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ABSTRACT

In this proposal we describe a technologiCal step towarcls the
reali'zation of lNFORMATlON PROSTHETICS. Our ’prilmary focus

- |s onu smg rather than akmg the technology

' Speclflcally, our goal is to’ transpose for the use of cerebral- :
palsued chuldren a computer—based learnmg envuronment we

have developed and to study in thls envnronment a serles of 7

o ',lssues in developmental psychology, in the psychology of

learnmg. in psycho-dnagnostlc techmques and in methods of ’

: mstructnon. ,

The work mvolved entalls a close collaboratlon between '

__several groups at MIT the Dwnsnon for Study and Research

_in Educatlon, the - Mechamcal Engmeermg Department the
: _Artuhcnal lntelllgence Laboratory, and the Center for Advanced |

~ Rehabilitation Engmeerlng, Draper Laboratory. .

C
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1. STATEMENT OF NEEDS

- INFORMATION PROSTHETICS FOR THE HANDICAPPED
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‘This proposal_ addresses the problem of how to increase the 'possibilityA for action _-

of in_deuals grossly disabled by cerebral palsy ie. so impaired that thére is an

almost'tbtal lack of overt activity. To put the work we propose here in

: . Apévr'sﬁéc’tive it ls useful tdm‘ake, a distinction befween three periods of

| .d_e.Vélépment of éommunicati'on’ aids for the cerebral palsied:

Period 1: Mechanical Aids, typically headstick and word board. Here
- communication is slow and limited to a person actually present. :

Péridd 2: ‘Electronic Communicators, typically operating a: text-

B ~producing device by mechanical or electro-mechanical switches. Text
-can be produced to be read by someone not present at the time.

"Period 3.: Information Prosthesis, When theAcofnmunicat.ion is with a

computer, the system goes beyond the concept of “"communicator®.
The computer can become an extension of the operator who can now

do “anything a computer can do" such as draw, compose music, gain-

access to information libraries, put text on permanent file and so on.
In particular the computer enables someone who has never
manipulated concrete objects to manipulate abstract (or "AS-IF")
objects drawn electronically on a T.V. screen in a simulated but

‘physically and geometrically veridicial world.

: Our"laborat-ory has been e_:xpioring several éspects of the last mentioned. category

o -i.e.finf:orm'a‘tion prosthesis. ‘In this proposal wé describe a technological step in thirs '
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| dlrectlon, however our focus is on USING rather on MAKING technology We are
o -concerned prlmanly wuth the lmphcatlons of mformatmn prosthetlcs for | earnmg |n'

this |n|t|al phase of our work we shall focus on two aspects of Iearnmg, chosen

L g

because of thetr central practucal and theoretrcat |mportance These are:

(1) Spatial thmkmg in subjects with almost no capaclty for the overt

:‘"Tmampulatlon of obJeCtS in physical space.

-~ (2) Linguistic structures in lndlwduals who have deve|oped'
comprehension competence with almost no experlence in productron of ;
- ‘structured speech. - L - :

Both of these areas touch on |ssues of central |mportance to contemporary
\ H

o jvf»cogmtlve theory Indeed the very ex:stence of spatlal thmkmg in such sub)ects

-,;(,.';jfi'“chatlenges wrdety accepted theorles whlch ascrlbe a determlnlng role in the'
:r .developmental process to the exercise of sensori- motor schemata Our own
o mterest in thls connectlon goes in two dlrectnons we beheve that an
'.understandmg of these handlcapped subjects will |I|ummate deep controversles in

theoretlcal psychology and we beheve that understandmg these controversnal

E . assues wull mform the deslgn of effective educatlonal procedures for the ;

R | handlcapped
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2 A LEARNING ENVIRONMENT FOR CEREBRAL PALSY

ZIAc_tumez

What we requnre isa learnmg envrronment whlch provudes an opportunlty

A for mterestlng actnvuty to motwate our sub)ects
B for revealing activity to find out what they a lready know
C for challengmg activity to flnd out what they can achueve

