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1. Abstract 

Th, S ; S a research proj ec t on e l eme nta ry education whose 

i Ollle-di ate objecti ve is the developl!Iel'lt of new methods and materi a l s 

for tea cit i n9 1 n an e nv 1 ronme,nt of compo t.e rs and COIllj>U ter-co nt ro n ed 
devi~es. Longer term object i ves are re l ated to theor1es of cogni t i ve 

processes and to conjectures about the possi hi! Hy of produci ng 

muc h la rga r changes than are LlSLla 11y t houg ht poss i bl e i n th@ ex

pected i nte ll ectual ach ievement of chil dr en. lh t s proposa l is 

formul a ted 111 te rms of the se If-suffl c 1 ent 1 nmed f II te obj ect he s . 

2. General Pri nciples 

The n.!thods al ready devel ol)ed ;n our project add nl!W dimensions 

to the possibilities of cu.rriculwn reform i n mathematics, physics, 

b1 01 ogy , and other conve"t, \lna 1 school subj@cts. They a 11 ow us to 

remove artifi cial Darr1ers Debleen "suDject s", alld so to i ntegrate 

IIIlIthemat1cs with the other sciences, to int egrate science with 1in

gui s"t1 cs and otner academ; c areas and even to es tab 1 i sh sf gni fi cant 

It n ks between "acadel1ll1' c " work and freer act; viti es such as mils i c 

and gymnlStl cs . Partly t h,rough re1llQvi ng tnf!;se barr; ers, partly 

1 nd.ependent ly ,. we are aD 1 e t o acn; eve a more i nvo 1 ved and pers ona 1 

pa rtic i pat i on of ch n dren ; n thei r 1'101'1:. 

'The key to aeh j ev t ng II 11 thi sis r!!eogni zi ng three new rDl es 

for the co~pqt!!r in education. These are: 



(a) Mathematica l ieclmol~9;e$ for CtJildren 

WI! f i nd t hat the i nte,ntion behi nd this i s most effective1y 

convl!Yl!d by a fantasy. On~ mig ht dream of hav ing ch il dren l earn matne-

milt. ics by giving them a sh i ~ to sall t he ocean. a sextant to fix: th!!i r 

pos iti on and a cargo to trade wi t h di stant peop 1 es • A hr'ge pa rt 0 

OLir worJ:; is directed at tryi ng to make th; s dre<llllcome t r ue (a t leas t 

in pr tncfple) by creating' lII~th.emati cal i nstruments more ma n<lgeal:ll ethan 

shf!ls arid sextants, b~t Which still allow the child to dE!velop and 

exercise mathematical arts i n tho!! COUll'S!! of l1l!!aningful, challenging 

and personally motha.ted projects. 

In our context t he cOlllputer is not lrerely a dev1 ce for 

manipulating symol s. It actual ly controls re<ll, phYS1Cal processes: 

motors that turn. truck.s that II1Ove, boxes tl1a t ell\j t Sou nds • ely 

progra . in 9 1t. the child 1 5 abl e to produ ce an ,endles 5 var1 ety of 

llctl ,Ofls 1rI II completely intelligible, contl'l)l1ed way. NI!'IfII mathe-

matical concepts transhte dtrectly illto new power for action. Self-

generated projects induce an il1l!ledhte <lnd practical need to under

stand the mathemati cs of movelren t.s, the pnys i cs of mov i n9 bodi eS and 

the fomal structure IJIf sound pattel"ns.' 

(b) A. Model for Learning About Learn; ng alld Other CognitiYe Sk1" 5 

Because • chi ldren l earn by (10; ng ," r@sean;h in @ducation 

has the task. IJIf lnlrent1ng better thi ngs for chi l dren to do , and! WE! 

