a short sguare procedure (realizing all you need Iis forward
and turnl

16) teach everything they know about box to aibling or friend or any
available kid {like a passing faculty member)



