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v Abstréct

~The work of the Cerebral Palsy project (members: Seymour Papert Syvia Weir,
Jose Valente and Gary Drescher) over the past eighteen months is summarised, -
and the next phase of activity is outlined. The issues to be addressed by the
proposed research are as follows: : :

1. An mvestlgatmn of computer-based techmques to maximise the acqu:smon of

© _spatial ‘and linguistic skills in severely Cerebral Palsied children, to serve the

-educational and therapeutic needs of this populatuon

2 Developmg a set of computer based dxagnostlc tools for use wuth physically
handicapped persons which could contribute to the provnslon of a functlonal :
- specification of subcategories of Cerebral Palsy.

‘ 3. |nvestagat|ng the ways in whlch flndmgs on Cerebral Palsy subjects can  inform

our theories of cognitive development and the adult funchomng of normal
induvnduals .

'The work proposedln this paper is bemg suppoﬂed by the Bureau ofEducahon ofthe
: Handlcapped (BEH) under grant number CFDA 13- 443, The views and conclusions contained in
~ this paper are those of the authors and should not be interpreted as necessarily representing

the official policies, either expressed or implied, of the BEH‘or the United States Government. .

(© Massachusetts Institote of
Technology,1979
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L. }lNTRODUCTORY REM.ARKS AND MOTlVATlON FOR PROPOSED RESEARCH |
ln drawung attentlon to the role which computers mlght play in the management of
the physlcally handlcapped we have focussed (Papert and Welr, 1978) on several‘
' aspects of the situation:

the evaluatlon and the cultlvatlon of spatlal cognition in thls group;

the study of linguistic structures in a language-depnved subgroup,

and the lmprovement of career access in such a populatlon._

To 'the extent that sensori;motor activlty ccntributes tc the full development of

the cognutlve structures underlylng spatlal understandmg, lt was argued that, '

" mdwuduals with very severe motorlc restrlctlons suffer from the lack of
opportunity for such learning, since their .lwes contain llttle

expllclt confrontatlon between the actlons they perform and the -

- consequences of such actlons in the physical world" (Papert and
- Weir, 1978) :

o We suggested Vthat 'such a confrontation can he made‘ possible in the interactiVe'
graphlcs learnmg envnronment of our LOGO system, because it provudes the,
o oppertumty for mampulatmg obJects on the screen. We called thls mampulatuon
AS-IF acticns, and‘p.ro'posed the introd_uctlon of LOGO activities such as those we
had prdVided 'fpr'non,-handicapped children ‘in.to the _c‘lassroom' work of the se'ltrerely"

"handlcapped. In doing this, we are addressing three questions:



Question 1: Are the LOGO activities which have been deveioped for non-
handicapped individuals suitable for use with Cerebral Palsy children, as
judged by those in charge of supplying their educational needs? What
modifications will be required to the existing system to cater for special
needs

'Question 2: Does this LOGO experience yield quantifiable information about the

state of a subject’s spatial understanding?

" Question 3: If pursued over a period of time, could this LOGO activity be a source

of manipulation experience in 2D space, the effects of whsch could be
‘looked. for on other computer -based tasks?

Notice how placmg motorlvcally deprived |nd|vnduals in an interaotive,graphics |

situation generates a significantly novel way of assessing such persons, in that the

very element viz. motor handicap whose restrrctlons Ieads one to suspect the
presence of a deflcat in spatial cognltlon, renders the ascertamment of that defmtv
very difficult. Performance tests are notorlously difficult to admtnlster to thlS'.
group. ‘And‘yet there is a theoretioat _ss well as a practical.educational interest in
,exvplori'ng‘the textore _of_the cognitive " abilities, the'p'atterns of dis‘ropti‘on.,v |
_displayeo by .‘persons with 'such‘ unusuel :experienc‘es.; s 'there_' ;—; de_ley'or. a.
devia‘tion in, or an 'absence of, det/elopment of 'speoifio oapebiiities’- Are tnere
dtssomatrons whlch mlght y:eld mslghts into theones of braln function? |
| For example, do individuals in this populatlon exhibit systematlc patterns
of spared and impaired competencies for different areas of mental activity,

- e.g. linguistic, spatial, deductive, which could provide evidence for the
specificity/generality issue; i.e. to what extent is a particular type of

computational process specific to a given faculty, and to what extent do

common mechanisms support different areas of cognitive functioning.



Our world of AS-IF »actions; it was postulated, gl\)es us the possibility oflcarrying
-out seleoled, standardised AS-’IFivmanipulative tasks on indlvlduals with severe
~motor handlcap,' which we hoped‘might add to. our understanding of these} lssue:s.'
So we fadd | |

7. .Quest‘ion 4: Can the computer be a useful tool for the assessment ol cerebral

palsy individuals, as judged by a comparison of performance on selected
~screen tasks by our population vs. a non-handicapped reference group? _

R Language deficits in Cerebral Palsy straddle a wide range, lrom the lack of any
‘spveech ‘w_hatsoever, to severe tnrough. mild d)./:sarthria, to the presence of“
5ubstantial expresslVe oral Ianguage but no-vlrritlng experience »[‘-Zx.actly ‘parallel‘
B arguments were made about the theoretlcal and practlcal |mportance of prov:dmg a.

. wrltung tool in the form of facclltles for takmg in, stormg, and editing text for use

- 'With the language restrlcted subgroup of thls population.”

-Questlon 5 Can the computer be a useful tool for psycholmgunstlc assessment of
~language-use in cerebral palsy subjects whose motor impairment has
restricted the availability to such individuals of some of the normal
expresswe paths?

Fi‘nally we drew attentlon. fo tne potentlally impor'tant human'vand soolal

iconsequences of thls enterprlse We made the predlctlon that offermg a dlsabled :

person the possnblllty of commun»catlng wnth a computer, and thus the chance for |

B sustalned mdependent actlvuty and an lmmedlate extensuon of the range of task

' | complexlty avallable to such an |nd|v0dual would open up opportumtles for



_ mcreasmg levels of lntellectual achlevement of increasing opportunmes for career

access, en)oyment and a sense of personal fulflllment

Our ekperience over the past sixteen months (the period during which we have
held a B. EH grant for the exploratron of these matters) has been most

encouraglng It seems that the computer-based actlwtues we have desagned have

"~ considerable potentlal as research and educatconal tools for use with the physlcally

handi'capped. ln thls document we report our fmdlngs, in brief, and consuder how
| we mlght choose which of many questrons generated by our ‘work we mlght most
vprofitabiy pursue In sectuon 2, we present a summary of our fmdmgs with LOGO,_V :
in sectaon 3, we summarase the screen task results, and in sectlon 4 we give an
: ,analysss of thenr |mphcat|ons in relatlon to other work in the area. In particutar, we |
raise the issue of how we mlght set about teasmg out the relatwe roles of bram_
' damage vs lack of mampulatwe experlence in producmg the deficits we are fmdmg g
Sectlon 5 presents our prehmmary findings. on the Imgunstcc aspects of the study.