‘ An |mportant sense m whlch our proposal breaks new ground we feel rests on B

V' ‘;‘”exploutlng partlcular propertles of a computer-based learning laboratory WhtCh wc. -
:;_:;;“'have developed A crucual feature of the llves of severely handlcapped person is

that they cannot mdulge in ordmary motor actrvuty, to form the basls of thenr

~ learnlng, |e of the acqursltron of cogmtlve structures This means that there is no

exphc:t confrontatlon between actions performed and the consequences of such »

‘actlon in the physlcal world We suggest that such a confrontatlon can occur in the |

‘ lnteractlve-graphlcs learnmg sltuatlon of our LOGO laboratory (see Appendcx A),

: : because it provndes the opportumty for mampulatmg an @p_c_t_ on the screen. In

o '. our AS IF world a person wnth only the most rudrmentary motor abrllty can try hls
e hand at puzzles as well as art and can acqurre some of the strategrc skills of ball |

Agames This is the settmg, then, in whlch we suggest that the requlrements for

"cnterestlng, revealmg and challengmg activity can be met
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A Interestlng Actnvnty

itln addltlon to sharmg W|th other researchers ln the fleld a concern to bunld on the

' strengths of handlcapped person rather than concentratmg on theur dlsabulctues

A (Whlte, HEW 1976), we focus on the quality of the learnmg envnronment to be

e used We need to glve handlcapped mdsvnduals the facility to have mterestmg ,

o 'excctmg and creatwe things to communicate about We have for the past 10 years

been developmg a computer-based Iearnlng envnronment --LOGO Iaboratory--

' whose main features are;

---a concentratlon of unltuatwe and control m the hands of the user,

' ;V,-,,'":_---a flexnble and open-ended, yet structured enwronment based on the mteractwe '

. graph:cs system, for domg computer programmmg, mathematics, ammatnon, mus ic,

“ 'physucs, and for producmg and edltmg text (Papert 1973)

‘tPalot studtes wnth cerebral palsy adolescents (Goldenberg, 1977) have shown that

| ‘lndlv'duals prevuously unmterested in usmg a prosthesls which had been contructed |

spemally for them e.g. a headstlck for typing, responded WIth unexpected and

|mpress|ve zeal and, excutement when glven a chance to use that same headstlck to .

' mteract wuth the LOGO system (see Appendlx B)

C We /:ope to slzow that exutmg prostizeses can be used to greater effect in @ LOGO Learmngi '

E nvz ronment.
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B. Revealing Activity

. ‘defectwe could be seen to engage in mtelllgent cogmtwe tasks when given access
;-_to the LOGO system The cntlcal educatlon problem for physlcally handlcapped

' persons is the restnctlon m thelr expresslve power, $0 that such mental actwuty,

as does go on is trapped wuthm the mdlv:dual’s own head lndeed in the HEW

'project quoted above, it was found by "extensive and lnnovatlve testmg that

R 12% of the handlcapped chlldren who were studled were gcfted roughly three

* tlmes as many as in the general school populatlon" (Whlte, HEW 1976)

i vWe envnsage our settmg as especlally well placed to reveal prevuously covert

thmkmg on the part of our sub)ects, given the success we and others workmg in

o ka LOGO envuronment have had wuth normal flfth graders, (Papert 1973 Howe and' | ,} ) |

- O’Shea, 1976) W|th chlldren W|th Iearnlng dlfflcultles (Howe and O’Shea, 1976

‘pOSSIblllty arlses of carrymg out a whole battery of AS IF manlpulatlon test tasks
- wuth such mdlvuduals, e.g could we get them to do an AS-IF senatlon" '

- We suggest tize use of our system asa dzag‘nostzc tool to be used in the ascertainment qf mental_v

} abilities in tbe populatzon of physzcally lzandlcapped person:

| O’Brlen, 1977) and w:th an autlstlc Chlld (Welr and Emanuel 1976) lndeed the :

The "same pllot study showed that- chlldren prevnously Judged to be mentally
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-~ C. Challengmg Actlwty

N V'To offer a dlsabled person the pOSSlblllty of communlcatlng wnth a computer

i lmmed|ately extends the range of task complexnty whlch becomes possible. We

mclude in Appendlx A an extended account of the kinds of problem-solvmg

actwntles avallable in the LOGO Laboratory

- We Izope our system will lead its users to mcreasmg levels of intellectual achievement.