1/1 les s 1 yri cal. TIIOre techn; ca I a CCC1JI'I tof S O!l1e of the IICU ons 
we h.~ve al ready mil de acc@ssibl@, can be found 1n the apperlded p<lller, 
"Twenty TM ngs To Do With A. C(lIIijluter. · 



see our technol ogies as a particularly good examp le t hat is cOOl~ 

plet el'y j ustifi ed on this score alone:anecan do irif i rii teTy more 

with OU r machi neS th an with t he rods and b 1 ,oc.its an d shi ny but pas s 1\re 

lilDoratory apparatus of t ile curricul urn ..eftl of the prev] tluS t.,o 

decades. But we are al so i nf luenced by ano tile'r d1mens I on ofeduca 

t i onal phi I 050phy i rid; cated by an addition to the s l ogan :"ChHdren 

l earn by dtli ng . alld by thi nk i ng about what they ,do. " So, another 

di lllenslon of the task faci n9' research in educatl OO is to gl ve ch ildren 

better ways arid meanS to thi nk about wha t t ney do; and this i nc l udes 

lookin:g for activiti @s .... hos@ structu re mi gh t a ll QW the chl1 d a par,· 

ticularly cl ear view of his OWri intellectua l activity and so help 

hi m achi e!Ve! a 1lI0re art i cuI ate understanding o.f "do.ing . · 

To see! how computer-controlled devices excel in thi s function, 

consl der a simple tas k of the Ili nd we ilSS tgn dur i ng the f i rst week of 

an elelllflntary scnoo1 course us i ng II de ... ; ce l<nown as a turtle: 



The turtl e "understands · simple COII1llands (typed at tl1e cOll1puter ter

minal) sLlch as 

FORWARD 73 

R I G~1I 90 

PEt/DOLiN 

:PE tiP 

Wh 1 ch ilia kes I t advance 73 'un I ts 

Wtli ch mahs 1 t rotate ar-(lund its 
center throLlgh a 90° angle 

Which makes t he turt le lower i t s pen 
and 1@ave a trac@ of its p,atl1 

TO lIIiIli;e the turt I e do anyth i ng more comp l@x, the ,lin d mus t wri W a 

procedure. For elt:aJl1P Ie. the cnn d m; ght want to "teacl'l title t~ rt 1 e" 

the conmand YBOX · .wIlos@ effect 1 s intended to /R8;ke the t urt:l e move 

. around a square. To defi ne i t , the chn d I1MJS t "te 11 ttlecompu tel'" how 

to BO);. · So he types: 

TO 80)( 

1 FORWARD 100 

2 RIGHT 90 

3 BOX 

END 

The word "TO· i nd i ell tes th~ t 'IIIe are 
defining, So tIIIe turtle ctoes not 
go f orward and tum right when t he next 
lilies <Ire t,yped . Instead . it ., r!!lTleJ1l~ 
bers · t hl!se di ret t i OilS un t i1 i t is 9i ven 
the cOlmlllnd BO')(. Notl C>e t he use of 
recursion In 1 In!! 3 to set up a sel f
perpetuating process. 

The last line s.ays the definition is f inished , TI'lI! child now has 

only tllt,ype; 

BOX 1111$ c;:.olllllaTld cdu,seS the turtl e to go 
rou:nd !I,TI d roo nel an d round . . . a square 
whose side; s 100 units long. For tnts 
exa pl.e w@ do not need to know how to ma\l;e 
the turtl estop -- though the chlldr-en 00. 

Now $uj)po,se. to develoj> our exampl l'. that thl! child wants to make 

tlJl! turtle draw a tr1 al1gl e. He writ@s: 



TO iRI 

I f ORWARD 100 

2 RIGHT 60 

3 TIn 

END 

IJllt whell tile COlTlTllil lld TRI is givelh i nsw",d of (\r~w1 "g II triangl e. 

thetu r-t 1@ draws this hexagon : 