In the fmal sectlon, we present a proposed plan of research for the 2-year peraod:

1880-1982.



2. LOGO and CEREBRAL PALSY

The vuabmty of thls actnvnty as part of a school curriculum for Cerebral Palsy

Vstudents

We have worked with three: age samples of Cerebral Palsy subjects |

(a) three profoundly handioapped children aged 7-8 years
(b) three severely handicapped children aged 11-13 years
(c) three severely handicapped adolescents aged 17 years

In addltlon, two 18 year olds whose handlcap arose after infancy (one post
- traumatic; one degenerative familial muscular dystrophy) have participated in
~ LOGO activities. The children aged 11 years and over are pupils of the
‘Cotting School for Handicapped Children; the younger ones are at the Kennedy
Memonal Hospatal for Chaldren Day Program. :

The answer to the queshon of the acceptablhty of LOGO in the ‘classroom for the

oldesf g'roug (questlon 1 above) isa resoundmg "YES".

' --the LOGO curncular materials developed for nonhandtcapped children (Papert'
et al, 1979) are suitable for use with this population. Next steps include
further development of the physms materlal (see Appendlx 1). ‘

=-the older the group the more obvious is the connection with other aspects
' of the curnculum We detacl this for Algebra and Tr:gonometry in
Appendsx 2. :

—-the use of the computer as a notebook-cum- scratchpad of ideas has

“replaced the need for "doing it all in the head" and has given a new lease

to the intellectual life of these students. This can be summarised as the

~ experience of sustained problem solving in learning to program, in the

various parts of math which form a large part of LOGO actwmes and in the
generatlng of their own notes. : :

- --aH these older children type, albeit slowly and by dint of a vanety of
ingenious props. The DELETE key is invaluable since they do hit
unintended keys. ' :

--the sheerf fact ofi fh_is whole new world of knowledge and of their own-.'



" independent management of this, has had a profound effect. One subject
has spent 6-9 hours a week at the computer since the onset of the
project; has been brought to the LOGO laboratory weekly during

- vacations when the computer at the school is not available to him; lies in
bed solving LOGO problems in his head, and has changed his career plans

~as a result of this experience. For an account of this subject see
" Valente(1979). :

--the school at which we are workmg shares our enthuslasm We have made

~ a selfconscious effort to involve the teachers and the parents of these

handicapped individuals in an integral way in the program in order to

ensure that the activity will not end with the research grant. The math

class teacher has spent upwards of 10 hours visiting the LOGO laboratory

to work with a project member and the school is arranging for a part-time

- replacement so that this staff member can participate in the ‘work of the

project. The school authorities are also planning the acquisition of
machines, both enterprises to be funded from their own resources.

" The middle group has made sloWer, rather less spectacular'progress, but rewarding

. t_enough to suggest that effort with thls group should ‘be expanded conslderably

Thls group is espeCIally mterestlng both because |t allows us to use the work of
the Brooklune School sample of non-handlcapped ll-year olds (Papert et al 1979)

‘as a reference group, and because of the mterestlng flndmgs on the screen tasks

' for thus group (see sectlon 3).

,’»The youngest group is also the most profoundly handicapped we have tackled and
progress is mdeed very, very slow. Two of these (one mute quadrlplegfc, one
non- cooperatmg dysarthrlc quadrlpleglc, both presentmg problems of assessment‘
N of mtellectual ablllty) had rather mtruswe emotlonal problems and our attentlon

was ‘almost wholly taken up wsth these The thlrd was a charmlng, cooperatlve -



vertaaiiy fluent boy vi/hose very iimited counting skills and marked perceptual
.pr_oblems made the twent& sessions we had with him yield a lot of rather poignant
excitement :on,his part, but rivetingiy slow progress in achiring LOGO primitives.
It would ~seem that except for the isolated case, such profoundly handiCappedV
individuals. should not be worhed with at pre_sent; Rather we should use the same
| ,in;d'epth approach,: exploiting the versatility of the LOGO system, on individuais in

~ the 1 1'-14_’year'oid group.

Lising Logo activities as a'Way of assessing spatial abilities

The 'rang'e of LOGO activities in which our handicapped students have engaged |

v covers a much W|der spectrum than has prevnously been encountered m non-_ '

'V'handicapped popuiations More than ever, each chlld is a iaw unto himseif

Progress is invariabiy slow 'because of physical handicap Special techniques have

been introduced to Iessen this effect eg. a button box (both hardware and”’

software |mpiemented), where each button represents a basuc LOGO command can

significantiy reduce the number of gestures required. (see Appendix 3).

Ranking LOGO actii/ity which extends over:such a wide range .is not difficult. if one

. IS content to make a rather coarse mventory of the stages reached it is not clear

‘ v.how useful it wouid be to aim at too fme a rank ordering based on number of

"o w "o

lessons before x" or "y faciilty is mastered given the fact that there are often



several different ways of doing similar LOGO t'asks, each appealing to different

| work styles amor_ig children. It is clear that some subjects have special difficulty

 with the overtly spatiai aspects of doing LOGO. Although the primitive TURN-

comands often give trouble to beginners, several of our subjects were quite

unable to handie the rught/left distinction and used trial and-error to achieve their

'purposes One young man found the probiem of gettlng the turtie to a particular

~ starting piace within a figure quite beyond him, and it was our impresslon that this

difficulty was vquite outside the range. we had previously experienced and had to

do wuth a rather profound spatial defect the detaiis of which are currentiy bemg -

iooked at

Older handicapped subjects (17 year olds) are, for the most part, not at all

stretched by the LOGO prlmltives, and thus for such a group, masterlng these

»quuckiy is hardly ewdence that no spatlai defimt exists. Gwen this and the factv

that LOGO engages abiiities other than those connected with spatiai concepts, and

that these requurements interact in compiex ways in the achievement of any LOGO |

|  task, it |s our opmions that usmg LOGO to grade spatial ability (Question 2 above)

wouid not be easy Rather, it couid be argued that a more promlsing approach};

, wouid be to ‘use LOGO as'a source of experience in. vrsiospatial problem soivmg
' whose effects can then be measured by other tasks it wouid be necessary to

~remain on the aiert for gross reversais in difficuity orderings



In summary, then:

>Our eXperience with LOGO and Cerebral Palsy leads us to recommend that the

majbr advantages likely to be gained from LOGO WOrk with this group lies ﬁrst and
foremost as a source of experience in vuslospatlal problem-so‘vmg actlwty, but
also as a potentlally valuabie source of msughts into the peculiar difficulties

expenenced by this populatlon in the mampulatwn of v:slaspahal mformatlon We

.suggest that other computer based means should be developed for assessment

v purposes.

