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. TORTIS 3L ‘a system of - special terminals together with software which
is designed to provide‘programming capability‘and be accedgible for use
by very young children.” The system'is de51gned 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. Thig systme facilitates learning of various concepts such
B ras relative size™bf numbers, frames of reference, procedures, conditlon -
als, and recursion,’” but more importantly it teaches good problem ’
. solving techniques and a healthy approach to learning.: . \
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T T N 7 Yaweduction . - - v ¢
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After watching children learning to communicate with computers, | became-convinced

.+ of the value of the experiencs for the child, But I alsg noticed that for many children, the

L} "<

couraging. I decided to

initial hardle of typing on a conventional kéyboard was v

‘ dysign a new way of interacting with the'co*mpular; 3, althoygh it would not pravide the

. ger;ora]ily of a full computet language, would.prbvide rich introduction to mofivat‘e‘t'he

-

children to overcome tha ly-bing hardle, and make many\of the advantages provided by the

la:{rning of full computer languages accessible to children as young as, three or four-years. .

. The TORTIS system consists of two parts. The' first part, the BdttOn Bo'x, c0nsists'of
four button boxes which plug into ‘one another. Each button represents a command. The

second park; the Slot-Machins, consists of several lang rectangular plexiglas; rows (each of
¥

which .rep}esents a procedure) with slots in the top for the user to %Jace cards '(wh,ich:

: Ve
reprjtant commands).- °
p .
In & system designed for ybung ch»ldren it is lmportant that it be simpla, since
-

children R‘t di scouraged quickly it sqmelhmg .seems too confusing or di fhcull If it is teo
slmp}o, h0wever, it will run out of capabulmes bore the child, /and have only limited
edwahonal value. The TORTIS system deals-with this i issue by gromnv with the child. The

/
system is daslgned modularly, so that the chald starts out fearhuna a simple subsetl of tHe

commands and more can be added without dlslurbmg the part of the environment that the
' child fesls comfoitable wnth More commands are added by plu:glng a new bulton box with
a few buttons into the set of button boxes the child is :ﬂrcady familiar with (il the child is
pla)"lng wnh the button box part of the syciem) or by g‘iving the child more cards (if he is

playma wa!h the Slot Madune) Thls way the chsld really ha, a feelmg of control over *tho

[ L . .

"
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- enwmnment since " he géts overwbelmed by the ne\; part of the syslom, he can uﬂplug '
lhe offendrng box or remove the new cards, physaca"y remove them lrorn sl;ht and - '\ -
- concentrate for a‘whlle on the pert of the system ;e knows Later,” 'when he i rs feehng more 7 .
'\".’ tdventurous, he can retneve the newest part of the sysle; " ’ S N

. While upwvard compatibility Is arf irnport?l part of the s;stem, (becau(e. the child .
feels c/dmfortable if he knows that the part of the system ha understands still works the *
/\ . same way he is used to), there is a2 trade-olf between upwarmpahbﬂnty and ideal
2 behavior of the sy;fem at’ dufferenl stages. The TORTIS sysfem ie\ for this reason, not '
o cOmplelely upward compattple. The most obwous transnlwn point is frOm the Button Box to ﬁ
. the Slot Machme, where eyerythmg changes, but there is a smqynwmpatubmty betweeg

how the Buttcm Box system behavas with the most advanced edd-on box, and withom it. 1

felt this was necessary and not overly traumatic for the child, qspecrally because the f‘ rst

\hme the enwronmenl is dusrupted by changing its behawor. tha&:hald is already adepl at

¢ ’

. - " and ccmforta%e’ with the system, - . ' R

Another.design issue is how easy the system should make |t for the chuld fo achleve
3nteresting effects. lf it is too hard the child will become bored with doing rather mundane
/‘

pro)ects and will become duscouragedll he tries anything harder. If it is too eas 77 to quickly
]

N 3

Aachieve spectacular results lhe system wnll become "magic”, whore the child follows a rote

A

procedure he does not underst nd he wall not rea"y feal in c0ntrol of the envrror\menl and

he will not learn as much slnce will nol have lo thlnl‘ With the Bution Box syslem the
‘- ghddr‘eq.qu«ckly tear'theﬁunctmn of each buttc:n, but it is a littie too haad.for them to do
.nylhvng c0mpllca!ed‘ This i |s nol a seriols problem since they will graduate to the Siot

Mechme before th-y becoma bored with swnple projects. With the. SﬁMach ine it is, if

4 .

ot enythung. too easy for lha child to eehnevb spactacular results.
— ﬁ : N ¢ R . . -~
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L™ ' ¥ : Why Shoutd Chalyen COmmumcale With.a Computer? -
r To begin with, it is fun. A comauter is a toy that naver runs out of ¢apabilities. The

child's first experiance dith the system involves talkin;“i&.ih’é “turtle”, o small (12 inch

. diameter) circular computer—controlled robot equipped' with a |

, horn, and pen, and *
s .