When a chnd maleJes 1111 stakes i n IIri tMiet t c c l asses. he (and. al as. ofte,n 

hi s teachers) Int ght conc hide. • I I m dumb · or "r ' m not mathema tt ca 11y 

rnfnded" or "I never oolJl d understand that " or (at best) "to he ll W'ttl1 

it. " The eh t 1 d rarely engages 1 n cons tructive th1 nk! ng IIbout how lind 

lijAy tne m1 s tak.e .h appened an d wh at can be done about I t. lJut when 

the turt l 'e draws a hexa901'1 1 AS tead of II tri ang 1 e. the reac U on i s much 

more con,struct1 ve (or at le,a,s t easily becQl1l@$ So with a l ittl e en

couragement) • eh 11 d ren a 1 mos t unan1 mous 1 y see the turt 1 e (rather 

than themsel ves) as do; ng t he "wrong th; ng .. • And. of course ,we 

strongly !lACOurage this, for th!! chnd i s then much more ready to be 

obj ect; VI! abou,t 'lfih at happl!ned. ~oreover, we are ab 1 e to urge thel1l t~, 

understand I!xactly why the turtle did what It did ••• rather til"," 



loorcly IIk1 kc it do t he "r i ght thing. " The di agr alll below l'Ii ll he! p th~ reader 

ut1<1~rstand what di d happen -- for a n ele l~nt.at'Y schoo l child with a 

pas t Ii i story of l1nbroken fai lure in ma th . it t-w.eds a 1 Dn~ler U",e . 

,trld often cOlI!es as a reve 1a t i on tim t it is £I'.e.!'~~ )_ihl~ !_o_..!I_l!de r-=-. 

60" 60~ .r 
____ ......... _ _ -'- .. .. . t • 

We ha VI! observed many ch il d ren ')1"0) dlJ~ 11 y t rllll$ fer tile obJ c-c t tv Hy arid 

sid n acqu tred In debuggi ng th e t lJrtle t o "deblJggfng " thei r own ml s-

takes and th~lS (I cq IJI ~ a morl! cons trlJc t h@ appr oach to t he I r' O\IIn 

l earn lng .2 So, tn a sense, they are l earning something abou t t he 

ipractica l psychology of learni ng as we ll as abou t j:lrog rilPJl11ng and 

geometry. They are al so learn fng someth ing aboot tiIle na ture of 

t hin ki ng by s~i ng an object~ve, extllrnallzed ua",pl@ of that curlous 

process called "fOn11a.l " or "rigorous " thin ki ng which l"'@fIIa1 ns so deeply 

IIyS uri ous to roos t people who P(lS s through school wHho ut ever under

stlt'ld1ng what 'mathel1llltlC(11 t hin ki ng is . or why it shoul d be. 

Finally , under tJJ 15 hudi ng. we ml'n tion for completeness 

an area of our wo rI( wi th ch 11 d ren ttla t 11es beyond the s cope of th 15 

proposal. TM s 1 s 'research (In how people I earn - - and Cllin become 

better at learn1 n9 •• physica l stHls such as. j uggling. bahnclng 

f~ats a nd other lO ci rcus arts. " Our conjecture. (for which we ar-I! 

grijdU(i.ll y co l l ectl ng confirmation) is tha t these s ki ll s can be 

20ther exa~ 1 es can be f01Jnd I n th e a ppended paper s "Teach I ng Ch il drt!1l 
ThlnUng '" ilnd "Teachi ng CIlUdren To Be Ma t h@lIwt i c i ans , " 
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h arned with, s peci a 1 eas e by subjects who. h ave acq ui red soph 1 s ti Cil.

t i DO i n t he "debuggi ng model of l earning" and in a nUlmer M similar 

con ()@pts re l' a ted to oOl'llputat i on " 

(c) Theoret ; cal Computer Sci ence as a Source for Research on 
E'~n tary Education 

TJ1e re h as been very If ttl e i nteracti On Detween the e l' E!$I1en

t;a ry curTi CI,I1 ~ re form I!lovement an d t h e cOflceptua 1. theoreti Cil 1 wi JIgs 

of compute r sci en ce , We be 11 e ve t hat by open1 "9 th is dh 1 ogue we may 

b@ UTlleilstdng an intellectual force of great pClll'er; for ,education ml 'lJht 

be the area o,f research iIl1d All p' 1 ~ ti on n e,e ded for ()@rtil.l n ger1l1i nat 11'19 

ice,as in the theory of cOfJt,Putat iofi to aequi re purpose and matt.u"l t,y. 