We have, of course, been engaged in preliminary explcratsons in the latter area as R

. descrlbed in the next sectton :




3. DEVELOPMENT AND TESTING OF SCREEN TASKS.
A substanttal programr_ning effort has produced an effici'ent general 'purpos‘e system-
for implementing a wide variety of tasks. New tasks can ‘be, added with relative
eas}e.' Features of the system include the provision of an automated record of the |
moves made by the subject complete with a tome marker, and a facmty for usmg'

'} this record to drive a rerun of the task for purposes of analysis. We report on
two of the several screen tasks which have been lmplemented (see Appendax 4

for detatls)

A A 2D version of Plaget’s (1952) SERIATION task in which a ctuster of randomly‘
4 Vorlented stucks are requrred to be carrled using a cursor, and arranged m'
serlal order along a "table top " After performmg thls screen verslon, sub;ects _

were asked to do the standard Plagetlan task with wo_oden sticks. - |

' Rves.ul'ts

Non- handlcapped children ' S
' All children 7 years or over could do the screen task mcludlng the Insertuon
- step. Some 6 year olds and some five year olds could not do the insertion
- step in either the real or the screen task. Some 4 year olds cannot order the
~ sticks in either version. We have as yet insufficient data to decide whether
.competence is exactly parallel in both versions of the task and are in the ,
' process of testmg more of these very young children.

Al Cerebral Palsy sub;ects had dlfflculty with some aspect of one of the tasks.

All 17 year-olds could perform the screen task except that one (Gti) needed
~ considerably more trial and error than we anticipated. In addition to the
‘ expected motor dlfflcultles, this Iatter was true of the wooden stlcks versmn .



for all three in this group. (Gti) had to remove the two sticks belng compar -
toa separate area. _

Four 11-13 year olds were tested viz. the three subjects who d|d LOGO and
one other.
Only one subject (Amr) performed both the screen version of the task and the
wooden sticks version. One subject (Jra) could seriate the sticks in the
screen version but could not do the insertion step in that task, and could NOT
~do the real task with wooden sticks, even when only four sticks were used.
"l know it is not right, but | can’t get it right!"
' VOne subject (Kst) could not seriate on the screen (fig 1a), nor with wooden
~sticks. Even with four of these, she got them out of order, yet thought she
had it right.. '
A fourth child (Msu), who is judged to be a very bright chlid did the screen
task as in fig lb; she was unable to seriate four wooden stlcks -
. Comments ._ -
L Ser:atlon is a task in concrete reasoning (both versnons) ie. mental experaments .
o carried out on physncally present objects" In fact the tasks also |nvo|ve "a
~ display in space" (Glllleron _1977) and for our task the wsrospatlal issues
arusnng mclude comparatlve Judgments of Iength locahzatuon of- objects in ZD,?VA

‘and perceptlon of orrentatlon of ob}ects

2; Ftiaget described a progression of stages in wh:ic‘h the youngest'could not order
: the stncks, at best producmg a set of subserles (see our sub;ects Kst and Msu-
above), older chlldren used a trial- and -error approach to reproduce the

. confrguratlon, but coutd not insert extra strcks mto the series (our subject Jra)'

a step which Praget calls reverslbrllty" because it mvolves undomg" thej '

- conflguratlon in order to add the new strck Thls is Just what the oldest



‘Fig. 1.2 Screen Seriation of Kst.
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children (over 7 years of age) who are "operational” can do because they are
able to consider a single' stick as both longer than the sticks preceding it, yet

shorter than those following it.

3. Closer scrutiny of the performance of the task shows that the order in whlch

' the stlcks were Qlcked up provides a way of rankmg the performance of the
subJects who falled to seriate.

_ One sub;ect (Kst) picked up the -stick‘s' in the correct order except for one

- reversal in the 6- stick version. She put them down in the wrong place and

made no attempt to correct her placement. One subject (Msu) selected her

~sticks in a random order, and made no attempt to ad;ust any of them once she
'had placed them »

Using the Newell and Stmon 'Productlon-systems paradlgm Young (1973) modelled _
;:_the behavrour of hls subjects as a series of rules and dustmgmshed three
4 components of a chlld’s seriation sklll
(a) SELECTION the block she chooses to work with next

(b) EVALUATION her decision whether or not to accept a block as an addltuon
to a line.

(c) PLACEMENT: whereabouts in the line she puts a new block of whlch a |

major aspect is CORRECTION what she does with a biock once she realizes
that its wrong. :

“Under (c) would come rules such as:
(I) if block not next in series then reJect |
(i) if block not next in series then switch with nelghbor

~(iii) if block not next in serles then insert mto correct place

Our subjects Kst and Msu seem not to have any of these ruies operatmg These' '

rules could all be descrlbed as reactmg to the consequences of one’s actlons




I

" 4. The ability to insert sticks is regarded as evidence for the understanding of

"logical reversibilit)?" (as opposed to "foreseelngt empirical return”.)

i Questlon 6: Do nonserlatlng CP subjects understand the reversibility of

left turn 45 degrees / right turn 45 degrees, and"
~ forward 10 / back 10? Is this "logical reversibility"?

‘B. Stereognostic recognition of shapes

- _We have‘found this a particl.llarly interesting area and have concentrated most of

our attention here Severely physu:ally handlcapped persons can enjoy the vusualv

experlence of shapes and spatlal conhguratuons to a much greater extent usually,

than they can. lndulge in the mampulatlon of ob)ects in space Thls latter._'

: _'.rnampulatlon mvolves a coordlnatlon of tactlle information wuth proprtoceptwe
' Alnformatlon generated as the hands and fmgers move wnth and over the obJects,
[and with data: from the motor component i.e. the coordmated mstructlons to muscle_

groups whlch correspond to parttcular movements Hapttc tdentlflcatlon of objects

develops more slowly than visual |dent|f|catlon, and has been shown to be

-slgnlflcantly lmpalred in brain damaged chlldren (Rudel et al 1974) A posslble

explanatlon for thls is the fact that the varlous features of the palpated object are |

not avallable' "all-at- once as they are in the visual case. They have to be.

