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A ease study of a yo111ng .child doiog turtle graphics in LOGO._ 
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Thia pa~r e..'tplore!l !lome 1mportant ~etruetlo with re­
IJMd to usin~r oom:pu~ra in edueation. It probes into 
the quCfi.tion of what proiJrammina: idl?'as Bll.d projects 
wil] c::npge yrnms: childr-en. In pllrld~t.du-, u l!ill"'Cll year 
nld ih~ld".~~ i~volvemeat in tur tJ gr~J~PMC.~ i~ s•r~nwd 
as a e:at\'it! ~l:.udy. 

Thl!l :p~por d•rl'bei and .wmment.a rOD the •&X"Ji)eri­
ence of a yountt ehlld lD tbe MIT .AI-LOOO [..all) where 
she was: jnvol\1\ed. jn tslldnsr in LOGO to a. display turtle 
sod 11. POP- U/45 oompu~r. The ~:.Jtild, a Sl!cond gl"ad.er, 
:tP<:flt 3Q.V4JilllJ bonr.& on 11. con e.eootivc Sa.tuf'fl.ll\lt· ~1ndl Su:n• 
day t!fl;ga~d iq ~nter~~n_g dcb1tggirnt ~-~~t<iM!l . She 
w<O:rket1 lmiK !lfiQ htuil.. Why :!he c.Qu1d db llO a.nd. why 
the t!Xpe:t[(.'fl~e w~ ~o i nte:r.e~tlng b! _partlally ·explahled 
by look Eng at her pa~t e~rle'Illei!!l. [n mid'sol'anuary. 
tbe year bei'ore. when she waa a :fir'8t srnd~r. ahe and I 
started working ~ther learninz about turtles B-nd 
tru!ir world and th.UB explored turtli! gn.phi~. Sh 
vLsit.cd. l ""'iC41 a ~ek for a month, atuyina from ¥a t<l) ~4-
c.t.f an hour. Wo ct~l!ltinued. to m-cot. 'bl.lt lc!a rng"1arl.y, 
t.n.til lhe <:mL ~1: APidL ll~rifng 't.hat t ime ~e lee.rt:~ed to 
talk to the cl1$p lay ~uttle>. She leaMl.ed the LOGO turtle 
oommands Ilk~ CLR..ARSCBEEN (C:S,). FORWARD 
U''D) I· RIGHT ( RT). LEFT (LT) I P:SNDOWN (PD )• I 
PRNUP (PU} ; .umd she lcn.:rncJd to uao U\.(:m t9 m.U'k· 
Ill• ber tJWo eon•m:D.ncm f'11r the ·I:.UJttlt;. 

'My f!'o:al for hc:r firsl YGIJ.I" had 'beefi !or 1Le1!' to 
Lmdw-o~~t.And proo~ bo~h b.)· Ding tllem and eon­
truetlng them. Sb.e wa~ S~:h'en the fo"Rowlng ldnd of 

e1e:per£ence. She made the turtl'e di'&W e.ometMog by a. 
Mriee of dlifeet commaruile. 8iltc ''WOoJd tben think ot a 

~ Thl! fti19kb W!~Kr!Ped i11 tb.i1 J.l'I,JI(!t ,..,.~ ~·- et4d llt ~~~ 
c.,!!!!~ lll'l"~iWita of 'l'NbnoJo,n· i111 ~"' A'f1.£fiiil"-l l'n~lll mi~A 
W.O.ra"t{>ry'a lJOGQ •GROUP, llr;;drff ~ ~n~jJI,I(Irt. ~ i1til ~t;t.l.;il\a i 
]~LY.W. ...,f E'!h!a.tkm Gnurt Nu-. NE:S.G-7-4:.(1(1U!, ,llii;IJ of Ull'l 
N:o.ii-*~ Sritrnl',)(l F(IYDd!.IJtiiKI Gni t- :N'~ EC-401QiX. 
• • •Cnti!inUif'IW ll)' Ih·. PaJ•\lrt. 

ll'l~c fQr tpo pir:t.vr~ (qr pEI.9': of :p:Lt!t1.1hJ ~ ,iJit'ld ti:U.t:b 
that word to the (:Oltlpu.ter. To ht!lp be:r- fll ·tibia COYI• 
atrod:ion [ wrote dm\•n the c.oo::~mands sa ahe debu~ed 
~hem. When .&he "ta.ullbt"" the Pl'OOI!dUTe to the oom­
l'"1litor .she wqufd @ithc:r rC!IId the ~ornm~Jonds .11,11 [ had 
wr~tt~ !.b~ O'r J W'Qultl read theh'l t-o b~tt. Then 18he 
would rry out or ''rtmH tbe procedll!l'le and !lee if there 
were any bugs:. 

The kinds ·lili debugJrmg aituationa, :JS!.!t erumunt.fl:r-ed 
Vlllri.:d but I was aJways 11eady to i.JJ~rvil~ m ~18 U!e 
llltutiOll lwcarnc Urtl'e&~lvablo :for ber. l prestnted Est 
\Y"ith u.~ siLtrte: kind 9:f P'I;LtcriJ!t~ P.tid Droj~ta J& l d.e­
velop;ed tor older (:b IM.ren. What I ez.rpeet<~ to ~See "A·~th 
a young cli.Eld waao a el~arer btdle.&tlon of where 'bup 
Sn "-he nt.ll'lctii!I!J ~Jndi idC!ll!l ~, e.g.., what :Idea& a:r.e hard 
to grasp al'td wtlat !d~a11 .can be t.mdet'.!ltood I f pl'·i!l!il!nU!dl 
in a cri s;pe:r mAI!Iner or imbedded in better situatWr.na.. 
From th-e sesll4ona 'With IAn, :aoother first ar11&r I h.a.dl 
worked~ with qoibe extecm~cl,)', l d evcloli'tld tcebniQUea 
and a.]da which bv4.t belted ol@r oe::hildre-~ get ~l'Jto 
t1,1r"tle work1 and i!i tlbpNX.>edu:rSt!lt on, debugging, an .. 
tbropa:morphi2jng. 