Artificial Intelligence springs to ll1i :nd immediately as an are,a of oem-

]:Iuter science that should i nteract wHh education. But. there are 

other. less obvious. exalJ1l1es Ititha greater pownt; al for illJI1@dhte 

il1lpact. One of these. wf1ich we shall USe to i 11 lI,strate our poin t . 

is computationa,l geometry, 

Th is 15 an es sent ia lly new bran ch of mathemat1 cs that de

rives f rom such SOIH'Q!S as autanata t heory. pat te m recognit ion and 

c:omp:utatl ona leanp 1 exHy • fran tlie se d ive-rse origins. it has grad-

u{i 11y moved towards a coherent concept,ua 1 persona 1i ty • I t so happens 

t hat t he Artificial Intelligence Labora tory at M.LT. "Is a focal pofnt 

of developnent of cc:rnputllt1 0nlll geOOletry and of tile thinking about 

educati on eII1Dodllld in tn is propos a l' • So . it j s not surprl sing t tJlat 

the re shOll 1 d be an i nteracti on. and that the Des t deve 1 oped pi eCI! 

of mathemat ics In our O!!'l!l curriculum is "turtle geometry ," 



which is firmly rooted 1n both areas. 3 

EnOl/gh othe r exaJllples are germi nating in our laboratory 

to convinc@ us (as we suspected froal general ideas) that lI1aoy branches 

of computationa l fIIilthematics will cooe into being a,nd many of th.ese 

will prove to hal/e pedagog 1 c vi rtu@s . Th f s Is .,otan a.p p rep rh te p" ace 

to develop t lil s poi n t · bu t we t h; nk we are ent it 1 ed to empha s ize 

how Tar.a turt l e g@ollll!try is alDongs t innovatfons fn mathematica l cu r 

ri cul a 1 n actua lly being a new pi ece of mathemat f cs. created for 

chi l dren. Th; s i s starkl y di fferant frorn t he gene ral character of 

what i s cal led the dN@w Ma th". The creatOrS of that mOl/ement di d 

not c\"eate very I1lI.Ich (If any!) new mathematics . but rather seem to 

have scratched about In the rna themati c1 an I s cupboard for fragments 

of alreadyex1stlng (and generally rather old!) math~tf<:s that 

s~d suitabl e for children. 

It is a1 so approprhte to r-emark that computer sci entists 

have not been any mor@ imaginative tn deve l opi ng mathe atic,al ideas 

for teaching thei r slIbjl!ct at any level. We see the traditional 

Boolean-Algebra- Fln1te-State-Machine-lambda-calculus course content 

as uninsp1r-ed and uninspiri ng f are for young compute'r stfe.ntists. 

w@ wo u 1 d ra th,er teacn turtle g:eOll1l!try -- and other top t c 5 1 ike it 

at all leve ls, wheth,er 11'1 fifth grade or graduate schoo). ... 

3Remarkson Turtle Geometry are contained in all the appended papers, 
wf1tc h USe it as the best developed e)(ample to illustrate techinical as-
pects of our curricula. The best e)(pos fti ol'l is i n wTeach ing Chil dren 
To Be Mathemati cl al'ls." ... 

A monograph by H. Mi nsky and S. Papert d@velop l ng i deas of th ts 
sort will soon he published by the ftrnerican Math@matlcal Soc i ety. 



3. l!I1'!1ed1' ate Res eard'! Plans 

(II) Genen 1 "rob 1 efI1S and Propos a 1$ 

We ha\le scarcely begun to tap the th ree sources of edLlcation-

a' 1 nn ovat1 on ment, oned above. TO' a first approximat ion . QUI' phn for 

the next year can be described as ''Inore of t he same kind. M We f i nd 

ttl at s 0ITIe O'f oLir i " uS tra ti on s of nl!W teehAo log i es are s uffl cl ent 1y com

pe lli ng to attract cons i de rab 1 e· 1 rite res t fr~ res eareh groups and ed uea

tors inc! ud ing some who had b(!C<HlIe dt s et'lch an ted w1th curr1cul UI1Irefonn 

lind cOll{lute rS • We be 1i @Vl:! t;l1 is 1 n terES t may S tart a wave of more 

res eareh strong enough to de f1 ed ttle n a t l O'n a 1 vi ew of th e 1"01e of CCl'll-

puters in eduea t] on. Haweve r , we have not .ve t carr! ed the Job far 

enO'ugh to be cOAfident tn t~is beltef. 