» searched for and mtegrated over time. -

"~ Inan effort‘to replicate at least thls'last attribute, and because the standar_d




-

(L

“palpation task ,clearly‘trequires supplementing and modification for use in our

poputation, we have invented a task we call "pseudopalpation”. The game is to

fmd a hudden figure on the screen by moving around a cursor wh:ch takes two A
forms, one when lt is msude the boundary of the figure, and another when lt is

outside.. The edge of the flgure is detected by notmg the change in shape of thev :

cursor, and a smalt piece of the edge )ust crossed can be inspected by pushmg the

~ appropriate button. This allows the sub)ect to accumulate evndence as to whether' o

edges are curved straight, horlzontal oblique, pomted and so on: Exp|orat|on of

edge shape at different parts of the hidden flgure can lead to a recognition of the

hvdden shape (See Appendix 4 for detalls of shapes used)

Results

' We have tested thirty non-handlcapped children to give us data on which to base _

‘a gradmg of performance, and we are in the process of developmg ways of

: 'quanttfymg the behavnour observed In addition to usmg the tally of numbers of .

) correct answers, we wush to use details of the sub;ect’s strategy of problem- -7

solvmg Our current algorlthm takes account of features such as:

entertammg atternatlve hypotheses about what the ﬂgure can be,
- searching for particular disambiguating features,
contour followmg or systematlc exploration of extent of figure.

Figure 2 shows the dlstrlbutton by age of patterns of performance on this task

Prehmmary scrutmy of the performance of Cerebral Palsy individuals shows a



defscut in Ievel of achievement on both dlmenssons ie. number of correct answers,
and age appropnate strategles used. We are as yet unable to say whether this

represents a delay or_a dewatlon.
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4. DlSCUSélON OF RELATED WORK_

. Of the several tasks involvlng spatial cognition for which screen version'have been
| lmplemented on our system, the first two we have explored to any depth with our
Cerebral Palsy sub)ects have demonstrated clear deficits. More work to confrrm
the robustness of thesevfindings is proceeding. If we assume for tb‘e'purposes of
this dlscusslon that our findings stand firm, we next need to conslde'r their
i'mpllcat‘ions.* Both our tasks have_a hléh' problem' solvi}ng'"component and both have
a high motor cornponen_t i.e. the subject is not required slmply to make relatively
pass‘ive‘ chblces frorn 'ar'no'ng'e$<perimenter-determined responses These two
3 'components are not lndependent The tasks used in previous reports of deficits in
| v;slo-spatlal functlomng in Cerebral Palsy mduwduals can be examlned wuth these '
components in mlnd | | |

Problem SOlving '

1. Cerebral Palsy subJects perform better on perceptual dlscrlmmatlon _

~(recognition) tasks (of simple geometric forms) than they do on perceptual

- analysis tasks (finding which of several figures the presented fragment was

part of; and on perceptual synthesw tasks (which of several sets of lines
could be used to construct a glven figure). (Blrch and Lefford 1984)

2 Impaired flgure-background discrimination in Cerebral Palsy sub)ects has been
- reported using masked and embedded figure tasks presented as a tactile task
(Dolphin and Cruickshank 1952) or as a visual- -perceptual task (Dolphin and
- Cruickshank(1951); Cobrinik(1959)). Cobrinik notes that handicapped and non
handicapped groups perform about equally well on the simpier items, but that -
Cerebral Palsy children perform iess adequately as the items become more
difficult. Scrutiny of the tasks suggests that the increase in complexity.

~ amounts to a gradual increase_in the puzzie or problem solvmg nature of the
task. : ~ '




Motor

t1. Cerebral palsy children perform badly on thev Goodenough draw-a-man test,

commonly interpreted as- evidence for their poor body image. However, they
perform equally badly when the task involves copying very simple flgures,
suggestmg a dlfflculty of drawmg generally (Abercromble and Tyson 1866).

2. Measures of visual perceptlon in Cerebral Palsy yield scores progressively
lower as the motor component of the test used increases (Zeltschel et al
: 1979)

- 3. Cerebral palsy children who fail on the block-design reproduction task of the

WISC, can succeed, most of the time, on a task which requires them to choose
the one correct design out of three presented block designs (Bortner and
Bll’Ch 1982)

J_‘ 4 The tactual figure-ground discrimination task (Dolphin and Cruickshank 1952)

- mentioned above involved exploring a surface wnth the hands and makmg a
drawmg of what had been perceived.

»Tne lack of experience component

-'Can-we infer that the'common component in all this flovlrs trom the evident lack of

_ experaence whlch we descrlbed as a lack of explucut confrontatlon between actuons

performed and the consequences of such actlons in the physical world"

Sustalned problem—solvung involves using feedback from early steps "that '
- looks good.. lets see where this gets me", or "no that looks wrong”. Instead,
a handicapped child behaves like John Holt’s (How children fail) kids: "shut

o your eyes, take a guess and pray that its right”

: Support for the lack of expenence the5|s comes from an exploratlon by Wedellv .

- and his colleagues (1972) of the relatlonshlp between the amount of mdependent' ‘

moblllty experuenced and the development of size constancy The task requures

' subjects to match the helght of an adjustable rod with standard rods at mcreasmg




distances away, and shows that under both monocular and binocular conditions of

vision, children with the longest independent mobility (over 1 year) achieve a
~ higher degree of size constanCy at the greater distances than children with less

Vexp'erience of walking. This is not correlated with age at testing.