Let me bad!: oft' a b.lt here and e:KJ)Lain what prspua­
tions 1 lt.u.d mada. To aid k idi!J in de:ilninS" Jlroct~durea 
~'ftl.l tQ ux})lo~t the i~ of ~b~n,g lhil1811 b) tbc r:oma 
pute:r I pl'09~ded a p:rl)tedure eaUed TEACH. 'Th5!1 
oomm.&nd w&a used iiis.tead! of LOGO's TO f•11r deblnJr 
p.rocediur--es. T:EA-CH r"£Qu.eated a DJiffie for t;he· p:ro­
udllre W· be deftned and then &akedl for e;aeh inabue· 
tion of the llr"Wcdure by aa)'ing "STEP H)';" !lib:. until 
'tM ·~.MIAI typed HmND''. 'Thu1 li~ ~:~umbcr11 we.t.e at· 
el,gned to •et.eb IMtJ:'I.'let!(ln ti'Artllli ,p.t 10 in :ln~:t~emeota. 
Gf 10. I also prepAred p:rocediu!l'tl!a 1.or maktni' IIQIIULJII!i!.. 

e~rclea and "Pieces af direle. They require ~np1.1t&, " 'hJ.ch 
dow their ~~~ze to be .. ·trltct Tho cliildi •lao h&d t1i;e1 
ebr;:~ i l;{l ol w~g eltbet RSQUAB.E or l.'SQUA.1tE1 
'R.CI'RCLE or LCJRCLEt RARC or LARC. For ex-

amplt:,, D C~U1lll.d oo r:tnwn by RSQIIJARB oc 



r...s.QU ARE : ·only the· turtle's a.tarlinJZ: and stopping 
eta~ indk-ate whic-h procedure ahOlllld bo uacd. All of 
these p.rt~cedures WtQnJ tr~1L.od q pr;imlttv~ c::ttm'fi'lall'ld! . 

N ooet.lwh::~J~ niOiit chLLdten wfR teach the tur-tle U! make 
a "'l,Uilre or drele of hed BlZfl by IIIEiinll FOR\•r AIR[) 
and RIGHT. !thereby Ullders.ts.l'ldiD!r tM turtfo'11 'be.· 
itavror in tbe 'P1'001!851. 

Tbe turtle b~~ mOrt Ui!\n ~ dfll.Witig de-v~~ n 
w&s .IJi cr-ci!ll t•re with cettu.ln beba.viont wbleb ar~ lnter­
e~il'llg to ~~~d)' a11d m lghl ~Lp 1.111 tm~rn;.1.and ourselves. 
The turiJe Hve.!l on .a dla-pla~· screen. Ita initial state is 
Jn t.he m!drlle o~ the .screen with Ha nose 1wmtiq .norlb 
o,r at 0 depee!!. We csn cbng-e ita Btu.ts by ~ling 1t w 
mo-\•a !FORWARD iSOJilG n runbe.r of unita or ~urn 
JUGH'I' st~m numbar ot degn:;t}~ . We ba,•e mtt.ril.-:d thf: 
!!t:rcen wltb 4 diffe~n!IJ'y (!01111'00 lAbeJ!i, NORTH, 
EAST, SOUTH and WEIST. So we ~to lnrlld up a 
de-aeripUon of the tur-tle which is outside of tile words 
11rov1ood by tho LOGO lanfll"u&g-c, Some of thcao we. u~ 
tel fQmt Ill JJ~dfi.·IArn~WAg· whSie othtrilo we t n r11, into 
LOGO eoooroands. 

"l'1tc pl:'eVi-0111~ remal:'ka a:re meant t4) be bllibr.round 
to th~ col'e o1 thls. pa;per. whicll is a l!icklre of Ee.t's tv.·o 
day intE-raction in the turlle:-LOQQ world 4tf'Wl" a brn~lk 
of l!limoet m montM. When Eat illrrh•M 'het·c W!litt (Lfi 
tniti!lll bll of rt~.wkw.~J.rdnt!!!~ lter !attu~r ~ wJtb her 
a~tl wa~:~t;etl to $(!e what klnd of things me wollld be· 
dolll!f. ~ '\\'i!W'k. area waa draattcally changed. And 
Eat wo:re Bl pateh on bar Litft eye. Her work from six 
months. ago wu in lwx wt~rbpace. l .wgg~tcd abu 
3how h.cr f o.the:r her flowel", a. ratb~ ~pecle~~u'IAr pf~ 
()£ <l)pt)ortunl5m. Sbe .e~c!IA:I:m.~d, ·•o11 ~~:& 101• uy Cl3 
sev<!n t!m for this." She did Lt, bl!l:' fathl!l:' Batlsfted 
at ba.\•ing aeen som.etmimfl ud r.eaaeu..-ed that aha could 
eee, left. We then albandoned l:&st ye.&r"s work M d pr o­
t9Cded t.o I'illlli'lj}Mipt ·the tutJ a lbenavior. She N ­