For oLlr own future work ,we ha ye se t oU rse 1 YeS the goal 

O'f developing en10ugh lI!aterial 1 n the form of technology (1 ike turtles) 

and ideas (like turtle geometry) to i nclude the major part of a fu ll 

,eleme:ntaryschO'ol currl culllll In llIathemati cs, scIence ,. mus Ie, circus 

arts, fomlil.l 1 ingulsti cs. and SOllIe !Ie'll" subjects one coul d call "cy

bernetic mod@ls M for UiSe 01'1 t.!1e elell!enhry school level. 

On ttle technologi cal side, t h1 s task. is not as fOmlldabl e 

as I t might seem. for our el1g111@@ring 910rk does not !I:I1y longer have 

t he fom of deve loping particular devi.::es s u.::J:i as tur tles. We hue 

. gained enougl'l exper1 ence to shift over W deVl:! l op ing modular !;Its 

out of wh; ch llIa!!y d1 fferent I:. i nds of de vi eeS can be ODns t ru cted . 

To ttl; s end we have already bul1t a f 1 rst rmde l oef a universal con

tro' hr to <Ill ow extremely easy inter1'ad ng (of 1lI0tors. re 1 ays , sens i I1g 

clevice:s, aAd soon) to' t he computer . W'e shall soon be able to install 

one of th e.se i n our I! 1 ,ementa ry s ch 001 ccmputer 1 aborato ry, and the 

ohllclren will tilen be able t o mot orf ze IInder computer 



control any cOnS truct i on they care to make. sayw:t 'th an erectOr s@t. 

D@v@loping tl1eore t1 ca 1 ideas and teaching I1lI!thods ha s Il@-

CCfl1@ a s tn i n on our computa t iona' res ourc@s .. We have @xci t i ng ideas 

for a fu ll physics ~urse and a bio logy cours@. both deriving from 

the kind of j)roject i 11 ustrate,d in section 17 of "T .... enty Thi ngs To 

Do With A Comput@r. " We have an extl'eme 1), strong group \'fOrl!.1 r\9 on 

teachfng and sbudyl Il9 lIlus i c in the lOGO environl1l@:nt; al1d. ~ have an 

i"cr@as ing pool of mathematical talent eager to d@v@lop new ideas. 

For these ideas to f1 DLlr; s h, WI! need freer access t h,iIJTl \fill can nOW 

;prov i de for our research staff and students to c.onrputers an,dto chl1 dren. 

We need a camptlt,@r fad 1 ity of 0111' own. with rea 1 r t ime 1 nteract ive 

fac:iHtie'S designed for aLII' needs. At t/1e roomen,t. we rely on using 

a research OQI11pLlt@r s@tllP at tile Art i f t cia 1 In te 111 g.ence labon tory 

for di ffere"t purposes. This computer is nOW ne:avlly overloaded --

so th,at. besides restrictions on our aocieSs to it we sLiffer from 

poor res ponse times thO! t i nt@rfere wi til ,ou'r rea 1 "U me pro.l ects • 

So, we have des i gnad. and re.q Lies t fLinds for a new t1 me

shared sys tel1l based on a PDP-11 computer, wh i eh we sha 11 equi p wt ttl 

ten tenn1nals tncludlng five diSfl1ays suitable for turtle geometry 

and tnterfact ngfor~l-Ume wDrk. of tile I:.ind we have already 1JIel'1-

tioned. 