- The brain damage component

An obvious possrible'alternatlve explanation for the deficits must be taken account

‘of. All Cerebral Palsy subje_cts’ have brain damage and it is the fact that this

V'damage_‘ affects their motor activity that puts them into the category under

investigation. _lt is surely necessary to explore whether the visuospatial -

perceptlon of an’lndivldual is disturbed as a consequence of that same brain

’ damage whlch produced the motor dehcnt or whether there has been additional |
) Idamage to the neural substrate Wthh dlrectly supports such perceptual actavnty

‘Wedell et al ( 1972) conslder that they have dlsarmed the possxblllty that thelr'r
‘» result reflects dlfferences ln degree of underlylng bram damage, correspondlng to

o _degree of moblllty restrlctlon, by showung no covariance of size constancy'

Judgements w1th performance on a vocabulary test Thls would no longer seem to

'be a warranted conclusnon in the light of a decade of work on hemlspherlc |
' specuallzatlon For an account of this endeavour see Ktmura ( 1973) and Hecaen h A
- and Albert (1978) The same criticism applles to Cobrlnlk’s (1959) conclusuon that
.locatlon of damage was - not relevant to flgure ground dlscrlmmatlon deficit, smce

“he too dld not take account of the laterallty issue. |




Selecting the next tasks
Several questions arise.
- Question 7: How would our subjects perform on a complek visual task
(a) with no motor component ’
(b) with no problem-solving in the usually understood sense
- {c) where there was unllkely to have been a lack of experlence"
Should we find that our subjects are relatwely unlmpalred in thelr ablllty to

perform such a task we could feel more lncllned to stress the lack of expenence

component as the largest contrlbutlng factor

Question &: How would our CP subjects perform on other visuo-spatial tasks which . |

work on hemlsphenc specialization leads one to believe are mediated by
the same area of the braln as the vusuo-spatlal tasks we have already
tested" : . .

' Agaln, should we fmd no demonstrable deficit, we would be lncllned to favour the

lack of experlence as the major causal factor

'.lt turns out" that face recognition tasks fulfill both of these sets 'ofﬂ criteria The

factors concerned in the encodmg of faces have been extenslvely explored in the

past decade, (see Carey and Diamond, 1979 for a summary) and there is ample'

:ewdence that thus is a complex vnsual task the execution of whlch depends on the

- ,mtegrlty of the rlght hemlsphere, as does most visio- spatlal cogmtlon (See

VHecaen and Albert 1978 for a summary) ln addltlon there seems to be somethlng :

rather specual about the encodlng of upright faces, eg. it is especually vulnerable o

- to inversion as compared say to the encoding of houses.
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~ For a computational device to achieve this, it must have the ability to

~ recognise objects under size, position and orientation invariance, so that it
‘recognises that it is looking at a face; and, at the same time, have the ability
to encode orientation-specific information on the basis of which it can
recognise this particular face. It would not be surprising to find the two
mechanisms located m different places in the brain, as the cllmcal evudence
suggests. :

~In contrast to normal adutts, young children and pataents with right posterior

| v_ vhemlsphere lesions do not show this materlals -by- onentatton mteraction i.e.

inversion affects the encodmg of faces no more than the encodmg of houses. Our

mterest wuH be in whether those of our Cerebral Palsy sub;ects who show spatial

def:cuts atso ‘show ewdence of rlght hemlsphere Iesuons as judged by their

performance on face recognutlon tasks We are also curious to see if mdwnduats
. who habltually tllt the head to one srde treat vertlcally uprlght" as a less
- dlstmgwshed orlentatnon We need to know what the shape of the orcentatlon

“tuning curve for faces iooks hke (Hmton 1979)

Next we consuder other aspects of the abmty to mamputate spatlal mformatlon and
to locahse onesself in space, aspects which have a functlonally distinct status from |
~that involved in the recognltlon of form We need to choose tasks whlch requtre ’
~ the moblhsatlon of these ablhtles |
Possible candldates mctude;
the top-o.gr'aphicali Iocahsatlon task of Plagetuln which a subject is requrrect to o

localize a "doll" in a miniature landscape deplcted on the screen, in positions

corresponding to those in which the examiner places the doll on a cardboard
‘relief map version of the same landscape, which has been rotated 180
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degrees; and the related three mountain task, in which the child is asked to
pick the picture that the doll would see from various viewpoints; and
the mental rotation task of Shepard and Metzler (1971), in which subjects are

shown pairs of line drawings of 3D jointed cubes as in the figure, and asked
whether or not they match under a rotation transformahon

‘The butstanding question we heed to formUlate is:

Questron 9; What happens to the performance on these tasks as visio- spattal
mampulatron experuence, in the form of LOGO classes, accumulates.
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5. LINGUISTIC ASPECTS OF STUDY
Our focus of interest concerns the role that computer—based activity can play in
extending the expressive possibiliiies available to Cerebral Palsy subjects with

severe motor handicaps such that fhey have had no previous experience in

generating writte.h text. Typically a caretaker adult will write down’what the
- subject says with an unkoown amount of editing slipping in durir\g the process.

' 'Now' for the first t_im'e the spontaneous, uncensoredproductions of these

individuals become available for their own and our scrutiny.

: As with visuo- spatlal actcwty, we conceive of thls exercise as servmg both‘
jduagnostuc and educatlonal roles In some cases, the motor handccap mcludes a

S dlsturbance in the functlonmg of the apparatus of speech productton ie. dysarthna,‘_ B

severe enough to lead to some dlfflculty in assessing the hngmstlc competence of .
the mdwudual Makmg avanlable an addntlonal source of mformatlon in the form of

wrltten text is- clearly of potential value. This would increase as the amount of

-e><|stmg oral expressmn decreases

The prirhe coricern of the school autho’rities is vocational placemeht and this,ir'nplies' A'

» a concentratuon on lmprowng the communlcatron skills of handlcapped persons The

17 year old student descrlbed in Valente (1979) hopes to go to coliege to tram as

- a computer- programmer, so the quallty of his written text is of great |mport_ance.



AX

tln order to protect the subjects privacy we do not quote his work.)

We do not have sufficient material yet for a detailed linguistic analysis, but some
- interesting points emerge based on our observation of his work. His text looks
like wrltten down ' spoken Enghsh" rather than "written Enghsh" Some systematle

~ errors are seen, for example, the "r"s that come before consonants are missing, as
~in "frst" for-"fnr.st"- "lean" for ' Iearn. We have consulted with our colleagUes in
the nguustac Department who have expressed an interest in seemg a larger

5 corpus of data for analysns

'Again’we‘e}ek the oueetion

Questuon 10: What Wl” be the effect of practlce on the wrltten work of mduvuduals
- who have no previous experience of thls actwuty"



PROPOSED PLAN OF RESEARCH

Using subjects from three schools for the physlcally handlcapped viz. Cottmg
Schooal, Kennedy Day School and Crotched Mountain’

1. A group of twenty severely physically handicapped subjects aged 11- 17 years

will be studied with a view to obtaining performance profiles in the following

selected task areas. ,

a. Seriation, as already described (see section 3 and Appendix 4)

b. Pseudo palpation as already described (see section 3 and Appendix 4

c. Mental rotation task of Shepard and Metzler(1971) as described, bneﬂy, in
section 4.

d. Topographical location as described, briefly, in section 4. -

e. Face recognition tasks, as provided by Professor Susan Carey.

f. One other (verbal reasoning) task

g. Locus of control. The Intelliectual Achsevement Responssbuhty test is ‘
currently being used in a LOGO study on Brookline children with learning
difficulties, and we plan to use the same test on our Cerebral Palsy'
children..