mtn~lbt:r~d b.Jl;'tl~ eo:mma.nd~ In the-l't" abbtr.Yi~tcld 1onn 
Uk.e CS,. FD, R'f', LT, BK and a.lao TEACH. She b a:d 

di11ieutty remem.berin.lf how to execute commands. That 
i!ll ~ lrulfOt 'to p rn.BB too CR button Riftd ahe aJlso forgot 
to .Mpli.tt!- lbetw~o wl)rd!!i. La!!! )'"(::ll.r (in .P.nticjpa~on of 
the Lebe~ keyboards~ we had marked tlu~ c;R lei!.)' nOl T 
and thua the metapbor of "'ten the oomputer or tm-Ete 
io DO lT-'' Onfortunatelr the key W8S no kmR"e.T .so 
mArked. Bu~ IE11t de,..clt~I}OO an lnte1"88t inli way out 88 
a re!!Uit. Tb~!!o •ttt f.et oill'!e<:dli~ ""ilU oo d:itK:eBCd la~r. 

1 had not Jnade a firm plan bec.aul'.l! I Wii:nl4Jd t.o s~ 
what Eheo I'lmle:mbe11ed, how ,!lhe had clumged1• wb at tile 
(11.m0aphi!N WAS lik4l, I didn't want tJJ bnrden her mth 
]~1. yor,:f r'~ c;xn•cncn0CJ, J hud 1/f8Jited to start oil f:r.eab 
a'bd i!Jhe too wanted tl!at 150 i clc.nnoo o\llt ih.er works~ 
Intellectualty w.e•d build t.•n WhM she kn6w but we 
wouldn' t e<xamJne lti.t yea.r-' .!11 MJrk U!a,·o .)'OU ever 
t ried to undersb!l·nd a Pl'Oil:raM you Wl'{)~ llix months 
~Q n J aak£d b!J:l" to mat:e the tm-tle draw a i!'iqlll!lf'e 

o.r a. b<Jx. ~ preferred to trunk of Jt aa a ooL <(.Last 
year !\be had wr-Jtte}l .. Jin~dur · eulloo .BOX.) 1 t:lfd 
her in review tbt RT 00 headed Ult: turWe b orn 
.NORTH to EAST. 

She m ade a .square. UBiinlf TEACH (another r~K.ult 
9f work with Lin) she defined FOX, her bo.."<. ] !helped 
her b)' w rill 118" dQwn whlilt .she did and NadiDill it out tcQ 
b el'. 8 u~ rlfiW 1 wtnted 1;.0 :tltl!l!i · he.r iDA:le,])6ndent, I 
]lased the .fuUowh~;g p.t.f)bl(!m.. M'm !mother FOX 
unde-r trle first U:ke thiR,: 

D 
I I 
I •• rl 

Th turtle drew rox and its stoppinll state waa '00 de-. 
gr.~ Mt o.f itt. e.Urtins- s.tl!!t,{:, Tbis madAJ ·tbe prnb]em 
h.s.llder, ·tnor e d~f!?b·am.lng. E~l:. ~t producing 

EB 



stoJ>ped. 1 Mil c1 .. )l~ybc .it would :00 e&.'41.:t if tlw turtle 
ended the B8lUf: wa)' q i t !Started." So Wf! r:b~ns:·ed 
FOX. Soo did find it eaaler. 

Our nt!XL project was a mAD; a !Slick figu~e man. I 
drlilw it and ffil.i d, "Wh.-t 'a that?" L'A tnan·• she aafd. 

We debugged it Wgc:ther f~ing the diftleultles qf !.his 

down. I picked thS!!. kind of fisure rattler than o:ne 
with different arm...<t and I~ ber~lUJ!e it is easier and 
ban! r. Thtue are fewer part-11 ma.k~ng it 6&11i91', but 
tb~ idc!lL of r-epresent i:ns:- m·ms :uul ]l"-Jlll by the same 
p:roceil.tU'-c: i~ l~ 'bit jan:inll the first time. It L-,, o:f ooune, 
part of exploHifiJI t be aubprooedure sra:DU!. An.other­
ne'"' Idea &he enc(1tJntol'ed. was having til reloeat th 
turtle' starting tttllt4: to .c.oommodate the man'!! ~tl 
W il:wld t.o bai!k the turtle 111p !JI) unita befMe rt.uudng 
the mun l;JI"''cedure. 

W • tnught the oomputer how to dntw the LEOS/ 
ARMS. ~·ir.s:t sbc taught bhe comJlute.r to EH which 

~uaoo the turtte tQ draw t.lm ~ . 

TOF..U 
10 R T 60 She knew she could choo!le anoth r angfe 
2£1 FD H)() 
30 BK 100 
40 L T 60 we empha! Lzed tbe 2 p.~~.vt prooess 
50 (,'[' 60 

60 F D 100 6 v ./ .,.. V 'iJ""" o..._.... ~ "'-4./ 
10 BK 100 • " "' It •• ill .. N .. 

SO RT t!rll' 
.END 

Now lil~t forgo* for a mornen.t that onr plan had heen 
to tum EH upeJde di.l\\'rt, Wben .she ran EH she eonl.· 
pl&ined it waan't makJn:g e:fl. Tti £a ia int«l\estin.~ me. 
ClitU it oft.en ha;p1JEm6 with ol{l~r lc.ld!! •~ wchl~ The idea 
ot rotAting obj~ to make them be diff'l.!n:nt. is con­
trasted here with. Nlnt~ng o'bjects to Ullder&tand l bey 
don' t change, .But here we look a.t tho obj ect dift'er-

<;n'tty. TbJa. llhape ~ can only b • 1\rnl:S, not i.ega, 

but r(rt bld like thl ~ , jt ~CS~n be a:rmM .o.nd )ega. 