T ‘22 'l'echnlcal lssues '

_ Detectlng and harnessmg of slgnals from a severely disabled person has recelyed a
' great deal of attentlon (see Proceedlngs of Conference on Systems and Devuces -'
.for the Disabled, 1976 Proceedmgs of Fourth Annual Conference on Systems and
' :Devtces for the Dusabled 1977) Any of the methods used in these reports to
u_mednate verbal commumcatlon can be transposed to achleve commumcatuon wnth a
computer For example, in our pllot study, we used the devuce already familiar to
8 _the sub;ect in some cases a headstlck in some cases a switch used to start and
stop a cursor in the style of the TIC (Foulds, 1976) In the present study we shall ’
g begln our exploratton in the same style, thus allowmg our subjects to make theh

ohsnmplest posslble transution to usmg the computer and allowung us a more modular' :

work plan For the Iater phase of our work we shall mtroduce more sophlstlcated

“methods of d_etectmg ,sugnals.r These are dlscussed in section 3.2.4.
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2 3 .Theoretical Issues

The |mphcatlons of thls work for our understandmg of cognltwe development are
profound The questlon arlses as to the role of partncular sense modalmes in
shaplng conceptual structures eg how wall the notlon of a cube" in the head of an

mdlvndual who has never touched a brlck -- who has never played wuth bunldmg |

blocks -- drffer from the way cubes are represented by persons wuth full motorn

' power The LOGO laboratory is a place where concepts of phyS|cal space and i

shape are extenslvely explored and the chlld’s programmmg actwsty in relation to

these ldeas prowdes a wmdow mto hfs thmkmg about these ldeas To lllustrate : .

the pomt conslder the sub;ect Jay (descrlbed in Appendlx B), whose degree of.

cerebral palsy fs so severe as to exclude not only all effectlve, controlled o

. mampulatlon of objects, but even all rg&larlty in the response of hls own body to |

sensory stfmull or to vohtfonal schemata. Now, lf one keeps Jay in mmd m re-m o

: readmg Puaget’s account of the developmental role of sensorl motor actlvnty ”
(Plaget 1952) one cannot help bemg struck by a rather ‘powerful duscordance We.
are not suggestmg that Plaget’s theories would be refuted by the dlscovery that

Jay s mtelllgence, mcludmg hls representatfon of space, followed the same pattern,

- as we see in normal sub;ects Such a suggestlon could only come from a rather

srmple mmded (though unfortunately wndespread) mterpretatlon of Plaget But we

do strongly suggest that the development of Jays conslderable lntelllgence, and -

especually hlS spatual mtell ige nce. does force a re-thmkmg and re- defmltaon of
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Piaget is, of course, not the only theorlst whose ideas might have to
~ be refined in the light of data about subjects like Jay. A very striking
-example is the work of our M.L.T. colleague R. Held on the role of
motor activity in the development of visual perception in kittens (Held
and Hein). It will be recalled that i in Held’s experiment two groups of

~ "actively” by walking through it the other * 'passively” by being carried

o through it in a basket. The analogy with Jay’s experience of being

- "earried" through his world in a wheel-chair is obvious. Yet Jay

~ seems to have developed where the kittens did not. 1t is easy to

- invent explanations of the difference between Jay and the passive

. kittens. So Held’s conclusion is certainly not refuted by Jay’s

~ existence any more than is Piaget’s. But the parallel already makes

~us think more carefully about how to interpret and generalize Held’s
S"results More data would undoubtedly go further in this direction.