Our main reason for designillg· th'1:s syste 1s that we 

need it fDr our own worl:.. We have. however. kept in mind the poss.-

ibi li ty that; t m1 gilt serve as a IOOdel for g4l'lleral LISe , n schoo' 5 

and other educati olla 1 en ... 1ronrne·nts "CD 11@ges, mus e.."s. vocat i onlll 



tra1 n1 rig, etc.) ami have des1 gned it (we b@ll@".e wi tI10llt ever COIn

~romis i ng 001' own needs) to faei 1 i tate thi s . Tfle system w'll1 be 

very nruch ahead of the "state of the art" for 1I11nf -comput@rs in power 

of l anguage. in real - time facH iUes. and i n di spl ays, On the other 

hand. its cost (excluding t he once -only cos t.s of en,g1 neerin,g and ~ro-

grammi ng) wil l be comparab @ to currently ava i lable systems. So. 

it will al most inevitably be used muc;nmore widely than i n our lab-

oratory. The importan t technical features of the system are: 

(t) La MlJage 

The system will be ded i cat ed to a vel'S 1 on of LOGO 

extended to provide fu ll list structure. al gebra ic 

inf ix notation and flQatin9-!lQlnt al'lthmette. 

(ii) Users 

The sys tern is des i gn ed f or 10 users . but wi 11 prQbab

ly be extendable to 16. The design takes advantage 

Qf the fa ct that many ,users wj 11 be el'l11 <lreA work 1 ng 

with vel'YslTIiIl l ~rog ralllS • 

(it t) Rea 1 Time 

The system w111 allow uSllrs to declare priorlttes for 

res pons e time. The i nten ti on of the des I 9n 15 that 

the top priority program shoulid be able to provide 

a response 1 n 1 ess than 30 mll1 iseconds for experiments 

such as the 1 Averted pendulum discussed below. 

(1'0') Displays 

The system will have f ive di splay tubes of adequate 



qlJali ty fQr t urtle geOll1l!try and simi l ar graphi cs. 

but of cons 1 derab 1 y 1 O\!i.er qLla 1; ty (and cost) th ~ 1'1 

the standards usual ly cons; dered necessary by the 

computer industry. (U sLl1:table Plasma storage 

tubes become availab l e i n t i me ~ mi ght s\'ll tc'h to 

thet!1. ) 

(Y) Auton 0!l1Y 

The PDP-n sys tem wi 11 be ab 1 e to opera te a uton 0-

maLls1y. but wil l be connected by a Sing l e hi gh speed 

11 ne to a centra 1 cO!11~uter fac l11 ty to a nO'll 1Il0re 

conven; ent back - up storage. monl tarl n.g of programs 

f or research pUT'pose s. etc. 

(b) Examples of What a Fu t.\lre Sct1 001 COI1PU ter-Latlora t orY 

Mi ght Contain 

fn this section we shall tal k 11'1 a discursive and im:

pre~si onisti c way about ki nds of new dev1 ces we see in a future school 

laboratory. Wl!sha 11 t ry to canvey s orne 'Images that gu Ide our 

present thi nking. Sut we warn the reader emphatically that \'Ie an! 

finnl y {:o itted to the need f or f l exibil i ty in this ki nd of researdh, 

i;IlId wil l CE!rtai I'Ily r'lGt stay by a pre-conceived i dea When better prospects 

suggest t hemselves. So the fo 11 ow1ng pages III\Jst not be I"It.ad as a 

pranise to do any par 't itular thin g. They are real1ly tryil'lg to s.ay 

that th1 s ·1 sari ch area of nts@aroh. 



1M ld-An -An1 /11~ 1 Ki t 

We lmagl ne a n en .... 1 ronment 1 n whi eh children 'sstud,Y of 

biology ts augmented and deepened byel11bodyi ng various bi ol og i cal 

f lmctlol1s· and mechanIsms 1 n cybernet1 code' an,lmals . The i dea of 

s tudyf n9 bi 01 ogy by bu'il d 1119 rDOde l s i s not. of COllrS e. new. Our 

con tri but f on 1 s t o show how it can be done eas 11 y a riel clean 1,\1 DY a 

chHd. 

