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CHAPTER 1
STATEMENT OF THE PROBLEM - e

During the pest few yesrs mibrooomputers have become readily more available to everyone

end their epplications have increased dramatically. These developments have raised questions

aboug the possible uses of microoomp&ters in education. Bork (1985) predicts that in the future

“computers will comprise the dominant delivery system in education for almost all age levels in
most subject areas” (p. 1). He identifies five uses of computers, each corresponding to )9' different
pedagogical need, as the main ways of using computers in an educational context. These are:

* . ' b
programming, computer literecy, intenect%gl tool. computer-based learning, and computer
: ) : .
management. Educators have begun to study each of these uses for clessroom édaptations. In the
orea of mathematics education, for example, an extensive list of resesrch studies on how

computers can be used in each of these various applications has been compiled by M. Suydam

[1986]. T

4 Stemming from the ArtiﬁcialTntelligence language LISF5, LOGO is a programming language .

é’;‘eated in the late 1960's and designed specifically to be used by children. Early research with

:LOGO which took place at Bolt Beranek and Newmen Inc. was aimed at investigating the merits of

'IEarninq‘ programming for the ungle'rstanding of mathefnatical idess. Since this initial study both

the LOGO I&mguage, &s well as other resesrch projects using it havevevolved ('see Clements 198S).
This study is concerned with the use of the progremming language LOGO as an intellectual

tool n the teaching of mathematics. According to Bork an intellectual too! s seen &s an “extender

of the humen intellect”™ (p. 41) of which there are two types: general purpose tools, those which

cut across subject areas, and specific tools, those for learning a particular * subject. Two early
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™

- research projects with LOGO were done, one at MIT and the other at the University of Edinburgh.

At MIT, under the guidance of Papert, LOGO was used both &s a génerel purpgse intellectual tool for
developing problem solving skills and as & specific tool forieiarn’ing mathematical concepts via
‘furtle Geometry. The MIT philesophy is to create a new learning enviro’nn;eni that is
child-centered and fosters implicit learning largely through seif-discovery and self-initiated
projects. At Edinburgh, ur;der Howe, LOGO v)as used as a specific tool in an attempt 1o teach certain
math concepts explicitly. The Edinburgh philosoph\; was to ncorporate LOGO into the traditionst
classroom setting with the exisitng curriculum.

' Both thé r:m and Edinburgn approaches are sigrﬁficunt pioneering efforts in atlempts to use
LOGO in the learning of mathematics The Edinburgh approactt had some moderate success in
secondary school éiassrooms and wa; carried out primarily by the origmatoré. in contrest, the
MIT approach has had the widest appeal among researchgrs and educators. Conw_:uently mdst LOGO
research and classroom uses have been based on the latt%r approech. K

These pioneering sttempts by MIT and Edinburgh ea/ch represent almost diametrically
opposed approaches 1o learning and teaching with LOGO. Each of these research projects together
Qvith'other .studies based on them have begun over the pest five years to focus attentiqp on

- - . , <
shor tcomings related to the exclusive use of either of these philosophies. In particuler, there ere

questions on the one hand about the benefits of the Edinburgh approach where LOGO 1849‘dopted in

such a8 way that it does not disturb most of the traditidnal features of tesching matﬁemmm.
Similarly, on the other habd, there are also questions about the MIT approach which seems to be

rather 100 revolutionary for most teachers to understend and accept [Leron (1985), Moursend

~ (1984)].

in recem years, some members of the LOGO community have begun to reflect on the actual
advancements of LOGO in an educational context. Leron’[ 1985] calls sitention to the fact that the

4
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", use of LOOO es described in the book Mindstorms is a vision and thet there is'a need to wark.on

interfacing this vision with an operational context of the real world. He suggests thet rather than-

>

edopt and work with one of the "opposinq pasitions”, e.g.. Piagetien iwfggVS'WHWPVGIWG

. clessroom teasching, that it would seem more useful to adopt aposmon ewhere in between. Ina

EAE 4

slmﬂer vein, Bork [1985] recommends thot “much edditional reseerch coupled with' the .