OUSE A o

A ;Our pllot studles provuded us wnth very llmlted and lmpresslomstlc data However

3 ‘we were able to make one’ rather precuse observatlon by taklng Jay through a

v‘learmng experlence, namely the elements of Turtle Geometry, which several

o hundred normal subjects of. varaous ages have had in our experlmental classes

Jay s rate of learnln_Lshowed no lmpalrment whlch could be attrlbuted to )

o weakness of spatxal representatlon On the contrary, in some respects he was

' ] unusually quuck' Our mterpretatlon of this is that his hmlted capacrty to operate o

A on the actual physacal object had forced him to develop greater than normal facnllty

in- workmg in hls head" lt is much harder, on the basls of such limited data, to

evaluate hus Qatter of learning (eg whuch aspects he found more dlffucult than :

| others, what klnds of errors dnd he fall mto most easlly)

klttens Were exposed to the same visual environment, one group
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The proposed research then offers an opportunlty of observmg lndnvuduals who N
Mhave been deprlved of expernences usually regarded as centrally lmportant in the
development of certam concepts and of observmg such mdlvnduals behave in an

enwronment which is specually and explicitly desagned to promote an exploratton of

such concepts

T/w researclz is expected to yzeld m.uglzt: into mechanisms q/‘ the acquzsitwn and representauon

, of knowledge '

A 2.4 Social— Issues» -

lf our arguments are sound and |f our prehmmary fmdmgs generallse, then what we _

_‘ are talkmg about is a very fundamentat change in the lives of such lndlvnduals For.

o as ‘well ‘as operatmg mdependentty, a grossly dcsabled person equrpped in: the way

we descnbe in sectton 324 can be put in contact wuth other persons and,,.:_'f ~

':mstltutlons s:mllarly connected to a computer Bemg a member of thts computer~
’ socuety will open posslblhtaes for such an nndlwdual in educatlon, entertamment k
frendship, hobbues and even |n employment
o W e foresee a future in wluch a dz:abled per:on prevzously in contact wzllz almost noone con

become a partzczpant in many worlds
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3. WHAT WE PROPOSE TO DO -
3.»1",Ove_rview |
o 3.1.1 Steps in; the Study Seen from a Psychotogical Perspective
(a) We propose to work wuth a smaII populatlon (8 chlldren) of severely cerebral
' palsued chlldren of ages 6 14 years otd
(b) The furst stage wnth all subjects wnll be to estabhsh communlcatlon wnth a

e computer equupped wnth graphlc capabnlltles Pilot studies suggest that wuthln two.
.' weeks most subjects have acquured some degree of abmty to draw and to_

' manupulate AS-IF objects on the computer screen. |
T (c) Concurrent with (b) the subjects wull go through a senes of actuvutnes deslgned
to gwe |nsughts into their capabqllty in spatuat reasonmg These wull mclude graded.'
Plagetlan tasks as descrrbed in sectlon 3.2. 1
(d) Over a longer perlod some of the subjects wnll undergo a mathematlcal Iearnlng o -
expenence parallel to a LOGO-based experlment now bemg studled m Brookhne
Public Schools. | |
(e) ‘While” (d) us in progress, we wull gradually mtroduce work w:th Ianguage to a

| subset of that group This will involve Iearnmg to wrlte and edlt text on the

computer We wnll document these expenences and compare them wnth the'
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Brookline group, focusing on evidence for linguistic structures.

3 1 2 Steps in the Study Seen from a Technologlcal Perspectwe

‘(a) The flrst stage mvolves mterfacung standard commumcators with a computer

) Thrs ‘means selectmg mdwaduals in the school/mstltutuon who are already equtpped

with a headstlck say, and mtroducmg them to the computer, as we did in the prlot .

study We will take our sample of 8 lndwlduals, in two groups of 4 each, through -

, the LOGO expervence wuth concurrent testlng on Pfagetlan tasks Documentatlon
for thls phase W|ll be based on the system of record keepmg beung currently ) ‘

o :}:developed in the Brooklme Publlc School expenment to fac|l|tate comparzson

o ’(l) between the handlcapped and the normal group and

- .(u) between the handlcapped group usmg dlfferent communlcatlon dewces

S '(b) ln collaboratlon wuth our colleagues in the Artufncual Intelllgent Laboratory,»

. “Mechanlcal Engmeerlng Department and Draper Laboratory, who have a long record |
of relevant expenence m this area, we wull mterface an eye-trackmg system wuth )
e ‘the LOGO system Hardware tasks mvolve connectlng the machines whlch support .