An aspect of wfIat is mean t by 'II cl i!an,1I 

1S illustrated by t he re l ative importance 

i n t he constructi on of mechan i cal pre

cislon and of functi onal features. The 

child shoul d not D@ f r ustrated by having 

to work t o 9reat m@chanical precision. 

More fmportant .; t he process of debugg t ng 

sub-systems of the model snoul d n'ot be 

confiJ sed by bugs due to mechani ca 1 ace 1 dents. 

A good example of a bj ,ologlcal f Llnetlon su1 t able fo r study in this 

way (and perhaps i nno other way at al1eleml!n,t ary school Tllvel ) Is 

bal ance. To I,Inderstand its 1III!000anhms in any real $ense one nl!ed~ 

to have IlI/Ist@red a sma ll set Df Vf!!ry powerful concepts s uch as f.eed-

back, stabili ty , moment,um and a fewotihers . In an abstract setting 

tliese concepts are difficult . Concretized in suitable proj ects fn 

our ki nd of laborat ory they are perfectly acce,ss1 bl'e. To nlustrate 

the way In which olle migh t start cM ldrel"\ t)ff on understanding t hetn 

we r~r;a 11 one oft/'le proje<:ts men t1 oned in "Twenty l'h i ngs To Do With 

A Computer" -- to program a t lJrt leto ba l ance an inverted pendul wn. 



Th@ f011 0\!1'1n9 illustrations fro "Twenty Th ings, , ," shO\!l' how we i n-

s@ rt th is i n a 1 ; mit!!d project ( t he pictu re of the fam; 11.ar t urtl e 

is symlJo 11 c - - th i s pnt 1 cu I ar devi ce happens to be too s I ow fo r 

t~1 s experiment), 

Sk@tch of a l esson Unit on " pt'lYs ; CS i n t he Finger-Ti ps " 

The problem is to f i nd out what objects are easy to ba l anc!! 

, , , and why, We begi n with some crude experiments on ba l anci ng 

objects ourse l ves: 

(Try to genera li ze to rel ated situa t ions: can a child or a giant wal k 

more easily on a tight-rope? What length of 5tl1 ts is best? Etc . ) 



The Mxt two pict ur&s show stages fn t he construction of 

"models '" of t his ba lancing probl em • • . (maJ,;ing models is often a 

good way to understand th1rlgs J). 

. 
LI GH T 
RIGID 
ROD 

WE IGHT CLAMP , VARIABLE 
MASS AND POSITION 

H ING f WITH I 'DEGREE 
OF FREE!DOM 

TRU CK 

RAIL TO MAKE PROaLEM 
1- DIMENSIONAL 

CHI LO KEEPS ROD FROM 
f ALLING BY PUSH ING 
TRUCK BACK A 0' f ORTH 

o 

WIR E TO 
COMPUTER 

TURTLE KEEPS ROO FROM FALLING 
BY MOI/ING FORWARO AN D BACK . 
POTENTIOMETER IN HIN GE PROVIDES 
INFORMATION FOR FEEDBACK . 



What It 1 nd of program can make t he turtl e ba 1 an oe the rod? It 15 re

markable (but very tYPlcal of this ind of won) th~ t an 1 ncr edibly 

sl ml>l y i>rocedure 1'1111 work under restricted bll t realistic condi t iol'ls . 

Th i s procedure (be'l eve it or not I) is sjl1lply: 

10 BALAKCE 

1 FORWARO ArtGLE 

.2 BALAtfCE 

END 

The p'ratedll I'll uses a sub- i>rocedun : 

TO ANGlE 

1 OUTPUT f'ORT 5 

END 

This sub-procedure causes tlie infonnatiOfi frCllll "PORT !;i" to beCO!l!e the 

"va 1 lie • or · out put" of the i>rocedur·@ ANGLE. W'e giles s t hat the 

child I1IlIst have selected the fifth port as the inlet for his wi re from 

the potent i 0f1IB tel" (see 1 a.st 1>1 ctu're) and that t h is provi des a number 

betwllen -1 80 and 180. I!h1: a lso see that lie dec; ded that the s ta te of 

the slstem woold be reflresen~d by tit; S ilngl e . 