“ 7

developmentof curriculum material is needed to determing how Lwo can be used gs an intellectusl

£°

", todl in & variety of areas” (p: 56) Such remarks clearly show thet the LOGO oommumty has

-

begun to reoogmze the need for more ploneertng rwearch an alternatwe weys of using LOGO as an

~intellectuel tool. . C e

The study repgrted here is an exploratory venture in this direction. it'is an ettempt to

_develop an 'mtermedietet and more realistic approach to using LOGO asnen"inte!lectuat tool in an

eduedtional context. 1t is based on the essumption' that Lootlhas the potential tc enhance the
ed

learning of mathematicel ‘concepts given appropriate'desigh 1 rning'oontexts The'underlying

phnosophy is that these oontexts cen be designed so that the process of learnlng programmtng, h

concepts in Turtle Geometry mduces the learnmg of oorresponding mathemetlcal concepts .

The genet‘al purpose of thls stuw js to design 8 task or:ented LOGO envwonment w1thl

. overall and spedific prpgremmmg end mathematlce'l ob;ectwes approprlate for grade 4 chlldren )

If the responses the cnndren show that they are able to eehteve these objectives through their'

performance of the glven tesks the prlnmples of the research desmn may be used by teachers es 8
model of hgw to design a LOGO learning envrronment thet wHl empower thumhlevement of

perttculerhcur'riculurn goels.
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REVIEW OF THE LITERATURE

L .
‘

This review focuses on two areas relevant to this study. First, it oonipares and contrasts the .
main characteristics of two prototype LOGO énvironments ré\ﬁFwenteq by the MIT and Edinburgh

approaches. Secdn'dly, it reviews, the rgsearch with respect'io these cnaracteristiés and with  ~

. respectfo the mathematical and programming concepts identified in the environments.

We shall compa,r’é and contrast both appreaches with respect to'the philosophy and design,

the role of LOGO, and of the teacher. - \ ) "
e) .- MIT'L060 I .

.

N : o ] T
According to Pepert,-L0G0 is nat just & programming languege but & new philosophy for

educdtion (Paﬁert, 1980. p. %\1 7). Thet is, LOGO is & general intellectual tool that can be used to
] ’ .

-

revo]utidnize education. The J%T LOGO phil?spw removes LOBO from the traditional classroom
'

<

-into an ideological environment

e

ig.entirely dependent on 1060 itself and-the misrocomputer . |
Papeét‘epngders 85 8 fundamental sspect of learning thet "yllh'at an individual can learn nd how he .7
learns it depends on whel models (are) ayéilablé(to him)" (Pepert, 1980: p. vii). Heoedds thet
8 crucial factor in any learning ényironment is that it is "rich in these materials that (will) make

‘ tﬂf concept sirpplg and concrete ‘( Papért, 1980: p.7). For; Papert, "LOGO enviroqments ore

. . k & . . )
artificially maintsined oasis where people encounter knowledge” (p. IBJ—HLPﬁ‘t;I%O: 9.

184 T

-
4




The L6060 environment reflects a use of LOGO &s both & general infellectual tool as well as 8

sbecific too! for learninq"a subject like meathemetics. The specific characteristics of the

environment include:

4

- learning and using LOGO for Turtle Geometry drawimgs in a child ‘centered
environment without the constraints cof objectives or contenl of an organized

curriculum.