" each system On the software snde, we W|ll develop a system of codlng the sugnals . :

Whlch provudes the pOSSIblllty of faster, more comfortable and more relaxed,

. 'communucatron, suutable to support the sophlstlcated type of use we are propos mg :
" (see sectlon 324) Our mtentlon is to phase our students gradually out of the

::,mlt:al mechamcal prostheses |nto thls eye-trackmg system We are fortunate in
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--...that one of the subject at Westﬁeld school is due to be mtroduced to the eye-
Vtrackmg equupment we propose to use in the next few months

We expect that this stage will take place during the second year of the s_tud’y.'

3.2 Detailed Exposition of 'Steps in the Study - e SRS S

: 3 21 AS IF Verslon of Pnag_etlan Tasks -

‘Plagetlan tests can be tranformed mto multrple cholse tests as opposed to a more

o ‘_"'-};actwe partlmpatlon of the subject. of necesslty, only the former have been usedv

S ,m the past wuth subJects as severely alfllcted as ours wull be, mattal work has led o

us to beheve that the more lnvolved actwe sltuatlon we are creatlng wnll produce o

very sxgmfucantly dlfferent dlagnoses of mental capacuty We hope to be in a |

"*li‘.ﬂposltlon to develop and carry out Plagetlan tests in order to construct Piagetian

" proflles The followmg tests lend themselves to our purposes
- (a) spatlo Ioglcal tests at the concrete-operatlonal level eg
B classlflcatlons | |
| senatlons' |
pro;ectlve geometry
| (b) the Smclalr de Zwart llngUIstlc tests at the concrete-operatlonal level e. g
| relatlon of lmguustlc forms to conservatron |

. confllctual words order experlments
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(c) formal operational level e.g.:
~ permutations

- hypothesis formation

L Piagetian F’rOfile ‘

Usmg AS IF versuons of Plagetlan experlments, we shall map out a profrle for each- :
S »sub)ect at the beglnmng of our study Although the sample is small we expect to
o be able to dlstmgunsh between certaln extreme hypotheses

. __ g@estuons about the exustence of standard patterns

together lnto patterns e.g conservatlon and senahon at the concrete-operatuonat

4—_level erl these clusters be malntalned in our subjects, or wult we fmd a wuder'

.than usual range of drscrepancres" |n other words, wrll we recogmse normal

. stagesv ,

",{;_The Pragetlan theory of stages is based on the fact that certam ablhtles cluster .
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, Questions about timiﬂ

(a) Even if the normal stages are recogmsable, there is a further questlon about
: whether they are drastlcally retarded or not.

(b) One possuble outcome is that chlldren who are found to be retarded in some or |

- | "_‘ o all respects at the begmnmg of the study are found to make conslderably more .

rapld Qrogres than |s seen in normal children.

Other work in thls area

Detalled reports of thts kmd of mformatlon about the cognltwe development of

cerebral pal51ed chlldren are scanty, as Goldenberg ( 1977) found |n a computer

' search through both the ERIC and EXCEPTIONAL CHILD databases The Melcer and

Peck (1967) study he quotes mvolved a modlfled Peabody Pncture Vocabulary

Test so that each |tem contalned both an object representatlon of the vocabulary -

: ltem and an actlon representatlon e. 8- a ball vs someone playlng w«th a ball. These .

authors conclude that cerebral palsled chlldren

"do not develop concepts of action in the same ratlo to obJect'
~concepts as children who are not motorically handlcapped” (Melcer
B and Peck 1967)

They and we are concerned about the weakness of thelr test lnstruments We

' feel there is clearly an urgent need for the study we are proposmg
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'3.2.2 Comparative Learning Study |
A -'B‘éiié&eé"'ihsi'"tﬁé“bést' source of in-depth data about the learning ability of an
~individual or group can be obtamed by documentmg a substantnal Iearnmg
: ":experlence of a few individuals i.e. the case study approach We are already

: " undertakmg a study at thls sort on the effect of exposmg 16 slxth grade chlldren |

’ -”'f,.'t° about 40 hours‘of work in a LOGO/TurtIe enwronment The progress of these. _
- -';Tchuldren, mctudmg the dlffnculttes they encounter and how they deal wuth them is _
n B bemg recorded in great detall These records lnclude a detauled trace made by.
| “the computer of the total mteractlon of the Chlld and the machlne, observer notes..' .