She taus:-ht D. 

TOD 
10 RT 1W 1aat )'41' ehe "'Ould have !!ald IRT 90 RT 

90 
20f::,H 
S.O RT 18tl 
END 

She 1.4\t::fl put the piece!! oogc:th :r and added a n "k. 
This. )' 'E!U .~be c:hoae nomhe:r., ll'k.o 150 and d.O. L~U~t 
)'9&1' .she would AlL~ picked 43. 49, c!k or 00. 

Wllen U: "''All time to make a head ib(:r-oO waa very 
I i l;.tte screen i!fP at! tcl't. I 15RW it comtng &.'Jld bej'&n 
e.uggea.tin:R: teac.hjng the biJd.Y parts to the oompu~. 
Wh~n ahe l"8.D into Ute dittir:.ulty we were alread)' ml!lk­
ing phLIIIS to deal wJth LL Sbe t u.uiJhL UH and then ba'fot·~ 
rmmln~ it .liM baclced fue turtl~ 9(1< 1J[)ita. (This time 
abe used 00. 'Wll!l it bcc.tru!le BK was not ll! t"l'mjJi~Jr &!I 

to'D ?) Wnen we rt'latlt! tbc hood tbel'e we-re rotution 
ded~ioru illld then size decMons. She bad forg()ttcn 
the till'cet 9f iRCI.RCLEJL.CJRCLE'& input. it ws...~ the 
rs.dlu not f.h ·· di~Lmt!t-er, bl.lt oDe bt.tgu drawin~r waa a 
e..ufficlent remLntl-c;r. Here were hoer p:roccd.u.-es,. UH 
and RUTH. By the w•y, UM.Dil D fDX" both 4MD!I a.nd 
leS"JJI woTkcd out well etl .sutpTi..&cd me. 

TOUH 
lOD 
20 FD 1150 
30 D 
40 ... 0 410 
END 
TO !RUTH 
10 U.\CK 90 
2.0 UH 
80 LEFT'OO 
40 RCrRCLE 5() 
ijO ltiOHT 90 

o A ~t± .. .. .. 

fi() BACk 101) We took 90 awalJI from 150 and added 
40. 

END 
The way we worked follow-ed lad .)"C*.l''e·:pattern: 

l - Pmw wmethitnR' o:n paper. 

2-.. iDraw ''It,. on thr. l!crecn wrrnr di!N!(!t ·com~nanda, in­
cludtnr subproc:edur a.lrca!i)• t:aupt. The quo~d it 
(" w·) m~.na that we are opportt.tnllltic. If a.omethm 
better tllrnB Ul' as. w~ draw we rrdg'bt ~~re our 110•1. 

8. Now we ~u.ctt th oomp1.1ter t:o do what we j OtJt dtd. 
(Til'is ls the a~p on whi~h. l mall -concent.J"ate in the 
{]4J;d pa~ras.) So tiLe model for tb lu__rnu ia ; 

10 Do aomethlng 
20 Tei!!Ch the comt~uter- to do it 



In mo:rcc dctlill we ~uld ~d ~ 

s I~u,n it. ·llret 
l lJ Thlfik abQut how you tlo it 
:2lli T"Mnk about why- it dMn't quite WOO"t. ••• debug 

Next I asked Est to make another man wltbcmt 

de8troyln.g R.UTH, Wt:· d!Aoo~ bo"' it dlffaed from 
RUTH. Thlt o:ne W~!l ko bl;! MARIE. Eat rea:Icy wanted 
to mate MAR]E and wot'ked hard at it. W'hat she C(Juid 
&nd what !he oould not do by herself reveAled e:ome m­
te:r~tin:a: -pa~mJ 1 ha\'9 often e.Gen ud ta~cd about 
'but ·"''hic.h ba,·e Dot bceil dml.l.81!ed ·elltPlkitly. So M'8 
look mn d~r..u lkt her prqg~!!-

Re:m embe:r RUTH naed UH t.o make the body. UH 
nn D to ll'IAke the aml8 and the l£<,a;s. To ll18.1fe MARlE 
"'' WIMl t to n!Plll~ Ult tJ,3' • IU)W PJQcoQUnl (Ji::.s~ 
t"!\'eDl'ttllllf ~llll<Cd it S.), but ll.rst !!he rt~cded to ttJ1)~ D. 
She C1l!J!d HI!:!' itil!rW fli'ocedme K.. 

TOK 
lOR"f''OO 
20· FD 100 .A g. - - -St:! B:K lOO • .. ,. 

" .. 
40 RT 181!1 
50 F D HlO +---- - - "!.-

CJO BK HIO· 
.. iii ~ 

70 ItT oo 
ENP 

E:~-t doos .not t~o this diroelJy. r~erbu.Pa do.ing w ia. too 
"fonnal.. f (l.r her p;ge. :Pe:rba~ !lhe ~ 14illowin..g !.ll 

pattern I had s:et up la."''t y.ear. Whate~.e:r the rea.<10:n 
her wa,y W&!l to '"be .MARlE herselllt" , i..a, sh~ would 
g-jve t bo inst.rLu:tLons us direct rromm_arula w.bich would 
later be L&.u_gll~ ~;~vng T.EACH. This ie. how sbo d id 
everytlli.Dg. But th.ere Is more t:lis.l'J o:l:le W.fJ.j kl de! t bin.. 
So back to detail!. 