S t a ttl 1s one of 1be prime concepts in 

our fifth grade courses -- whethl!r or 

not we mean to use it i n physical con

texts. We see thl s as a good eX

ample of a fundamenta l concept that 

would appear ai:lsllrd1y ai:lstract '1 n t he 

COntext of traditional schools and 

curri eu h. but wM eh becomes simp 1 e • 

ool'lcrete and pOW@rilll in ours. 



The next sub- pr oj ect for tn.e child is to understand exact ly when this 

w11 1 "work. " The reade r wi! 1 e,as ily see th a t it wi1' 1 wor k anI y f or 

certa i n l engths of rod. and for 5Uft; ci ,entlygen t l e pertl:lrb l ng f orces. 

He will I ess easily see that the IYroclMlul"@ all c;MS a dr;; ft ; n t h e 

'tllr tl e t llat wi l l eventual ly br i n9 i t to ttJe ernd of its permit ted t rue 1 • 

Eacll of these obse'rvat~ons l eads to a modification or extension of 

the procedure., When it i s eventua lly debugged it may \fori( 000 'lilt! II 

I. e. much better t han the boy in t he origi na l p'r'Ob l em! The f i nal 

5 tep wil l be to degrade its perfomance - - perhaps by I i mit i ng Its 

reaction time to the human range. 

Sketch of an Extension to Postural Balance 

People can stand up wi t hout moving t hei r fee t • • • 50 

they have a different balanc1ng method. But its princi pl es are the 

same . A project d1 rected at finding out hCJloi' it works shoul d be 

acc.ess 1 b I e to a 5 tilden t idlo /las unders tood the previous e.xper1 merit 

prav1 ded tiha t he Ms 5U 1 tab U!' co ponents. A set of COi'IlpOhen,u 

we propose for ,Clur kit I ncl udes a l olnt th at 1 oaks H Ile biCl bill'S 

I'll nged tog,etiler, but lib 1 ch has, hidden 1 n t he bars. a "muscl e" 1 n t he 

fonn of an e l ectrical' y drhten actuat or, and a sense organ. Infor-

mat101'1 and power s1gnal s would be passed internal l y in t he b.ars. 

Thes'e j Cli 'nts co:nnect together eas t l y, 1 n t he manner of st a:ndard 

"ocmsirLlction kits. ,; The kit al so oontai ns passi v'e !lars . and bars 

with other sense organs . such as accelerometers. and pou t!)l y tither 

kirnls of actuators . 



ProJ ect; Des i gn a progrillTl t o bal ance thi s devi ce. The I El tter A 

mark.s b/O places at whi cl'l acce 1 eroneter s are at tach ed. 

Ed@ns i on to Vi sua lly Contro 11 6<1 aa 1 ainca 

Ttle ki t \'Iou'ld obvi ous ly conta i n s illlpl@ light s@nsitlv@ 

devices and cou1d balance by uS i ng 'tlhese as a SOUl'ce ,of 1 rrforrnat1 orr . 

An excellent experiment forcll tl clren who are aware of t.hese 1ssues 

i s to study whether peopl e bal ance by '11 s10,n. 

Cl ue : People ca.n balance wi th 

t he i r eyes d O$e<l. even eln the 

bal l of OM foot. But ,often 

fall over when placed 1' 1'1 t tl1s 

s i tu.at ion wh 11 e look i rig t hrolJg:h 

r1 ght- left 1 rrvert1 rig spectacl es. 

Simple V1s lon, Trop1 sms, Etc. , Etc . 

The t op1 c is oilv taus ly open -ended • • 



MakE! a Rad i o-Controlled ~'otorcycl~ 

We 1 ea\'e t he reade r to work tn; s one al l on h; S Q\;n . Tn@ 

ol'lly c l ue we gl'Ve hinl is tI1'ft the c(introl theory of balanci ng bicycles 

is mllch easier than popular be U efs (eyen those Clf physici sts and 

psycnologfsts) would lead one to suppose. 