 Tasks Wl”Abe admmustered in the first year and in the maddle of the second year of

. fundmg

2. Eught of the subJects w;ll form the mtenslve core. group with WhICh we wnll work
- at LOGO activities during the enttre period. These activities wsll include:
~ Math (see Appendix 2),
Physics (see Appendix 1), Lo ’
Creative Writing; an editor and a flle-handhng system enables each user to
‘write his own stories, display them on the screen, store them in a notebook,
~and edit them at will, and
Drawing, using a tablet (see Appendnx 3)

3. The remammg twelve sub;ects will have two creatlve writing sessions a month.
~ These will extend over several days, involve: use of the edztor, but not any
turtie geometry or physics. :
_ Thls w:ll serve two purposes-

a We will collect a corpus of data for hnguustlc analysns

b. We wnll gsve these subjects a computer experlence, so that they can serve as
an mternal control : :
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Two'points'about "the research 'design should be made.

1. The reason for havmg only elght sub;ects in the core group is that we have
-found this to be a manageable number given the extensnve documentatlon
_ mvolved

~ 2. Ideally, we need the following groups:

a. Handicapped Children: pre- and post-tested, with no special mtervemng
activity. '

" b. Non-handicapped Chlldren A

- (a) pre- and post-tested, with creatuve wntmg experience

(b) pre- and post-tested, with LOGO experience

(c) pre- and post-tested, wnth no special mtervemng actlwty

However, as the point has been made many tames in the past, it is not clear what .
group of non-handicapped persons would constitute an appropriate control.
Further, we do not have the resources in staff and machines, nor are there
. sufficient suitable subjects available to us to enable us to pursue this research -
~ design, and we feel that the: design we have chosen will yield the largest amount
of mformatlon, whilst ensuring that each handicapped mdwndual gets a valuable
experience durmg the research period. . '

.Machmes*
. We wntl use the .machlne‘s purchased under the graht we currently held‘ for work
at Cottmg Schoo! i.e two GENERAL TURTLE 3500 machmes In addltlon,, we are |
_'requestmg funds in this proposal for two home computers, etther the TEXASA .
INSTRUMENTS or the APPLE version, and a prmter, for use at Crotched Mountam_ o

’ for the creatwe wratmg part of the pro;ect




27

REFERENCES

o

Abercromble, MLJ and Tyson, M.C. (1966). Body image and draw-a -man test
in Cerebral Palsy Develop. Med. Child Neurol. 8: 8-15 o

2. Birch, H.G, and Lefford, A (1964) Two strategles for studying perception in
: "brain-damaged” children. In Brain Damage in Children: the Biological and
’ Soclal Aspects Editor H.C. Birch. William and Wilkins.

-3 Bortner, M. and BII’Ch, HG. (1962). Perceptual and perceptual motor dissociation
in Cerebral Palsied children. J. of Nerv. Ment. Dis. 134 (2): 103-108.

' 4. Carey, S. and Dlamond R. (1979) Maturational determination of the

developmental course of face encoding. D. Caplan, editor. The Biological
Bas|s of Cogmtlve Processes MIT Press.

| -3 Cobrlnlk L. (1859). The performance of bram-lmured children on hldden—fsgure '
tasks Amer. J. of Psychol 72 588 =

6. Dolphm, J.E, and Crunckshank WM (1957) The flgure-background relatlonshap
‘ in chlldren with Cerebral Palsy J. of Ciln ‘Psychol. 7: 228-231. '

Dolphln, J. E and Crunckshank WM (1952), Tactual motor perceptlon of |
chnldren wuth Cerebral Palsy. J. of Personality. 20: 466-471

N

8. G:Iheron, C. (1977). Serial order and wcanant order: the Ilmlts of isomorphism.
Arch. Psychol 45: 183-204 - :

: 9 Hecaen, H and Albert M.L. (1978) Human Neuropsychology Wlley and Sons.
' New York -

: A1 0. Hmton, G Persona| communication. _
- 11. Holt, J. (1965) How Chi!dren Fail 'Pitman'

12, Kimura, D. (1973) The asymmetry of the human braln Scien. Amer.. 228 :
70-78

'.~13 Laurendeau, M. and Pmard A. (1870). The development of the concept of
space in the child. Internahonal Umverslty Press New York. :




14,
15.
18.

- 17.
18

19,
20.

- 21

22.

23,

28

Papert,S., Watt, D., diSessa, A, and Weir,S. (1979). .Final_ Report of the
Brookline LOGO project. LOGO Memos 53 and 54. :

Papert S. and Weir, S. (1978). Informatlon Prostf\etlcs for the Handicapped.An
Artificial Intelligence Laboratory Memo 496 (Logo Memo 51). MIT.
- Cambridge, Mass. ' v

Plaget J. (1952) The child’s concept of number. Humanities press. New
‘ York S ’ ' o

_Rudel R. G, Teuber, H.L., and Twitchell, T.E. (1974). Levels of impairment of

sensori-motor functlon in chlldren wuth early brain damage.
Neuropsychoiogla 12: 95-108

Shepard R N., and Metzler, J. (1971) Mental rotatron of three- dsmensnonal-
_ ob)ects Suence 171: 701 703. :

Valente, JA (1979) LOGO and Cerebral Palsy: a case study’ Forthcomin‘g.v

‘Wedell K., Newman, C.V, Reid, P., and Bradbury, IR (1972). An exploratory

. study of the relatlonshlp between size constancy and experience of mobility
in Cerebral Palsied children. Develop. Med. Child Neurol. 14: 615-620.

Weir,"S . and Emanuel, R. (1976). Usmg LOGO to catalyse communication in an

_autistic child. D.A.l. Research Report no. 15. Department of Artificial
intelhgence, Edinburgh University ‘ o o

Young, R.M. (1973). Chlldrens serratlon behaviour: a productlon system
analysis. Doctoral Dissertation, Carnegle-Mellon University. - -

Zeltschel, K. -A., Kahsh, RA., and Colarusso, R. (18979). Vlsual perceptionvtest's
used with physically handicapped children. Acad. Ther. 14: 565-576.