R capable of moving in a straight line in the direction the light is pointi , or rotating about

its center (where tha peh is). The pen can euther be up (off the papar). in w]’nch case the

} ' turlle does not leavo a trace- when if moves, or down (louchcrﬁthe paper) in whuch case

the turtlo draws 2 hne es it moves forward or backward. By expressing himself clearly in ,
’ the TORTIS language the child.can-drive the Rirtte around the room, drive the.residents of g /
. nearby offices out of their ?obﬁ.(by tooting the horn over and over), draw picturss on

the paper or the floor, knock Over piles of blocks scattered aroundithe room, play musiq.
‘ ) '
play tag with another child and Turtle, teach lhe-turtie how to negotiate a maze, or
concentrats on the indirect consequences of commands such as the pictures of the : -
- §

-

. . ‘S .
commands that get displayed on a screen when buttons are pushed or the lights that flash
v,. . - - -

<

when the Slot Machine is operating. " : o
Shce Ioarning TORTIS is fun, easy,wand not the kind of adwity at which ha can be

ludged'as failing, (there are no error mess ages because every command is understood by

7 .
the system and the child can proceed at his own pace) thp child should develop a healthy  ~

~

ttit do';owa ds | ing. )
. attitu rds learning . ‘ L . ~ |
More specifically, thare are many new ,c‘oncepls the child can learn with this system. '
. . b - \ * . -
Since the turltla only understands the corr;/ands *lorward” and "turn” and not commands: 0!

.
!

-y . . » » ?
the form go that way™, the ch;'!d has to learn about framas of reference and how to
~ ~ I
- . -==-= - - - tramstate trom ond {rame 1o another Wanlinz to tell the turtle whlch way to turn"will ‘show  » ’ ”'
'f\ | F ( \

) s
}EMC L'"' - 4 . .“".
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~ the child the importance of learning the concepts right” ‘and "left"™, "When the child stzt;

using numbers,-he discovers that there are small and large numbers. Many _childre?w' igoow

. PAGE7

14

how to éount and know how to say the alphabet, but don't realize-that it isl more signiﬁca)} -

’ . fhat "2" comes befors "7" than that "B" comes before "G". S (*ﬂ o

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

*+

the one It is pointing, the child has to break tha problem down into smaller, solvaple steps,

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

4 D)

. problem, like the problem of drawing a houss or one™ s own hams.
In order to dr,aw pictures the child will lsarn geOmetry. sincé he wlll have to \
discover what anzlos the turtle must turn in order to produce the desnred e"ect Hamay
giscover, especially with,help. such facts as that the sum of amounts the turtle turns in
drawing s polygon-typ# picture is constant (a valuable fact to know if. one wants to

) salculate how far to turn in drawing a regular polygon with a gl;/or; number of sides)..
; .

. Ths concept that one can name a set of commands‘ and use that list of commands

over and ovar is valuable in learning and in expressmg onose/lf To hgure ou! how to draw

s flower, for instance, the- child will usually discover that it is easlor to teach the turtle to
drsw a petal, name the set of cornmandslthaf cause the turtle to draw the petal, a\r'fdh')
the new command in the orocess of drawing a flower. y

| The concept of conditilcmals.‘is easily acquired by "teaching the turtle” (writing a
procedure) to walk forlward untjl it hits the v.zall, in which :ase it :',hould stop. mie‘ turtle
equipped with 3 touch sensor and it cag tell the computer whether it is touching

something). J

Another adv:nced concept that mayy ba accessible to young children is the concept

[P - .

-

N

\

is

of vamblas, quanﬂhe. that can change in valua: gona yses a vambie & the distance the

v
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turtle_shouid travel forward, one can change the size of the picture tha turtle draws by = \

varying the value of the variable. . e : .

-

| B ) ) N [ - ! ";"\\":«.

It requires a deeper undcrstanding_of a problem to explain how to do it to a
.computer than to do it oneself. If the child teachas the computer how .to dFsplay.a cllockl
'showing\j given time, or better yat.Ja“uplay the current tima (itis possi'bl'o to ftnd out from
< the system what tnms it is) the child wm have a more thorough unders(andmg of how to tell
' /hma than he could probably acquire any other way '
' Drill and pracuce programs are occasionally useful for learmﬂg somethmg like
arilhmehc, howaver it is more fun to use such a program if one wrales it oheself. Drrll and
’prachce pro;rams are easy to write, and ths child will certamly play wdh any ﬂvm he
wr,lt;s ln ordmary compuler aided instruction the child-has little controt over 3he
od erwlronmont and sny of the worthwhcle aspects qf the CAl environmant can be duphcatad
by the chnd in an environment iha child controls.