- Iearning'by self-discovery throuofi individual projects

- - creating a situstion in which the role of the teacher is largely providmg help when it
. 1s asked for and answeri ng questions.. v

° using ideas such as ‘playing turtle’ es a way of dealing with Turtle Geometry concepts

A -

_b)  Edinburgh 1060 | o
The Edinburgh approach for using LOGO is quite different. tndeed, this groud Dé;an by using
8 siﬁ\ilar apprbach to MIT but concluded from the experience that: “they (the students) needed so

much time and so much individua! help that it rapidly became clear.that the unstructured approach

suggested by Papert could not be managed in 8 U.K. classroom, with one teochér and perhaps thirty’

pupils.” (Ross, 1982: p. 2).
The phiesephy-ef-the Edlnburgh group is based on an mlerpretahon taken from Qnﬂdnan_s

k]

I:‘Unds (Donaldson | 978)

. , \ '
0 S "Teaching a child is not just a question of devising tesk
situstions which encourage the growth or use of new '
- - memory structures: part of the process of communicating
knowledge involves taking account of the effect of existing
knowledge and using it to advantage whenever this is '
.possible.” (Howe, 1980: p.7)

-~ ~



(d) use feedback o essrst learning.

S ‘ ' . . Pomé

Thet is,~wheress the MIT epproech is bssed on'e revolutionory philosophy of lesrning
without & curriculum or teeoher, the Edinburgh approach is more of a reform in which LOOGO is
used in a structured environment'within the cootent of the traditional classroom and curriculum.

Consequently the general teechmg gmdehnes of the Edmburgh group are: (a) build on a

cmld ) ex‘shng knowledge (b) use familiar materials as manipulable models or 8s metaphors to

make. teaching end. leerning more manageable, (c) view ' classroom octwmes s partnerships =

between-{eacher and pup1l in which'the {eacher organizes the objectives and content and the child

is given as much responsibittiy as possible for choosing, formulating and solving problems and

- %

Again; unlike the MIT opproach where LOGO programming is learned in the context of using
it todo Turtle Geometoy, the Edinburgh group separates learning LOGO from learning mathematics.

The group focuses on the “context” in which a chﬂd’ Ieorns with computers They beheve that s

~ noviee's ability to learn to program is |rnpeded by the fact that he lacks an adequate mental

representation of the machine he is trying to use. (Howe, 1980. P 8) Hence théy use 8

-

simplified model of a computer "lo provide & descriptive mode! as a context for infroducinq
. .

programming concepts, for interpreting the machine's responses and for &stabiishing 8 smell :

vocabulary for talkmg about programs and the octwvty of programming * (Howe, 1980: p 8) The

‘ approach uses worksheets consisting of objectwes 8 sample program exercises which are

-

modlflcatlons of the prooram and oppor}umtm to adapt the program to the sntuations.

”
v

. According to the Edinburgh Group, LOGO can be uoed ih mathematics loerning: “once pupiis

' o}‘e able o uriderstand how LOGO procedures ore executed, programming provides 8 besis for

making concrete interpretations of-a variety of basic mathematical skills and concepts,” \ ( Howe,
1980: p.10) Their objectives for using LOOO in mathemahcs are to improve a child's (i)

underétandmg of basic concepts and skills, ( ii )obmty to hendle math topm (111) mathematical

-,
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self confidence. Worksheets are used based on the programming worksheets. Thus, LOGO is simply

) programming lang'uege thet could be replaced by enother language.

‘.' . r
i N Y]

%

To 3ummorize we see /(pam sbove thot d)fferencw m the philomphnes of r‘aT end Edmburgh -

towards LOGO learning lead to differences fn the Ways in which L0060 environments are de?igned

“

and used for learnino These differences are mustra(ed in the disgrams beluw

- : v ‘i

MiT N

. L0OGO a general intellectual tool for
- thinking and prablem solving.

Tnlchgn
(Helper)
Leunnina Thréugh Environment & Child
self discovery centeret unstructured

Child

- Child generated pro j;cli.

random content, pace anil
sequence_ ‘

LOGO and MATH
Jearned together

e

" Learning Through

L0GO and FIATH
., learned separate

EDINBURGH

, L000 as @ specific intellectus!. tool for
learning specific subject matter e.g. math.