Appendix 1 A o '2‘9

~ APPENDIX 1

" DYNAMICS: LEARNING ’PHYSICS WITH A DYNATURTLE This is an abstract of the
section written for the Final Report of the Brookline project by Andy diSessa

A dynaturtle, like the ordinary LOGO TURTLE, is a graphics entity which can be
- moved around on the computer display with commands typed at the keyboard.:
Like the geometry TURTLE, dynaturtie responds to commands, RIGHT or LEFT, by
- instantly turning in place. While motion for the geometry TURTLE is caused by the
command FORWARD, a dynaturtle never changes position instantly, but can acquire
a velocity with a KICK command which gives it an impulse in the direction the
- dynaturtie is currently facing. To effect real time control, one normally directs a
- dynaturtie with keystroke commands, R, L, and K which stand for RIGHT 30, LEFT
30 and KICK 30. Provisions are made to allow students to augment this small set
of instant commands at their pleasure. ‘

- Two model games are provided for the students to begin with. One, called

- TARGET, has as its goal to direct a dynaturtle with K’s, R’s, and L’s to hit a target,
and to do so with a minimum speed at impact. A qualitative scoring together with
impact speed is printed out when the target is reached. The initial configuration
has. the dynaturtie at rest aimed directly. up the screen, and the target, as
- indicated in fig 1, positioned at a bearing of 45 degrees from the dynaturtie. A
single K command would cause dynaturtle to travel the distance between initial
position and target in about 15 seconds. The introduction to dynaturtie given to
~students is a brief description of commands together with an illustration, applying a

few "kicks” to a _tennis ball on a table using a small wooden mallet.
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fig.1 |
Initial Configuration of Target

~ Dynaturtle and the model games provided were designed with the intent of

~introducing ‘the students to the Newtonian notion of controlling an object by

changing its velocity. The fundamental principle is that an object has a velocity

| - (both direction and magnitude) as part of its state, which is preserved until an

interaction (KICK) changes the velocity. KICKs on the other hand act in a very

~simple way which can be described by vector addition (fig. 2 ): The old velocity is
changed into a new one by adding a KICK vector whose length is the input to the
KICK command and whose direction is the current heading of the turtle. -

kick .

rs

velocity

new velocity

o fig. 2 -
" Vector Addition




:Appéndx 1 31

¢S o

' Moving Upward o Expected Result =~ Actual Result
.- of asideward kick - S
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: APPENDIX_} 2 This»sectidn was prepared by_ Jose Valente. o
USING LOGOVACTIA\_'IITIES TO INTRODUCE BASIC CONCEPTS OF TRIGONOMETRY ’} o

| Miké is an 18 year old boy with severe cerebral palsy of-mi'xed type, enrolied as
an 11th grade student in a special school for the handicapped. He has been using
Logo for over a year now and has mastered the major LOGO ideas quite wellf

| In the begihning of his Logd activities, after several sessions exploring some of the
~ LOGO ideas, he initiated a project whose task was to draw the background of
Copley Square, a very well known landmark in Boston.

At one point in his drawing he had the church, the Hancock Tower, and intersection
~with a stop sign. The large street at the intersection represents Boylston Street
and the smaller one represents Berkeley Street (see Figure 1.a). - :

When visitors came to see his WOrk, he would show them this dr'awi'ng énd he
- found that the picture was not sufficiently representative to be recognized without

~ some hints on his part. At other times the stop sign was even misread as a tree

- (due, perhaps, to its being out of proportion to the surrounding "buildings™) Mike
. would sarcastically reply: "a tree in downtown Boston!!" This was a topic for
- jokes, although Mike was not happy with it. To resolve the problem he proposed
- that his drawing be labelled with the word "stop” on the stop sig, and the name
~ "Copley Square" written at the top of his drawing (see Figure 1.b).

- . . ) ) =

o [

~ Figure la | S | ' ~ Fiaure 1b
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This new task gave Mike another idea. Since some letters in both words were the
same -- eg. 0, P, S -- and he needed them in different sizes, why not define
procedures to draw the letters used in these two words so it would be possible
" to change their size? Moreover, why not have procedures like those to draw all
- the letters of the alphabet? From this point of departure, Mike worked on two

projects simultaneously: background of Copley Square and the letters of the
" alphabet. ' - : _ : .

To draw letters of the alphabet with variable size, we can imagine each Ietterv
being drawn inside an invisible rectangular frame where height and width can be

- adjusted. If we make all the parts of the letter a function of these two variables,

we can change the size of the letter by giving different values to them. Suppose
‘we want to draw the letter G. The rectangular frame is defined as having height Y
and width X (fig 2.a). Inside of this frame we can draw the letter G where the
~parts of it can be defined as shown in figure 2b 1006 tx oty il
' ’ 10 FENUF
20 FORKARD $Y
30 RIGHT 20
30 FORWARD §X
50 FEMDOWM
40 RIGHT 180
70 FORWARD :X
B8O LEFT 90
T R - Yy/3 70 FORWARD Y
Ah_’ 1 100 LEFT 90 -
A 4 _ 110 FORMARD tX
X - X {20 LEFT 90
o - 130 FORWARD (Y 7 3~
Figure 2b 1323 LEFT 50
o 120 FENUF _ o
: de A 150 FORWARD X / 4
Figure 2a o : 160 FENDOWN
S SR A 170 RIGHT 180 :
Figure 2c 180 FGRWARD X / 4
' 190 SUF L Y / 3
200 HIDETURTLE
END

><
~
> : '
' [ U -

P S —

- initial
- position of
the turtle

Therefofe the procedure to draw the letter G has two variables X and Y (as size
‘of the frame) and a variable L which indicates the distance between two letters.
The Logo commands to draw it are shown in figure 2.c. o

~ For those letters which can be drawn using ohly hdrizontai and vertical lines -- eg.
LT E=-itis relatively straightforward to define procedures to draw them. Mike
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very rapidly mastered thls However, when the letter has slopes -- eg. R and K
-- things are not quite as easy. The angle of the slope and its size change in
- some relatnon to the saze of the frame. For example:

Y=100

X= 30 | thur‘e 3

: Mnke s first attempt was to fix the angle at 45°, He found that this only worked ‘
for X=Y. For X not equal toY we get poor results. . :

: Th|s provided a good chance to introduce Mike to the basic notions of tngonometry
or what in the elementary text-books is caIIed practlcal tngonometry

k These concepts were presented in the followmg form.,

L (a) _ldentnfy the angle whose value you want to ftnd

angle

o (b) defme the rectangutar tnangle that has as one of lts angtes '
' ./(different from 90°9) the angte you |dent|f|ed in a

a'ngt;te

- - - E

(c) in this tnangle |dent|fy the sides that are adjacent and opposlte |
to the angle and find their vatues :

| adJacent
=Y/2

opposite=x
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(d) fHe value of such an angle is give by:

. ' ~ value of opposité side
ANGLE = ARCTANGENT -
: _ value of adjacent side

(e) the Iength of the blggest side- of the triangle (hypotenuse) is
given by '

: value of adjacent side
cos (ANGLE)

By following thls procedure Mlke was able to draw all the letters with slopes and
show these ideas to his students. He was also able to deal with new details and
slightly different problems which he solved in drawing the numbers from 0 to 9
' For mstance, in the number 8 shown below.