~f

The most important lhma lha child learns in an imaglnative computer environment is

-

>

~  afearless, joyful attitude lopwards learning: Very tew programs run carrecl!( the first time.

One of the ‘most enjoyable activities one errgages { when communicating with cornpufer is .
B N - A

debugging, finding out why thaxdmputer misunderstands what you want it to do, An
) ’ - Lo
. ’ » ¢ ’ 7
answer on a multiple choice test is sither right or wrong, bul the word “wrong" is
‘ v
' meaningless when applied to ‘a computer program. The word "right” is almos! meaningless

~
‘

4 F

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

-
£ 4

be spplied to any skill tha child wnshes to learn. Eventuauly the concapt of "famngQ an

“activity will bo meaninglass to tha child. If ho is not doing the activity as hé wants, Ra will .

<

try-to rﬁscov'or whord tha bugs are and correct thom, instoad of over giving up.
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The Button Box is the first part ‘f the TORTIS environment to which a chijld is
. introducod Ttis actually sev)eral 'dufferent boxes of buftons which plug into each other.
& . The desugn philosophy is that ths child is presented with only a few new butténs at hme, -
o il and {excepf at the beginning of cour:e) ’there is alw'ays » set of buttons wh!ch the child
rea?ly» understands..lf he aver feels overwhelmed by the new buttons, he‘can remove \tt;eni
. '} . from sight (which th children often do) by unplugging the latest box ln'd.hid'(bﬂ\ it, and play
'with $tha par't of th'e' environment he féels;he has complete c;ontroi over. When he wa'n\s' to
A . , learn something new ha can get the next boxful of buttons, with the comfortmg thought
that-it he gets confused he can restom the state of the world 4
)
the comph’t7 button bok? ‘ ’ N
- Ty :
o | oo _© _ @0
168 o[ ——
) A . ‘
"l 900060 0OO®
- - loe &

»
’
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- The first box of buttons is the 'ar:lion box". Every button corre;po_nds to a.pOssl!?lé

achon the turlle can perform and'when a bulton is pushed the turlle ammedlalely responds.

-

The buttOns are "forward' "backward", "rotate clockwise [right)”, "rotate, counlerc chmso '
iy  rotate clockwise frighty’, \

T

(eft)", “toot your horn”, "put the’ pen down onto the paper™, "lift the pen off ths paper

“turn your light on®, and'"turn your light oft . The number of degress the turlle turns each

9 .

_time “right® or "left” is"pushed can be s.et by the teacher wha'n tha system is started. I will
assume in thi§ paper that each turn’is 5 degregs.

_ @’

o . ) -
the .octton box: , ¢

>, S

O 0
06 8,90

’

The next box is the "number box" and adds buttons for the numbers from 1to lO
well as a sl0p button which mlerrup!s the action of the turtle. Puahmg a nu-nber bc.o',c
an action causes tha action to get pcrlormed that many times. If 2 number is not pushed

+
the turtla performs as bafore, doing tha: action ona time.

/ N

NG |
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the number box:

Y - 4 _
1 ] 3 . - \ < )

r€;®0@00000@0f53

, : |
|
veoo ) - T

o .. . . / 4 . st s . . - . toe -
- The third box is the "memory box™." It' has four buttons, “start remembering”, "stop
\ remambermg", "do lt , and "forget it". jmemory box allows set of commands to be .
, N

' stored end re_-axecuted. It is used with 2 d:splay, 8o that the' ;hlald can watch as each ..
". command é‘e’ts»stored, and can refer to the list as it geis execut%d.’,

v

When "start romombanng os pushed, the dlsplay scredn ﬁghts up in antitipation of

L4

>

direct commands. When the chjld pushes a button, the picture $n the button is l'sted on. *

tha screen, and the ¢ommand |s executed. - - 2 '_ -
. s ¥ . ) ~ .
Pushing “stop remembarlng causes aline to be drawn btlow ail the Iusted cemmands,

indicating nothing further will be written there (though more cén be added by pushing

"start remambering” again).

l'n

I’ushing ~do it" causes the entire |jst of commands on thd screen to be executed in

. v

order. A box is dravyn around the commard currently being exacuted so the child can follow

& -

» C

slong. "Do it" can used with a number so that "3 do it* would cau..e the screen

commands to be exqcuted 3 times. i ' &
e ' T Pushing “forgot il" clears the screen. e T

v
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'l'ho lourth and last loe currently implemanted button baxes is the “four

procedure bo» which adds four wlored buttons, each to a quadrant of a screen. Aloflg the