‘ffi?j_"kept by experuenced evaluators, notes kept on a detaxled basis b)' the teacher },

S .' who works wnth a smalt enough group (4 at a tlme) to pay attentlon to what each
‘:_v_"ls domg, lncludlng a checkhst of the acquasut«on of partlcutar |tems, lnterwews and
- a battery of pre tests and post tests The sample of chuldren covers the entlre‘ e
f’::‘lrange of a normal" “urban school populatlon Several of the sub;ects are classified
by the school as havmg learnlng dlsabllltles, one as dyslexnc The sample contams'
. one exceptionally glfted chlld and a cluster of chlldren who appear as "average"

4 accordlng to school records

We propose to guve 8 cerebrat palsned chnldren an expenence as close as is
feasable to the one we are usmg m thls LOGO evaluatlon study to provnde the

| - . . basis for a comparatwe study
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, 3 2. 3 Language Learnlng

The goais of the lmgunstlc aspect of the study parallel those of the spatlo-
mathematlco-loglcal aspects
) __“_(a) to understand as far_as possible the lmguustlc competence of
subjects who have acquired proficiency in understanding but have had '
vurtually no experlence in Qroductlo of language

K (b) to understand the process of learning in such subjects when they .
' are glven the opportunlty to use a "language prosthesls" '

(c) to brmg a selected subset of subjects to as hlgh a level as
possuble of Erofucuency in the expressive use of Enghsh

e ‘ Faclllt:es for text d:splay, edltmg and fllmg are already avallable Progress m thls :

= fbjkarea wull depend on a mastery of the system descnbed in sectlon 3. 24 allowmg'
“for an lnput of a full range of alphanumerlc characters, and should follow smoothly
}.~on from the LOGO/Turtle work which wull have used the same character set and

| the same text-edltor and fllmg conventlons

| A We are not in a posvtlon to predlct what form our "language educatlon wntl take
- E smce thls area WI|| be an entlrely new exploratlon Our methodology wull be to -

keep a computer record of all transactlons and to evolve a curnculum on the

basus of what transpares
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. 3.2.4 The lnterface

We recall that the means of commumcatlon between the sub;ects and the

. computer is to be developed in two phases
N .ln phase one we use the tradltlonal electro-mechamcal communlcatlon aids to which

- the chlldren are already accustomed In phase two we shlft gradually from thls to

| the use of an eye-—movement trackmg devuce

' The flrst phase needs little further dlscusslon under thls headmg We know that

- standard devnces can m general be easlly connected to our computer

ln the second phase, , -

i 7‘;5”1"":""(a) Early contact of the student w1th the eye-tracklng devices will 7b.e rundemandi'ng :

- el m prec:sfon and m speed of movements Our collaborators at the Draper o

»Laboratory have accumulated some experlence w:th an’ analogous system whlch_ )

.allows eyes movements to pamt plctures on a telewslon screen (Warren, 1977)

= . The sugnlflcant aspect is that there is no flxed goal except the sub;ect s own‘ ! N

sense of aesthetlcs, many dlfferent movements can produce pleasmg effects so .

- that the sub;ects flnd the sltuatlon rewardmg even when thelr sklll is still very .

low ln tlme Skl“ m controllmg one’s own eye-movements bwlds up

o (b) When we move the subject mto the use of dlscrete codes we w:ll use a .

software system deslgned to allow for very flexlble chouce of code Thus we can
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’ : begm w;th easy but slow codes and shlft later to more efhment and faster but

more demandmg ones. in case of exceptronal problems we shaH be able to

custom-flt the code to the mdlwdual lndeed for some mduvuduals ‘we may resort

to trackmg a movement other than the eye such as a bright hght source on the end

- of the headstlck The hardware and software of the tracl@gsystem is desugned to -

= :be highly flexible.