-, _.‘ 'Te;c_her ,
- (Director of learning)

Environment: Subject
teacher-based centered, structured

mathematica) tasks N /
: \ Child

4

Teacher genorated:
organized, objectives &
contents, pace & sequence

y
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‘LOOO has been used in research studies since the nineteen-%eo '7(Brown etal,; \§73,
Solomon', 1975). This early period or research fncluwd experimentation in the construttion of a
suitable Ieorning envyronment in which '10007103 to be used and observing chﬂdren's behaviours
working in the environment (Brown et.o)., 1975 Howe et al, 1978, 1980). However wllh the
pubhcahon of Papert s book Mindstorms (1980), the neture of LOGO research changed
significantly. In his book, Papert describes h1s teaching phﬂosophy anda oorrespondlng learmng
. environment to be used in con]onchon w1th LOGO. Much of the LOGO related reeeorch thereofter
tended to imitate the. environment s, described ifl Mindstorms and observations were concentrated
'on the way students learned Lwo and the effects of LOGO programmmg on students ( see Clements

1985) As a r%ult of this, a large collactlon of reports of chﬂdrens behaviours workmg with LOOO

is available; unfortunately, sccompenying them, is relatively little detail on the oontexts in which

these %oéervations were made.

_ As {h~is study concentrates on both the 'developme_nt of the learning environment ano the
corresponding children's behaviours, the review of the'literature focuses on/the early LOGO
" research as well as the more reoent The early research, and more specifically the works of
Brown Howe and Solomon, are analyzed with respect to the details of their T pecuve learning
envnronments The more recent research is revxewed wﬂh respect 1o thy mathematical end
programmmg concepts present while workmg with LOOO(Hme) Noss, Paper etal. )
Structured contents and curriculum '

. The 1dea of structuring the contents for learmng:Loe'o i early r rch projects hes been

. * ~No L
attempted in three different forms; worksheets (Howe, 1980: p. 9, 1), projects (Solomon,

., 1975: p. 18) and corrioulum * guides(Brownetal., 1972: p. 7). Tr/te major difference between

t
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these structuree is thet wor'ksheets end projects were designed io be used directly by the students

7 /

whereas a curriculum guide was suggestedoutline available to the teacher. I

In Edmburoh two sets of worksheets were produced " One was ‘for leormng LOOO

, progremm\ng and the other for work'ing with mathemehoal topics ( Howe, 1980). The framework

of the worksheets remained the same for both types. The learning strategy involued three stoges;

_repeoting or copying something from the worksheet (8 orooedure for exemple).'\modifying f{ine

minor wey and finelly adapting itine new situation. Progran'\mihg oo'noe,pt/s were taught in ordered.

sequence e.g. procedures, sub-procedures, variables and recursion. Topics for the math

’ worksheets however, were chosen ‘based on.the following two criterig l)_.oo. their presenting - -
* difficulty for the children who were at the time l_eoroing LOOOoeﬂd 2) topics which lent themselves

1o a ‘concrete ”interpretation‘«thet LOGO could provide. Topics from arithmetic, algebra and

geometry from the upper eiementary curnculum were chosen and mclud@ such items as number
lines, adding positive and negetive numbere ond geometrlc figures. h _

Howe provides us with only one semp]e math worksheet on the eddition of positive ono .
negative 'numbers (Howe, 1980: p. 11 end Appendix 2). The available details from this sample
workshest seem to guggest that a traditional /teachiog method for the pa'rt*icu‘logf?ubject'wes used. In -
tue cese of the addition.of -‘!psi}ive end/ negalive numoers, an approach us'iog semi-circ!es to
represent eoch type wes adapted for use on toe computer. In. this cese, the techholo'gy ( computer
with L0GO) acted only &s a vehicle for the lesson. |

4

" Suggested projects were used both by Brown et Syracuse and Solomon at MIT. The Syrecuse