A e e *\‘
o ’ bou dary of the screen eacb quadrar'l! is colored like the correspondmg button. Now “start -,
-~ /— -
™ re ambermg", *dg it", and "forget it requ:re a color button aftemarcv, indncatlng which b
y T ‘ quidrant of Iho screen is to ﬁrmen on, execﬁted or orased Sinco “do red” is a valid
N ommand, it can be used 8s 2 command m any of the four proudux;s. lncm:ﬁng itself, so .
N N - . *
. *  this box aliows sub%oroceduros : ‘ . oo .
s * LA
) . - N ' . ., . : . < o
. ' B St . ) ' « '
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draw s square, with the turtle stopping to toot octcasi
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1 usoﬁﬂha button box system with around 25 children aged®3 to 5 1 leuf{ed several

interesting (hmgs. ) » ~

2

"1) Once a child is confused d by somethmg he géls very discgﬂaged and says, "that is too

_ \.akim—.% \ “T'm not #mart enough for thaf", bothyal which arb certainly att.tudes we

do not want to cause, so it is important not to gwe,}ha /ehild new ﬁuttom before he is

»

ready . : )
. . iy . .
~ o :
2) Soma children require consl:nt interaction and suggestions aﬁout turther thmgs to try” | ~
7
or else thoy starl g ons thlng over and over and zet bore¢ . . v :
3) The “toot' bullon is their favorite button. -
, ] ) oy
&) Many chldron do not Iook at the plctuns on the buttons and'dlscovcrto their
‘ \/

amazemont after uslng the button box quite adeptly for several so]islons that the’ plctures
'on the buttons hwe sﬁmthing to do with what action the button_ e!uses

5) Most children have trouble with "right” and "left", Most of the ‘tyh tha children push one
of the two at random and if it is wrong then push the other one: ,Soymour Papert = , (\ ‘
discmrod o trigk the childre;n can use to ge /fhe correct comrnand. The child Iook?{; the '

@ !urlie, decides how he wants it o turn and moves Wi Tinger in a circle in the desired
- diucﬂon. keeps has finger movlng whﬂe moving it over to the button, and matches it with ) \ ’
' the proper curved arfow Thore is more mohvatmn to get “forward” and "backward \
- correct the first time bec{gse thoy draw Imes and can mdss up 8 picture sl, hildren -
\/evontually odqpt to the turtie’s frame bf‘refercnce for "lor\\{ard"“ and "backwa.gf thou,

' [ ~ . . . : ’ . ‘
dimost all sre surprised thylut time they push “forward™ with the turtie facing them.

The most important(observation was that for four-year-olds the conceptuat leap to -
& . - , .

he memory box is too large. Several four year dld children did manage to use the memory

box but they nevér geerdnd to complete, undorsgind it. Thare werg three possible ways 4

-/ *
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 that they used it.. & &4~ )

1) They understood that pust)mg "snrt eml:iaring" causéd pictures to get dicplaye‘d on

- the scresn, much to tharr de' would push "start remmborma titl the screen

Y commands, and then push "torget it"fo ¢
. d‘rsplay they, ignored the turtlg corrlpletely, a5

unrelated. 3 ‘. o . <7 . _ ' . -

! 14
@

r the screan. While playma wuth the -

ugh the two thmgs were completely
b

, 2) They p'ytod "start remg\nbori,rtg', and thep, tgnoring that anything different %as
v - K ‘e s s

habpenin;..drew‘ a picture. It\en they hit "du ik to get the :‘.ai,a picture again. If -when

orawiné the oicturo they had, tor-“i'nstnnce, made the turtlo turn the wrong v?y at first and

thon corrected, or stopped to make,‘the turtle tht several trmes, they were surprised that

t_he-turtle did the ;ame thing w wing the plcture the second time. In other words

Ld

they thought the picture v;aatha procedure as opposed to the set o‘ commands t turtt‘e

executed whale romembermg Whnlathe chaldren were delaghted by all the stutt that- got
, displayed on the s&oen thay dnd'not reah all those pictures were commands and st

~ ’ .

tho proceduro Evcn exocutmg the procedutl'r;slow mode®, whare the turt would wait a

certamftmount ot time botwemﬂeps 0 that The child could more readily totlow the ac;,tton, ’

’ dld not cause tho chrld to undot‘stand Probably tho turtle, tha display, and the button box

= >
sre too many things to keep track of at once.

“3) They pushed some movmg-b tons randomly and then pushed "10 do it” many times,
]
rochzing that that caused prstt patterns. Whrle this was a lot of fun, it was more a magrc
\7
. - rnschamcat process that sOmeho‘Vv created nlce results as opposed to baing something the
.‘. [

o

child knew he was really controtti -

~

*

In addition ta the problemy'that the jump to the merh;ry box is too large a conceptual
) 4 i .

leap, tha button box has the ad®tional disndv;r'gt"oge that thare is no way to edit

v . . + .
i 4 . \

.\' - ) v “ \k

y ”
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» . -
P \
procedures. Wuthout the abtllty of easy edntmg the child doas not learn the healthy concept

that there is do ﬂght' or "wrong”, and that any procedure. can be fived to do what they
want and even a workmg pro(:odure carf always be improved. But.adding odltihg commands

‘before tho child has mastered the four memory buttons would overwhelim tho chvld with too

o .
_ many new concepls To fix these problems [ deviséd the Slot Machine. - : RN

. P] . . -
Y .