I ~eft Eat enUrely on her own. She worlced far sGme 
X miunt~s and tl'rentually produced t tle ~e.!!ult she 
wa.nwd i>ll the ~mn. T-hi.s qb·:rou~tb' ~.s 1.1. mhte:rt 
o1 FD, RT t<k as we-U as an abmty to orgal:ll !lt! bee 
wo;rk. Burt now oomes a diffic.n1b often seen in (hi!dre-n 
iliht age.. $be ~ On t be W.PI:r' in fr!Wiat C)f her aU the 
<lomnlB.nds for Jr1ARJE. Sbe knGW!! bow t.o U!te TEACH 
tLml e~:cl:ir!inly ooul'd have tnxld it .nJJ in (this &he had 
done: bdo:r.e 1. 13-IJt ~... i!!llmM LD!le giJI.I~l WM dEffartmt. 
She set herself tba su~sl of ·•teaehln.g the lcy:J·;, f.e., 
of mllkins: u. ~;ubp:rooedurc K. which she would later 
l.nct~f'PI>t'iilte Euto MAIUE. n._.t ~~ biQI1:'ka. hen~. She 

jecf~ ~o find it b.iltd to iaoLu~ just tbe tne.tructiom~ 
she n~ tn tll:la. Why? I~ thl~t a q ui:r'k ut mt ~~­
Erlilr or sometb.iDJE de~~Jp't SeymDUI' !la~·-s .lt lol)'k.'l U"e ,a 