~ group, which had been experi'tnting with curriculum design from the vér‘y beginning of their

rweorch' with LOGO, created g hierarchical set of projects. These suggested 'projects were

|

clessified into three catagories: 'simple projects’, ‘projects with varisbles’ and ‘projects with

 decision points’ (Brown et al., 1973, p. 10). An example from each group Includes designs of-
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jmtials, erithmetic or languege games, and gamee'with hmits end conditional bronchw.. Solomon

/ . .
suggests to the*teacher 8 1ist of ‘early topics and projects’ (Solomon, 1975, p. 180). Examples of .

» projects included are drewing e circle, making 8 face and 'roihii: square’. Each project is '

-

~1973). s purpose was to prnvuie an outline for the teachmg of the elementary LOGO programming -

described in terms of 8 suggested teaching strategy through semple discussions for introducing the .

"idea to the chiid

. L8
\ .
The idea of suggesting projects pravided a guideline for a progression in the Iearning of LOGO
programmmg skiiis For instance, in the Syracuse group tﬁgether with the lsting.of the pro}ects

i$ also some information, not very deiaiied of the new programrmng concepts and commands that

g will be enoquntered with each particuiar project group (Brown et al., 1973 p. 10). For example

in the category of 'simple projects‘ the new concepts are identified as prooedure, éub-prmedure,

-

editing, recurswn and filing and the new commands iisted are T0, END, EDIT, SAVE, OfT,.LIST,
ERASEanad turtle commends. What 1s not expiicu at this stage in the ressarch is the identlfieation
of the actuai mathematical eoneepts that are required by o chiid in order to. succeed in achievmg the
final goal. And, hence, it is not ciear for the teacher what exactly the child is required to know or.
what exactly it 1s the child is learning. |

The ides of & curricuium guide was first described in the SyracBse report (Brown et al. ]

eoncepts It'wes UeSigned for teachers to be uwd for introducmg Lwo into the ciassroom The guide

provnded a hierarchical sequence of topics ior the introduction of basic LOGO programming skills.. -

. These fopics tended to follow the traditionai sequence in which a programming language is taught. In

olt, the guide oonsxsied of & list of sixteen ilems which were accompanied With very littie detail.

For example, item one oi the quide which reads: “familiarization with machinery typing, signing <

"on and of{" provides 8 minimum of miormation(Brown 1973 p 7).

All three forms, worksheets prO]ects endcurriculum guides werethe resuitoi esrly

t




" and teechtng_ aids Each one fs reviewed below. -
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4

attempts ot developing methods for introducmg computers: ond programrmng to chtldren using the

LOGO language Much of the developmental work wtth structured contents was reptawd with

experjmentatton with exploratory teerntng environments 8s descrtbed in Pepert s book mnasm:;ms

(see Clements, 1985).
Learning Materials
The ides of developtng and using learning materials in oonjunctton with LOGO appeared in

the early research works of Brown, Howe and Sofomon The learning matertals developed

A)

correspond to the. differenl stages of lesrning to program; pre-—planmng, plenning and
.4

progremmtng, The three major types of learning materials ere idea churts, paper bnd pencit.

4

\ Idep ctmrts were developed as part of the-Syrecus_e proj\ect (Brown, 1973. p. '19).‘Their
;oain goal was to help sti.mulate ldeeset the onset of LOGO acttviti*m.(pra—planning). The ideas for.
the charts wolved,from‘ projects from both the chitdr?n and the teaghers. The chart consisted of
both written ideas {e.g. kite, house, initials) and pictorial idess (eg. dre\;/ings of a heart, fish,
drom). ‘No further information, explicit or implicit, about the projects wes provided with the

chart. '

The use of paper and") pencil ss part of the Ieerniqng material in the LOGO environment in

the early researtch fs dlscuweo roostty at the planning stage. In principle, paper and pencil was