. credit cards can lge plac;d. -Eoch card has a 'pic\ure on it, representing a command. At thi

" represents a subrouhno calwo the Tow of that celor. For instance, a red card moans, “do ’ >

" rgpresents s procedure. On hb‘f the row are sjots into which plastic cards the 'sjze of

B o The Slot Machine S o

2

The Slot Machine consists. of several/[ong’ "rectangular boxes, called royls: Each rbo‘w' .

. .

left end of each row fs a button, Pushm; that bulton causes the.commands reprosented by
tho cards to get executed in order Mlghl m front of each slot lights up when tha card in

that slol is being exec.uted Each row is colorod 2 dnﬂerent co|0r, A solld—colored card

-

. _— - .

everythmg 1n the red row”. ;) - U .

- ' . )

- The advantage of the Sl’ol Machine over the memory bog ef lhe Button Box system is
<

that commands are stored by the chald not by some magic that gccurs when it somehow

. enters a dufferent mode And the problem of editing gdes away dympletely. i the chrrd

+ wishes to mave a command or change it, ha slmply moves or removes the corresponding

v -

.-card. ' ' /- 0 B

¢ . RO
n /. Tha Slot Machine is @ vory general pugpose device. The language lmplemented on it

is easlly chinged around and exﬁlmenled with by using adpffer;nt set.of ar'ds (cards

ate cheap and easy o make) and modufyun;. the program that runs it. For Fhstlnce, Jean ¢

SRR ¢

. Bambergor s musuc system is.easy to amplement Each card canrepresent 2 tune block. -

-~

Rcws can even be run s ullaneous1y 50 that two tunes can be \played in harmony -

The Slot Machme h s'lhe ;amé,adv?hgaiﬁ:t the, button rox system does, in terms
of addmg loths langua;e in reasonahl.q\mj,ments The child car} start out with a,small set . -
of cards. and bs given more cards, when he 1@ He doasn't hava) use the nev cards

it he slar!s feoling i insecure abcut not understanding the new part of the system.

. . \ . i . .~

s —-—

- X3 - .
L \ 4
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)
o

Hhink it is important that each slot coratain r.oom for an gntire command, i.e. 1 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 m the next slot. In\the language | envision for the Siot
Maohme {only part of lt is implemented; the rest will nmp!emsnted after more is
observed about how children react ;p what is there), the e wnll be three dﬁe?ent kinds of
cards-—numbor cards, actson cards, and condmonal cards. Tha thres kinds of cards will have
diﬂerent heights so that all threa pictyres can be read when all three cards are present in

‘a slot In the baSlC fanguage (what is currently)lmplemented) there are action cards .
(plcture cuj{/ for th‘e turtle functions, solid colored cards for subroutine calls, and end of

procedure cards) and number cards.

.
. \
' ¥
LS . §
" ’ . . ¢
. :
:

PR 16ALE,

| -
o
°
-

TN |

nurber cards N -
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Exemple: A Stot HocM‘m prporam to draw s square and toot. . .
N ) g ' L}

-

(- ' Sl e
\ . »
Since a display is not needed to display a listing of programs the child has made (as

Ld

) is done with the button box), the display can be 'used ,!o'd}aw pictures [ins'tcad of hqvlng
the turtie draw them on the floor. The “dtspiay !urllo“is.g triangle displayed or: . screirg
which obeys the same commands as the fioor turtle (except It dossn't hav/o » light or horn *
: " ond it understands CLEARSCREEN). The display turtle is  tstor and more accurpte, and if

'~Ahve child wants to concentrate on drawing pictures: (as opposed to knocking over piles of »
, blocks of’&rivin; the turtie through a maze) the display turtle is much more raasoqa:le to

. 7 , c9 V) .

work with, o

= It the childeén have no problems with lesrning the basic language, varhb{es will be

. ed. When the children ‘uie veriables, an extra dis? may- bé used for !ho'v}hues; or

> -
8 portion of the turtle dispisy can be reserved for them. Or there can be a special
purpose box with digltal readout for each variable. ' ‘ P .
- iy . ) )
) ’
. -
. 2 T ’ \

R YU ¢




_ selting the valus of a variable befqre calling a procedure that uses il.