• ~filfiiFe BT-,oundi problem". "st:ro.etme delleJld~t ~r­
ee;ption••, ";r.e.vvs:ibilitf"' and like whBt I . B&mbetnr 
~~~~ in >Childfcn''l!l desCJ:i~tiona. of Glapping. 1 don't 
know, but ~t :l•.:el& Hlro a rc&'l p roblr.mt. 

I wa~h:ed froon a dl&tamee and evttltl.l_.b' decided to 
intervene fa'RowlnR' a prine:Lple ot atlQwl.ng ell imd't't_!fi 
enouah auc.ooa& soon enough to make the lii5rht wortl' 
while. It needed hard ly amy ~ntcenrentlun. hl ~!JJ. Ii ll:e 
tiLL<~ ll us.ually doem't need m.llciL Olten it j~ suflicient 
to ilJf!.Y: '"Ok, let•~e~ do i L ~gcUwr,'"' But theJJ aiL I do is 
:read t:o· hor what !he ae~ on her JNllllBl'· Another tech. 
:niqne that geta the same result is to writ~, or ha'\le tbe 
.thiM wr~, ·lm a pEeee 6f paper j~t wttAt Kll.e hiLa 't)'p c(!_ 
ttl the .cam~ter. Why de) th~.se at~btlo thing.a :help 1 Be­
r!llUII it 111 .l!, td-vlu1pJoblom ?' MariNI. But perfialJ.&. a !So 
~ it i!l a deep IJJJ'Obk!m related to what pfi.)•· 
ehaloi'ists might can s.ttenUm1 and "'bat Wi! might ~Mll 
Ute C!lntrol proce!).. .. ot 5U~foi)Q~'I!rtJ iilitiiQemrnt. Any­
w ay ,, il ntled.Gd V~ry lltt 9 intervention aod ahe W&'!l Oft' 
0 111 tbe track. and soon M'Al'ie wnrked. 

Rea:111reh ~Blii!Lts ~ unde~tand this phenomenon, get 
batter at ob&el''\'ii'IJI: Just what lnterventi(i.n work~ !il'l t~ 
wh)'~ h'etck the pregrefl. of a cbUd (.M!r loni!fe l' ~crioda. 

1. Comflared "'l th la!1t y.e r ~t. ~ldl w1;~~·~ m ~M:h 
more imd~pe:ndently. (More tlt11fi h8Jf a~~~~ .a big 
piece ,of her life I } 

2. He:r work with RCI!RCLE 8#\d LClR.CLE would 
have beeo easier if the :Input& were· d111metf!tt (v.•hlr::ll 
'~erial&'"} r.ather than iradiua. (wbkb :Is about a 
Mn.-I!JI:i.at.cnt point ~nlioo canter} . AltbOIJIIfb lster abe 
made a dt!!llgn wb1(.'1b wli~ ur~~~ndnblc beCi&uae the 
Input was the ra.cHua.. 

3. Sne tm.d lr-oubJe :remumbermg to P . Thia: abe 
·llllfed by pbly,ng W,t,~~ IJM'!.c: will:b UtG oomput>cr ; Af ter 
typipg an ln~~.tf"ll(!tiW litl(! woold ~,-, firmJy and 
drarnat~cally '"DO I'F" wbUe hltt~t'lg 1Jtt"! ,CR key. $lie 
knew what "~~rame aile was. pla:ylng'", Tlte:re wa& no 
t;r.~~,-ce of 'll\.'7 mAnipul.ntins: her. On the contrary ~>he 
tnunipulnl:t!d lll!,r~d:t. W~;'ll S.Cfl nnother good examrpf~ 
fn daJ' 2 of how she 1.:s able tu !let 1.1 1~ a dclibcnte 
st:ra~ of programm~n~r aroumd her owtl pert~i!l'WJd 
bug a. 

I ~ 11p tllte m€Jd~ to:r !DO IT f~t'tdl :l'rn:l Uml: ll:he WBI.f I 
d id lt (ttte rb )' t\Utl, tile cl~;gr...:t! of "n•.nlitr" and alBO 
pla.yft~l~~f!ll~ l.!t¢. ) mm(!r: 11- V>i¥1:Y 'bt,g di ft'eNI!loe as t.a 
wlt~t.h~ lhi11 k ind of thi11g wo:d;!i. On Da1· 2 she in. 
w.r•teeJ ~lm i lar ~bniqrucs of hN O<WD. So perhap!t 1:'1\Y 
I.IIJ!Maiion toot (lnly beca.uae it W&!l a k lnd! of th'i!ltg ~be 
d4w;!l . pontn.noou~ly, Big rc.ae;~.~h iasne I! 



Again T hd lilO detailed plan except the general ldea 
of mardnR an aniraatio 11 i 11 wbieh RUTH and MARIE 
alternate to ~rlve a jumpi1ng .:ffc:r:.t. l had written a 11ew 
aiel to hclp in 6Dapp £m.r picl-Ul't!$ c11\led TS wholw ff~t 
L-l to !!otiv<: SN' APs. Bot when I tliied U: wtth ~~ I hM.n't 
b ·Led LL out .1111rl ~~ had a 1ro11: I I :really got tl\l!!t(:l;{!d b;· 
tbat, Leasotl : don•L U!!.C tmd,ebt~gg9d st:.llil. b Ld U } 'OU tl(l 
dOn't ~t fiustt!red. 

To warm up I ~bowod Est POLY. She 11!a.red with 
input& I wwetl. her POLY 50 90. Then I .a.akad bar 
to cbangi! the shape. Sh_, tr:ir.d f~LY 50 SO. She 
didn' t wa.ot kl call it a at~r (a 9 poEnted 8tar), th fl she: 
tried f>OLY 50 40, POLY !50 60. Then &he tried POLY 
20 SO. .ntd POLY 20 20. She re:ma..,ked ti!At the 1ut 
two 1.'.<--ere ditrt'tflll L l!li'l;cd ·drdea.. Finally abe tried 
POLY 20 100 toliQwOC_. by POLY 50 UO. She had to 
8b'llHle with the tdea tb t t'h • ~ figl;ll"~& were the s.ame 
~bl\IK), The first one was v~ry !.h ll)'. Sf• :sbr. tried POLY 
1 00 1 00. T fl_at abe tbouQ"ht could be tlt-e ~t m JQJ POLY 
G(l 100, but .alii I t he s ixe of the fi~re!l did b rfng ]nto 
questlon wbetht!T th · .Jh~J~pe was the same. 

Mp int..:nUon on the day before was to make an 