TO VIII % :r :
10 FORWARLD 3Y / 15, % 7.
20 ANG Y R .
) o : . 30 FORWARD Y / 15. % 7.
3 T 40 'RIGHT %0
- ‘ 50 FORWARD $X

e : 60 RIGHT %0 ‘
T8 ] 2/16%Y 70 FORMARD iY / 1. ¥ 7.

" <2/ 80 ANG :Y B

> N2/16*Y 90 FORWARD 1Y / 15. % 7.
o 100 LEFT %0 ' .

110 FENDOWN

7/8*Yy L 120 EACK !X
o 130 FENUF
X N . - 140 FORWARD X
' 50 SUF 0 fL
ENDI R
TO ANG {2
10 MAKE *Z7 17 /. 3, , o
20 MAKE *ANG ARCTAN 127 / (127 / 2,
.30 MAKE "H € 1% Z. ) 7/ COS raig
40 RIGHT AN B ' '

ol
50 FORWARD H
" 60 LEFT 2 % &NG
70 FORWARD :H
80 RIGHT :ANG
CEND ‘

Figuré 4
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}Th'ese p'rojects also gave Mike some good opportunities to’oberate algebraic
expressions and fractions, and the more sophisticated syntax of these more
‘ Apowe}rful Logo procedures ( for example, in drawing the number *1°).

"RIGHT :ANG

X/2

Y/4 "f’?angle

t
4

M Ly

I, 1% 3Y L
FENUF ‘

CFORWARD IY / 4, % 2, .
HAKE *ANG ARCTAN ( ( $¥ /7 2. ) 7/

FENDOWN

(-1Y / 4, )/ COS 1ANG

FORWARD ‘
RIGHT 120 - {ANG
FORWARDL $Y

LEFT. 90"

FENUF

CRACK X / 2.
FEMNCWN
FORWARD X
SUF O L

- Figure 5.
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APPENDIX 3

'DEVICES

For those whose typing skills are too.limited by lack of fine motor control, and by
and involuntary movements, to be useful, we have developed two supplementary

: devices, viz a button box and a tablet.

Button box

The principle here is to reduce the number of gestures required for any particular
input. * This is achieved by having fewer keys than the conventional keyboard, and
having these keys larger and further apart from each other. Each larger key,
called a BUTTON, can stand for an arbitrarily long string of alphanumerics, typically
- a LOGO command, for example: FD 10 (see fig. 1). ’ S -

Coe

’ 4,

fig. 1

New vconi_mands can be added .in a moduiar fashion by hboking up hew boxes of
buttons. This device was used by Perlman (1974) with 3 to 5 years old children
- and by Weir and Emanuel (1976) with an autistic child.

This same economy of -gesture can be aéhieved by usiné software, ahd relabelling
the alterated keys on a regular keyboard according to the activity the child is
engaged in, for example manouvering the "hand” in the screen task (see Appendix
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Tablet

The tablet is an input device consisting of a flat metallic surface arranged so that
the lightest contact pressure is registered. The affect of this is that any drawing
‘made on the tablet (with a magnetic pen) is digitized, and can be stored or
displayed on the screen. _ ' :

The range of pb‘ssiblé activities using this device includes tracing patterns, free
- drawing, and cursive script. We are in the preliminary stage of exploring the
potential of this device for use with Cerebral Palsy. ' -
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* APPENDIX 4
SCREEN TASKS

An efficient general purpose system for implementing a wide variety of tasks has
~ been developed and programmed on the 3500 (in assembly code to achieve the
necessary speed of response). New tasks can be added relatively easily. .
Features of the system include the prevision of an automated record of the moves
- made by the subject, complete with a time marker, and a facility for using this
record to drive a rerun of the task for purpose of analysis.

" The system consists of a collection of buttons including four which move the cursor ~

around, two for rotation, and GRASP, DROP and PEEK buttons as described below.
Seriation - |

. The first step is to allow the subject to become familiar with the buttons, using a -

two-stick display. To move a particular stick, the subject must direct the cursor,

- called "hand", using the four directional buttons (in a northerly, southerly, easterly,
-or westerly direction), until the "hand” touches the stick. At this point, pushing the
- GRASP button causes the stick to be "grasped” by the "hand". “Now pushing the
~directional buttons moves both the "hand" and the stick; pressing a rotational

- button can rotate the stick counter or clockwise. When the stick has been moved

to the desired position it can be dropped by pressing the DROP button. '

- The subject is now ready to do a 6-stick, a 4-stick or a 3-stick seriation task, -

depending on the circumstances of the task. A demonstration of the completed

- task, ie. a proper seriation, can be called up on the screen at will. Finally, extra
sticks can be presented to test the ability the subject to do the insertion step.

Pseudo-p_alpatiori‘ i

“In this task there is a hidden figure on the screen whose identity has to be
established by moving around a cursor which takes two forms, one when it is -
- inside the boundary of the figure, and another when it is outside. The edge of the

figure is detected by noting the change in shape of the cursor, and a small piece of
the edge just crossed can be inspected. by pushing the appropriate button. This
aliows the subject to accumulate evidence as to whether edges are.curved,
- straight, horizontal, oblique, pointed, and so on. Exploration of edge shape at
different parts of the hidden figure can lead to a recognition of the hidden shape.
The same set of directional buttons are used for moving the cursor around in this
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task as were used in the seriation task. In éddition, there is a button which allows
- the user to take a PEEK at the configuration of the edge which has just been
crossed. ‘ o ' ‘

- The set of possible shapes was taken from Laurendeau and Pinard (1970), who
- used wooden versions of these shapes to investigate haptic perception in 2-12
year-olds. A board displaying the 12 shapes (as in fig. 1) was available for
scrutiny during performance of the task. Seven of these were chosen as the test
figures, viz. square, triangle, trapezoid, circle, maltese cross, diamond, and 4-star,
and presented in that order. ’ ‘
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