-

BN . 7 PAGE20

The way varlables will be implemsnted is there will bg s‘veral (3-5) different shaped

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

L]

each polygon drawn on it. Thus the command “triangle toot" wouldlnuuke the turtle tootits
. '

horn the number of times indicated inside the triangls on the scrésn. There will be action

cards with a picture of a pencil writing into one of the polygbn;. Thus the command "write
into triangle™ writes the number on the number card, or 1" if 'ng number card is used, into
the triangle variable. In addition, an action card with a piclu;o of a triangle with a "plus”

inside means "add the number to the valus inside triangle®. With variabl&s spirais are easy

to program, numbers biég;r than 10" are possible, and argi:moqts can be passed by

N [y

-

D
-
’ *

< -

axamples of ur'lnb\o’e'ards. action and number cerds:

a

e ; o )

AQO Ly

‘ 5 '
‘o LY * : -
Example: A)lqt‘mcf,ﬂm pregram which draws a spirasl.

-,

- - ‘/“ ’*
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If the children still have no problems I will try adding conditionals, There will be

\

. . R
weonditional cards for "if the lurtle is hitting something”, "if the turtle is ngt hitting

anything”, "if triangle is 0°, and "if triangle is not 0" (end similar ones for the ather

- ' - - ’ \ .
- ’ ‘!arlﬁyles). Adding » conditionalcard to t;\? command in a slot means that that command >
should be executed if the conditional is true. : ,
. ' L ‘ e o

examples of condﬂ’lonﬂ cards: /) - y

AR .

! ] o , .

3 '4
’ N Al
LI N Al
" Exemple: A Slot Machine program which has the turtle toot and walk in ifferent .
: . ' ) ( :

direction when 1t hits something. .

oA .
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. X !;' working wi?h tHe Slot Maching with:.children iged 4 and up, | have discovered that
it Is 50 easy for them to make pretty pictures by placing a random collection of ca;ds intr;
'lhaq’rows lhal'the; seldom plan a procedure. The children understand yhat the syst‘em i+ .«
doing, beca‘use lho: can explain what is happening, and they can “write” aprocedure that )
is specified by/4omeons else, but !he'y will not acquire concepts like subprocedure; unless
they discover the usefulr%ss of the 'conce'pl in projects th‘ey are doing f‘or thgmseives. The
ease, of writing end modifying proyan;; with the Slot Machine is.therefore almost a
drawback. Also, the size limitation of the Slot Machin; limits the kinds of projects the chil‘d'

b ' can'undo;hfs (for instance it‘is probat}w too small to allow a child to write 'a proceduro to E

draw the child‘; name onJhe screen). For this and other reasons it is important to de'sigm a

full programining language togelher with a highly interactive environment that would be
‘ ~ accessible to young children to #e after the Slot Machine.
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. i . J\-' . - * / * < i - ‘
What Does the Child Do With the System? -
; Noué.} \n(i!l reldte a typical scenario of. a child’s interaction with fhe system over

several sessions. "Each s'essign is about an hour long, and the child usually comes once a
v, . )

week for about ten weeks. This isn’t a diary of a specific child, but instead is e)escriptiorrﬂ

of what seems-to be typical, based or; experisnces with many chlldﬁe'n.
The first thing the child-does Is inspect the turtle. Then the teacﬁer suggests that

the child push some buttons and see what trﬂy dg, The child dees this f'or a while, and the
H - 3 >

' teacher asks the child to ve}tat:: whpt eaeh button does. It 'ls typical for the child to say
-thet all four buttons F6RWARD CKWARDS RIGHT and LEFT, "make the turtle move”. The

- Q)

When the childis reesonably comfortable with the box and knows the function of

teacher esks ebout how each of those buttons differ. {

ch of the buttons, the teacher slarts to suggest projects, like moving the turtle to
ifferent poihts aroud the room, knocking over a pile of blocks placed somewhere, or
parking the turtle under & chair=When the child seems able te control the turtle. the

teacher can’ suuest the child try to ,raw pictures with the turtle, like o .Square or » letter.

7

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

. that lhe child can have a surprlse piclure whep he is done, *

a.‘/)

When the chrld is corﬁfortable with the beginning button box, the number butfons can
be added. Usuelly lhey .are introduced with the toot" key, and the child spends a tong timé

pushing variols numbers and countmg aslong to keep the turtie honest. Usually in using
‘ - B

numbers with the mﬂtion keys, -at first the child either hits "1" (it he wants a small number)

or '10 (it he wants a large number). When the child starts drawifig various pro;ects he

ususlly sterls using the other numbers too.
. )

]

L]

T,

\
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) front of each slot pouhon, and by using a toot card,

n

v

At this pomt_ﬁ\e child is ready for the Slot Machine. First the. tea‘her demonstrates

placing a single card in e first siot posuhon of a row (and leaves the olhor rows hndden)

and pushing the button to start ex uhon of the row. The ¢thild replaces the card with -,

\

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

placing it in different locahons in

‘.