an[mat loo t.JKjng tttt'J1I ~nd MARIE, We ccmUnued 
to work em this iiCbemA! a~ter I tbed ,a 1·s bug. '!rl'lum I 
diawD!!d what we bad to do: 

DISPLAY : RlJTR 
WIPECLEA.N 
Dl::Sft.J\Y ;MARIE 
WIPF.GLEAN 

~n~d do tnaae ab!])!l o1;.er &JrSI!n, I thee added we WJJ\it. 

D 
PlllY ss sa POLY $8 $1 

POLY 2'1 21 

TurtJ Graphics in LOGO lOEiS 

0 
F"CL,'t JU 108 

tku; tornpou~:r to wait and so.e~e\Sted that it WAlT ~. 
Tb~ t..,l1owlitg et,11v t"IIRtion 4lD:5Ued, 

B ; DoM that; mean 15 seconds 
C: No 
WAlT 6Q i.s • s~nd 
E : But if r !\i\.)1 1 that·~ J1 ~eeo11d 
C = Yes but oomputera count fa!ltf!r. 

Tben Seym0\11' ~nter en:ed and play~d a RACE wiLb 
her. Be wrote RACB. It took an input, a ~tartlng 
number .and than oounted up t() 21 by one's. So 

RACE ....,. 1 2 a ~ 5, (I; 7 f! • . . 21 

He as.kecl Eat to ,cou'l'lt &gaill!!t ~' C(IH11J)utc:t. 'fhu 
computer vron. 

The radng and countini" s:eem~ to $rl'fe, anotb~U" dl. 
11'1col5ion Md sddoo mo:re reality to some MJJBC"ts of the 
computer: 

• . . its sequotia.~ 'behavior (Mtar all np to' now the 
tOI!.ult& ot h.flT JJrill!'rttt~a Mv~ been static. So even if 

PIILY 25 4-8 

PQl.Y 28 3i 



the drs.winll is aeqnemti111l, the atatic ill1BY be mol!'-1!1 
real. ) 
. • . i'l.a llllllnt~e ot tlm{l 
. . . !b quldcne&j (reor-en though thl~ l~rnit ln the 
nano !leC'Ond range.)· 

She finiahed teub.ing P ta the oomputu. She and l 
!l"eBI!lmed oLJr dlsct~~ abotJt :r-eeursion. P waa to be 
recllll'si\· We had p:Ja:red the poop~ pr.oeedme ga1'!lle 
(To POW RAJSE-ARM 1.0\\r:ER-ARM SAY-POW} 
la..ott )"till" but ti.h~ didn't tt=ll'tenber. I •ntk.ed h.t:r t-o be 
the POW pn~c:edUl'e and we WC~orke.d t.hrQugh tt aga;ln. 
Then abe made P behave• in tlJe, Sllime way snd ran. it, 
Tb_e d!!!>ired effect we achined. 

I u'kedl b~ to ~~Ml L.Cl RCLE ~d n:C'JRCLE to make 

~atm an lnteustlng p!tenom~n (the · ·~t1l:rt. ~;~p 
bq .. ) : she Remed to b1ock ur~tn l oilaht "'Wbet abi~lit 
mov[nif the tcrrtJe r• A ll"i\ois!l pleoe of ad'virce. P~r.bapa 

it ~11)' ·mearJ11 ••a-top 'bl!lng complkated, do rom.ethiaJg 
R~mple:' 

She aslted iho"i\' much ro Mil% Lt.. l Afi!I.W(!ted, "'Wdl 
it wMb 90 ooit.s to the mjddle o1 the b[g dNie and 00 
1.1Tii~ to th mid'dton of the ISII18lll ao m.cn•e it 90 take 
lllW8.f 64). She d id M d C(lmplck:d fue ):IU:t ure. We, t.Mo 
rook a b rea.k for I uMlL 

By the way I had. t;r ed io IIJ.."tt:ept b~Ji firs t V4J~ion bLJt 
sh.e lY'(Iu]d not g;ive up on the or:!Dnal p 'l!ture .. 

Alter Llmeh r tu\k-ed b~ i9 mu.ko 

This time usin:a: liC or RC (whlch took d~aml!1tc:t"· ll.1! 
th el:r input) . 

Tbe'n I went away. I fi,iJ!I~t(!d 131!i.c hild :riit.-tllU.l iz~tl lit!r 
e:~perlence wi~b tbe bead of RUTH and MAIUIE. 
I wantoo to see if she oould undo it. 
:She: '\\·urhd v..:cy lmrd. 

She got 

She aaid no she onh· wanted 1 L'eaof. ~Es,tb.etlcs). 

S.lt~ did it! She c;ulloo it DiF for dumb ftow-ar (ap,m 
emphatle 1n id. d rJHI'I.i~~ic). 

In all this 1 M!e another lnt.eJte:r.t!rtg J.;ib~urt~'lon. 

Can it maki~t,~~: cli.c:hea. Are they ,good or. bad? Perhapa 
ilti!Cll..:.lJl!kJI', J\n)'Way that's bow ·Lt ~~~ ttl :!lb. (Se:r­
mAmll" !13)'~ ~1. it(~W ihu the 'bl(lssii1g of ~'In-me thMrY' 
and ii!Ometht~g t ogn.J'tl\'1!1: ~YdloJQgisi\8 ¢1!11 ··~roo­
typinl('. Again ] don't ltfl()<w but ["m gliu] to know 
that the-oretical 1,1~le are pa.ylng attentJOfi ttl the· 
thinP~ that 8el!m imJ!ortant. Also, wha~ doe~ P~aget 
n~. •.:t~~n b :r ~~e heiDI!. ?) 

Hef\'l ia fl. 1!>4l<Wa of C"~•wtCli. 
In makmg '!:he n'l.t~D Rl.t con!S'lnJcled 

The -obv GL!Ifl fih<.t ~ 3 l cloh1g tb&!l- i~ 

F DEiO 
RCIRCLE 60 

but this give.! 



LT90 1 
RCIRCLE 60 

Eat worked Rwhil•l on this o.nd eventu&Uy kl14lW ho-w to 
makr. f~.gur~!!. Llke 

Now tbe flowe:r modeL <Cll)led tor 

wh l<fb E.:1t had prevJously .found e-mu. llut Mw • be 
hsa trouble-. She has ••formed o. clicne .. or ••,OVErglm~ 
erallze>~li" or whn:~ .. cr. Yo1.' fl! iglnt N!.Y •·wen lihe doesn't 
understand nnytrung. Sf!.{: ]B. echolnlil' mecbaniearly.'' 
Bnt it's not so !rimplt:.. Look a~: wba.t happened when I 