‘(c) Preluiminary turtie work

We wull start wath a small number of eye gestures one for each of the followmg ;

o ';commands FORWARD RIGHT-TURN PENUP PENDOWN ERASE DEFINE SELECT—_'

SUBPROCEDURE HELP o

,?These coutd be coded into elght durectlons of eye-movements. .

fig. 1

The trackmg system has to recogmze only whuch of the eaght dlrectlons of

movement was mtended

' The absence of general alphanumenc symbofs is compensated for by: default
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| inputs- for FORWARD (say 10) and RIGHT (say 15, because tt dees 30 and 45)
' """_"and an automattc assugnment of eight durectlon symbols for user defmed sub-t
procedures - | |
_, Only after thls system is mastered will we move to a full alphanumerlc code Our

- present preference is for a two-movement code usmg the same elght dlrectlonal

: vmovements lt is convement to thtnk ot a 3x3 array, each slot of whlch contams a

3x3 array of characters.

ABIC T K QRS

D| |E Ll M [T]]U
‘l.E-_c_; H] _N 0P| : vV WiX]

3 L AriE -] =] )

L T

L LT

17213)  [a[5]s.
) 6 ; I't'« o _l-*"_ _-_1

<> ls U B

fig. 2

" The entlre array is present on the screen, llghtly super-lmposed on the drawmg or

text The movement " \ ) i.e. looklng at the upper left hand cell causes thls

: sub array to be selected and to ‘be blown-up to fill the enttre screen. Maklng the -

._ _same movement agatn w:ll select the letter A (see flg 2).
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As the user becomes profipient, it will become unnecessary to display the arrays.
VSivnce he has command over the cofnputer he can ask for them to be displayed or |

“not as he chooses.
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 APPENDIX A

LOGO LearuLaboratory Basis for Cumculum

To 'provid'e a context for "Iearning by doing”, we link up vanous devices to a _

o computer SO that a Chlld can, via computer, command” an output device to carryv

: out an actlon One dewce we have used is a mechanlcal “turtle" capable of movmg;

Nf“iforward or back in a partccular dlrectuon (relatlve to |tself) and of rotatmg about
,.,.lts central axis. It has retractlble pen on lts undersade wh:ch can be in two states“i e

vcalled PENUP and PENDOWN

. '.The mechanlcal turtle can be replaced by a A on a dlsplay screen, and thls is

o . made to* act by typmg commands At any ttme the turtle is set at partucular |

.place and facmg a parttcutar darectlon

fig. 1




~ FORWARD 100

'A1'-2

- If the pen ia'down, then as thevtu_rtle moves around, it leaves a trace, and so
arbitrarity‘ complex patterns can be drawn.

- e.g”. the following commands will cause the turtle to draw fig. 2

PENDOWN
‘ FORWARD 1oo
| LEFT__ 120

- fig 2

' rThere are rnany paths to take from this pomt devpendlng on the mdwsdual
;characterlstlcs of the Iearner (and of the teacher) For examp!e, the set of: -
| bmstructlons requured to draw a trlangle can be wrapped up mto a bundle as a |
A_ F’ROCEDURE and given a NAME leferent sizes and onentatlon of trrangle can be.
._ '_,‘drawn by mtroducmg a varlable parameter for the procedure Thls |mmed|ate!y,

leads to the dlscoverz that other polygonal shapes can be drawn by selectmg |

: approprlate values for the mput varlables




~ TO TRI:ANGLE :SIDE

10 FORWARD :SIDE

20 LEFT :ANGLE

30 FORWARD SIDE |

A0 LEFT :ANGLE

50 FORWARD :SIDE-

 END
~"POLY 90 100
POLY95

 END
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TO POLY :ANGLE SIDE
10 FORWARD :SIDE
20 LEFT ANGLE

30 POLY ANGLE SIDE

—

POLY 6050 -

POLY 144 100

>

POLY 156 100

Notice that in addiﬁo‘n’ to learning computer prpgramming, the student is learning
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__ mathematical ideas - he is exploring the notion of ANGLE, POLYGONS, RECURSION

and so on.