e~

the row, shows how the lurtle does the command when the light gets vp lo lhe posmon

where the card is. The chlld plays with it for awhile, predicting when lhe lurti&wll loot

\J L

Then the teacher suggests l‘he‘ child try putting two toot cards somewhere in the row, and
the child notices ho'w both of lhem get executed. Then the teacher su’gge(sls the child can
put d'fhrent ¢ards in thh'/mb and they will all get executed. (Most chlldren do not need
this much promptlng. It is best if the child works completely independently, but the

" teacher Is-there to explain lhmgs it thay get confusmg, or suggest pro;ecls if the chifd

cannot think of something to do.)- ) N "

‘

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

difficult and ﬂunrewarding to make pictures with thg real turtle, which is slow and -~
¢ .

lnaccura!e. and which obscures the pnclure itis drawmz The d:splay turtle is hard to \‘/

understand it gSresented at the begmmng, but once the child understands the other turfle,
especially PENUP and PENDOWN, t;e_,s_w_nch lo a display turtle is not traumatic. .
Next the child is givegr number.cards, and if he aiready understands numbers on the

‘\ ¢
button box, he will use them easily. The procedure cards are a litlle more con?u/sing and

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

'proceduro consist of 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 multiplica'tion is »

vseful and underslandablle concept. Racursion seems to be a confusing concept. When the

.

& S

5
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chlldren program tho green procedure lo include a GREEN card, for instance, and aﬂer LT

.

"PAGE 25 .

[

GREEN has been- exqcuted lnstda of the green prosedure. a fo times, if the chtld rembves

the GREEN card lha Stot Machine will "pop its st?ék" execuhng what i€ left of the green

. prccedure for each time .,GREEN was cdlled. The chauren do not understand thus, and usually

just ignorc it.

i

¢

< 6 After a child is this far advanced it is not unreasonable to start on ® more complete

language likﬂogo, ospeciilly if the c‘hold k.ncsws the Slot Machme and Button Box are ' Y

+ available to be playad with ﬂn case he gets overwhelmed for a whlla) And aspacm(y it e

the admonal programmmg environment is improvesd wnth display editors, display

debuggers, lnd pointing devices, the teansition to it from lhe Stot Machine can be

comfortable.
’ ”9 # (’.
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e T e 'T'hero'ara certainly improvements that can be.made to both the Button Box and the

Slot yachins. Children as young as the ones that use this sy;t;m are not particularly
. - _ Ay & . .
interested In't'irawing piclure';.’ Musj seems like it might be a good activity for children

. [ 4 ’ .
. that age. There are different ways of implementing\muslc for very young children, One

notation. A batter way,’ ‘to' ;.;se the Slot Machine, and have command cards for each note,
wit_l')rtha num?‘er kargumant used as a duration, or to have each card be a “tune block" as
Ex:ged by Jasnne Bamberger. Another possibi!it-y is t: have the C;I’d “draw" the tune on a$
‘ display using # pointing device, where thf ver@ical_ position of a line indic:tlwhich ﬁitch_ i;
t;! p& played. n the tune is to be played, the computer will scan acri\; the screen ;t'
an even rate of sm\d, plaMwhaleve‘r pltghes have points a.t the .hf,rizpnhl position of
the scan. Pitches, can be quantizef:l, so that any\pUi;bt v;iihin a certain lnterval\c!)rrhspon;ls
to a certain note, o:frequency’_can vary coMinug'usly with vertical position, which would °
make it ;lafdert to write sj;ecific tunes but would pr ln;or\nting effects.
. The, Slot N'hchi;w has the probi:eto; ‘l'hat Init;all)j there i# so much that the child has"l'o
d\o to _g;t'thc turtle l.o e;eeute a comma. (fiq_c.!‘\a‘ carci: put lt‘in;j‘a“positioh, and p\.\sh a- .
J but_to;‘\) that it is sometimes cfi;ﬁéul%/t:e}‘n to uniderstand that each card stands ‘for«ar-ne
specific command. An lmpro;emopt to the Slbt 'Mach'ine, wh'ic'h migh} gv;_n make the Button
4’ £ ?o‘x go:npleloly \.:.nneces.s‘ary. would be t'o have !?19 liéht lr; front 'of,each slot positi?n be a
, _”?('l'ighhbl‘e pushbutton instead, such lh?t puihing g of .tha siot pushbuttons would cause

only the cgmm‘anm:t st fosition to get dRecuted, but pusKing the large button on the

’ *u_lelt of a row wo%d still cM!/enti}“e row'to get exccuted. Thi;wpuld also enable the |

. ¥ '
-» _ v N
- '. . N — ' .

', 2P0 e

- obw)loﬂsly ‘bad'way is to-force them to type in individya! Tnoles In'@mething‘glosp to musical

v

h"
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9 <hild to debug a program, s‘m\? suse it Yo get execute arbifrarily siowly by -
S pushing each position in turn. ¢ .