st~KF-ttt(:d P101tttng ln a L~af to form ~ 

Tturtle Grapbica in LOGO 10515 

8.9 fibe would if '"LT 90 RCIRCLE" bad b""n ctlml•1ct.ely 
ritmdiE'Jd. So it's mor ll!l l.lbt~. A..:t •.n._li-Y" E~t had de­
.,eloped a11e>th()r d i<:bc. J m1!dead ol !I )1n.g L T 00, abe 
wou ld ~~tLY R T 90, R T 90. R '1" 90. lD thJa problem there 
waa payoll'. Then abe would al'flo·ars turn the turt:]e 
:rtght. 

My nsxt augg~l;lr;m "'''II CA> tn11.kc a tow of t!Qwer&. 
She did 

DF 
DF 

but. tbe s<:COtld DF dre1"' the ume flower apjn. Ast.on· 
il!.bment. ! Bug ! Again a \'IM'1 "'trivial" pieco of 4ch•iee 
:gc.t ber go£n . I pointed to whe:re the n t l'loWCJr cauld 
be. No wal'da were nec:eM&r:y (wb.t ~ 1CPO'll tor ta.lka. 
tive ti!achersl) . • . !!he kno.,.,•& how to drl\'e the tur,tle 
and she quickly drew ~ rt'IW of nowt:~ 

DF 
RT90 
FD 1)0 

RT90 
RT £10 
RTOO 
DF 
R'fOO 
tlt~. 

99 
' "Fanta.~tle" I !laid. ·•amd what abon.t one ·~ UW kttt. '' 
Serlou!l thlnld!lfl', lt baa to go BK UiO aha Mid, ''be­
cause there are 1 2 8 of them." 

AJl:S.in thl!' research prO:blem ; What do th .. II ttre•• 
aid.!! mGLLn ~ \Vtul.t i& the: lear:Der's problem. This 
learn.er aometfn\e!l h.a:ndledl ·mrs arnarin~rly. Her ftowe:r 
drawer ia called DF. Like m.a-mo childl'on he-r ~_go lltt:­
sometim.es. r.evaraes lettin's and ~pcc.i~ll)' rs i:J\CO !F'D '"a 
LOGO •;a.•ord. & !Gwrul Urn hu in~nood DF &»t the 
repl)•: 

FORWARD NEEDS MO:Jt INPUTS 

So 11he wrot~ a b'~ DF on a piece of paper. Pu~ a c.l~~ 
around it and ~ooked at it r itualiatie».lly c:.,·el'J tlme !Jhe 
want-ed to drsw a filn'"lll' ~ (BclSt. model thL )rear of 
d \u,Jg:ging.) 

J cmpfuJ:.'Ii:r:e: the pArtlcular lrkk forr DF w~LB «:ntirtij' 
ner own ldea. U I hekped it we b)' (l()nve-yL~:~g (rather 
than telbng) lUI ~Uitud ltl deblilggl llJI: and toward.11 
1l3iri • paper and pellcll as ,a. materia.a aid. I luul often 
thken up the 11encil in tim~ of difficult)'. 

Fina.U..v &notbcr ••t:liehe" "''bJoh I alre:a.dy me:otioned. 
Eat ne.,•cr tbed LEF'I' spontaneously. Sb koow what lt 



did and would obltge l! awd to ~;~ae it. But on her &wn 
~'It would say 

RT90 
l!tT eo 
RT90 

ra.thet ·than 

L'l' 90 

then aeemed tD be no reatGD t.(J. r;omp]~o o:r ••CC!rr-eet" 
th i~ perf eclb' adequate l'epl'eiiieJltAtion l U mi(rbt be 
tnterei!Un,g to watch it! development. !B 11t proh.bJy not. 
One d.Jl,y :.N: will uee L T 00 IUld llO o!le will e\'c:r know 
whar. happ td. Except ner, perha])tl. 

R-EFEREN'Cll:S 

1. Barn.~, IRlli"A, Tlu Df1,.1'6Jm141le (If .V.mcat l~ll'­
~c-al; Str~•~~~~ /..- RlfJWeutiUrt*' Sn.tpra IUI,..tAm .. Ml1' 
AJI L11b. LOGO ~mltO l !1, )i'O\~llttr 19'1'1!. 

1. Minu:r. lil•rvll'lt and ~tt~nr l'"lll!fii', .il~r il'ut~llfG' o;, 

~- Univ~raity rfttD, ltT4.. A u u. AJ ..,..!II 11 ~pt.. 
rdtuca, I~ T~ .. Artiflclll.l 1J:ot«<IJ_gc~ll l.a.1)., MRmtJ 1!52, 
IWT!.. 

;L Min y, lf•r.,.in, A Ffllmc~T fa~< Rt'IJ"'ua~ ktt~~wrlrrlN"• 
Ml ',l', Al M · ·o-301.19?4. 

4. l.HMicy, jj.J;-vj , "Form II.Dd Collt«<lt lll Crunpu~l' !lritJ~," 
JACIJ, V'tJL H, No.2, 11!7U. Al_, u MIT A£ lf~ill) 181, 
1S6t. 

r.. Pa.-rl, Strym~r a.ru:l CJJTthiD. $Dkana111, ~..-tv To\.irriJII r" 
lh> w:rttfl. a; Co~pwfrr, }tl1", AI Lah. .L.(M';() 11~ .8, J111l!' 
l.!J'Il, Al110 in Ectua.a~ioJto11'r-~ituui'Dnt, Ap "I 1?-n, 

fi. ir'lt1 rL, &>·mwr. Ti.YSMiJJg Cfliktfftt. tq. hill itla.!Atm~tdittfo:!l• 
11, TvACl!i'lu ~ •'lta:thlfltl~ttiu, ~1'1' AI Lib. liOGO Hm1.0 

4, JuJt. 1911. A o ir:. In.1.. J . )l&t,h, B o.fl!c. S~L. Ttcltnol. 
•·ol. &, :UD-262, 1912. 

'l'. 1'"8JII!r1.. Seym~r. rJua uf 'l'•t;:.!\Miuft' ro E'IMitCi! Edlli!Btiw, 
rlliT A I LAb. l..()(;;Q M «fit ~> 8, Jvro~e> 19T3. 

ft. l"a.pcr t, ~iiDOi', .,On M.llki n.r 11 Th eoNm ~~ 11. Cli ilil," 
ho.c. i i.C.Iif A "-"~IL"" C~f. A uK- 1'9'T'!. At.o Jll N~ A'dl~·~­
lioH~tf 1'"~,~11'. Gert~nl 'iwrtlc 0.1:-eiopm~nt 1"'·-· CiWt­
bndgt, Ms., 

D. 54klmott, C)'l'l~h~.., "Leadinlil: 11. Child to a c;cm,~u-..r C~o~l­
tW"c," "Prvt>_ .A C1•1 SlGCSE..SJGCr/E "'~ .';'~~. 
Srt:~l'l !HfLLETIN .8,1/ SlOOU£ TOPiCS 2, Feb:ru.ar!· 
11!'16. AJ~J) 311 t'f A [ LAB LCGO A'l P.~W ~. Jln'S. 