© PROBLEM SOLVING

_.,,,,‘.Repeated calls o’f_‘the same triangle procedure wefe named by children eUrrently

- .’ doing LOGO in a school in the Brookline public school system as:

-

~ and -

o G@butterfy (o) flower

Thls leads to an IMPORTANT lDEA use what you have Iearned
Complex patterns can be seen as conslstmg of farmhar parts e. g

a house can’ be broken mto

triangle o square . - house

ool ]
'
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This mtroduces a basic PROBLEM SOLVING heurlstlc re break up a complexv
~problem into its subparts The HOUSE procedure can be buult up out of a
N TRIANGLE sub- procedure and a SQUARE sub-procedures Puttmg together these

procedures produces an unexpected result

' Thns is because when the tnangle was completed the turtle was left facmg in the' T
B 7 d:rechon of the arrow. So this mtroduces the idea of a BUG, whlch can be eas:ly;v

flxed or DEBUGGED because it is so easy to follow what is happenmg -- th_e o

i 'retatlon between the ACTION and its cowsegusncs is very EXPLICIT o

"A gllmpse of the w;de range of actwnty possable using thls LOGO Ianguage is gwen

_ _me the document "Twenty Thmgs To Do Wlth A Computer whlch is appended
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APPENDIX B

; Crotc_hed Mountain Experience

Our lmtlal experlence in thus fneld has mvolved brmgmg 4 cerebral palsied chlldren

from Crotched Mountam Center to MIT for three sectlons and Iater takmg our .

N : equupment to theur restdentual treatment center for a week.

"We worked wuth 9 cerebral palsled children, 7 deaf chlldren and 6 chlldren‘ -
o duagnosed as autlstlc The fotlowmg example is mtended to gwe a flavour of what

was achleved

cAsE
.kJay |s an 18 years old wuth no eftectwe use of hands or tegs or speech He is -
.vexpenenced in the use of a headstlck wrth whlch he can type, touch slowly and |

| maccurately, on an electnc typewrlter Unfortunately he showed very httle.” |
.mclmatlon to use thts facnhty untll he met a computer console Afteri“ '

. 4.approxumatelly 3 hours on our systemn Jay s enthusiasm had become S0 great that

' he spent a full week back at the Center typmg a long and elaborate Ietter home to
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o hls parents explalnlng what he had done wuth the computer Then i in the week we

'pvctures The interest of these events is greatly mcreased by the fact that Jay s

= mtelectual potentlal had prevnously been assumed to be extremely slow Jays

‘experlnce wuth the computer demonstrated for the flrst tlme a hlgh Ievel of

_Tanalytuc and of spaclal ablllty

- f’”spent at the Center, he learned to draw some very elaborate and handsome -

On the next pages we have samples of the computer programs whlch Jay wrote by:. o

hlmself durmg the flrst two days of hls work wuth us at own laboratory Note that: ]

the flrst procedure, whlch he named MOM requured a nght turn in order to draw,

'and elght GOlNG’s in DAD’s, Jay was able to multlply the effect, producmg a more

‘::rji‘the c:rcle, and that he ad;usted that turn sllghtly, addmg flve deEf ces to 't “’h'Ch o

"caused the next procedure, GOING not to close By using - four MOM’s in GOING o

mtrlcate deslgn Jay began drawmg a car, but did not have tlme to flmsh lt or to_' |

a make the changes needed to turn lt rlght slde up.
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10 FORWARD 69

20 RIGHT 5

30 RIGHT 90
49 ARCL 360 29
*.END - o

~TD GOING
. lemom
S 20MOM
f, j \.’ R 3@ MDM _- . ‘ -
. 4o MOM T
~ END

3 GOING

" T0 DADS
1 GOING
2 GOING

4 GOING
5 GOING
B GOING
- 72 GOING
- B GOING
- END




10
1 DADS
- 2 DADS

3 DADS

218

JAY

SQR 100

ARCL 360 15

LEFT 90
FORWARD 58
'RIGHT 9o

ARCL 360 15
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