I

» ‘ The Slot Machine i is also physncally too large, and does not have enough lnformahon

e in each position txaally allow numbers, ctﬂmands, and conduhonale The slze was

L4

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

A relstively simple hardware design change would allow it to be smaller and contain more

bits of information in each position. Also, if the $lot Machine could be designed to be

reasonably- inexpensive, many places would Iike'to t'Js'e it. . ' B
TORTIS ismot a compléte 'p‘rbgramming Ia"ngu'age‘. The children will soon get limited

by the _ﬁnite number?of procedures they can write, the finite length of the procedurpj. and

the small size of numbers, Oncethey have mastered all the concepls in this system they .

" are sophisticated enough to use \bmore complete language, even if they are still pﬁysncally

. or psychologically incapeble of copmg with the shndard keyboard-oriented Ianguages. The

: stWliard programming enviroument should be modlhed to ecc0mmodete them, and some of - =
the ideas will be useful for all users of the environment. S NT

"A simple

>

improvement to the standard programming environment, which cuts down on
. the amount of typing necessery, le to use a "recognize” key, as lmplamen!ed in the
hmesl&rmg system '[ENEX The way this works is that the user, after typing the beﬂmnmg

of word, hits ths " recogmze key. It there. is 2 umque command

ebout

that the system knows )

which starts with what has been typed, lhe syslem finishes typing that word for the -
user, Otherwlse,

it can simply refuse by typmg back a bell (as is done in TENEX), or it ¢an

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

commands 8 specific child slready has ddfinedoor has used success_f(xlly, 2s opposed to

¥

recognizing sll commands that h\ﬁ_,system knows about, to minimize the mumber‘et




3 . ~
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. commands in the list and tharefore minimize the numbers of characters the child has to
- . -
typa,
. ° ) V” "1t there is @ pointing device available, such as a m.ouse or alight pen, the system can

v

display the possible choices for coﬁmands, and the user can point to the correct one. 1f the
chald cannot read the commands can be displayed as plctures If there are too many legal

commands to fit on the screbn, they can be grouped under headmgs such as “music

»ib
L commands™ or "turtle commands” , and when the user points to a group, then the lis} of
comrrands within that group gets displayed: If the system keeps track of what the child has % ‘
;;ed. it can guess at a subset of commands that the child will want to uie next. For

¥
td

instance, if the child has just typed a command thaii\eeds an argument, the systege knows

T

‘ " the next thing to be typed must be either a number, a variable, or a function. If the
systet;r only displays commands that would be legal in that context, the user will never -

have syntactic errors. +

H
3

, In a computer language such as Lisp, whe‘pe the user is forced to put pa;entheses
everywhere, thera.is no ambiguity in what is typed. But Lisp (eode, a.lthgq ‘asy for lhq
’ c0mputer.to read, is unreadable by ht'Jmans, since it is hard to see how the parentheses
’ | maltch up. Ina languaté‘like Smalltalk,‘alth_ough the code is not littered with parentheses, it
is st,iﬁ hartj for humans to reaé:l the code, somslirqes bacause an expression can be parsed
Tin two:different ways (if tha’u’ser is not famiﬁar with the parsing algorithm), sometimes
* v becausgit is not obvious what words are variables and what are commands, and sometimes
s for olher rea;p.ns\ If the system parses the e«pression as the user types iti i, | it can group ‘.
N aryguments with the calling tunction, claarly separate tommands, and display the program in . '
@ readublo form. If there are ambiguilies, t\hn user will sca how the 'syslem.intcnds to

. *  group things, and the user can correct them if he likes.
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Most standard odnlOrs are hard lo use, smce the user has to move around a “cursor”
s

v(ith magic mcanhhons Wilh a dlsplay and a pomtmg devvce, the user can point to the

location he wants to ckany, and the change (nll occur as he watches, so he will know ™

- !
exactly what he has_done.

p » .
. For young children espetially it is important to display the execution of’o program,
{:lhoy can ses iust what the different commands do. This would serve as an effective

bugging aid, but it is lmpo'fhnt not to display s0 much information that the user gets

swamped or s0 latﬂo ato miss exhibiting the mformahon the user needs. Thero is still a

lot of work to be done on debuggmg aigs for higher Ieval languages. ' -
Because a system designed for young children will be one that works 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 physccaly handacappad people With some worﬂ on input dewces for t?e

physically handicapped, & very usable syslem could be implemented.

< s &y ~

" In addihon to work On expandmz and improving the erlronment there is a whole
sres of rasaarch invblvmg working with chﬂdrﬁ\ with the system, fupdmg difficulties they

encounter, and either inventing naw' ways to present the concepts they tind difficult or

deciding that there s some maturing the child needs in order to gain certain concepts.

~
-

(

)
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