" seen 8 8 useful tool for providing a8 bridge between the original ioee and the actusl prooremmtnq

4

1 activity. Its role in early research is seen as & pi%noi’ﬁﬁ‘t\ol. The Syrecuse group, for example,

designed en actual plenning sheet which was divided into three perts; “my ldeo my plans, how tt_
worked" (Brown, t973: p. 23). The use of notebooks for children to rword their activities is also
suooes‘ted‘in the early research work ( Solomon, 1975: p.' 14). N

Solomon developed teaching sids whoss principle function wes to simplify the actual 100

coe :"Iﬂi:ém:’\

gt
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programming enVirtor{ments. Having observed conceptual difficulties with first graders using the
‘oexisting LOG0 syntax, Solomon developed new primitives (precedurw) which simplified the
- r'eduirements of the programming {ask. The use of "fEACH" to creste a procedure, for example,
automatically savé a procedure efteF it wes defined (Solomon, 1975. p. 6).— Another example of 8
teaching aid developed is Hillel's slewed-;down version of the turtle for which t'he commands FD,

BK,RT, LT are reble’ced with GFD, GBK, TRT, TLT to produce the same effect only et a slower pace.

His rationale was that wnh the slower-paced turtle both its rotehons as well as-the prwess ofa’

program would be made visually more exphcn (HiMel, 1985 p 31 )

’ " It seems that the p1oneer1ng reseerchersoworkmg with LOGO and young children recoghized
quite early in their experience that-there wes a need Jom additional learning materials in the *L0OG0
and microcompetér' envng;nment. Combined experiences from the veripus projects'indicate thet

| there was a necessity for them ot all thel.verying stagds of learning to program'with LOGO i.e.

pre-planning (project ideas), planning and the ectual. ectjvity of grogremming itself. Since the

adaptation of the MIT ‘exploratory learmnﬁ envirenmer_\t gs the pricipal learning environment, -

" httte alténtion has been focused on continuinb the development of lee‘rni'ﬁg malerials despite a'very

probable contineed existing demand for them.

QnmnuleLﬁnmm_nnd_lenq_Inmn

The use of games as teachlng aids for facmtatmg the understandmg of L0GO end s

_sccompanying concepts was adapted into the very early research experlenoes (Brown et el. 1973,

Solomon 1975). Computer games were designed for leerning about computer operahons and

programmmg logic. An example of this type of game is: the child is esked {o take the role of the

b4

computer and the teacher gives the child a computer command. The child's interpretation 01 the
gwen commend reﬂects the child's percephon and u;perstendmg of the computer’'s logw and hence

allows for clarlﬁcahon of emlsconcephon if present (Brown et al, 1973:p. 15).
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" The gam'e"pluyihg turtle’ refers toa game which is used in a similqr vein to 8 eomputer '

game put whicﬁ 'is‘desjgned to be used specifically with Turtle Geometry. Two methods for playing
i_urtle are described by Solomon. They are: 1) |;laying turtie by, pen énd paper, ie. hand
simulation of the turtle ectivity and 2) the child becoming the turtle itself and ecting out its pa&“?’
(anthropomorphizing) (Solomon, 1974. p. 14). Playing turtle hes remained.an important element
in the LOGO learning ,environm\eﬁt.\ Its use as a teaching aid has continued in many LOGO projects.
P:ﬁr e;(amp]e, in the concfusion of the Chiltern project the following I:S noted with repect to plaging
. ~turtle: "(playing turtie is) e very powerﬂ:l aid in helping children to for‘m a mental modsl of the
internal workings of the machine:* (No$s~, 1984: p. 149). :
IHE LEARNING ‘ENVIRONMENTS IN 1000 RFSFARCH
Thi§ section reviews the literature with respect to LO(éO lesrning environments and the
components wl#ch define them \It“ begins with a discusﬁibn on‘L0G0 lesrning environme\nt’s
" themselves and then reviews the followfng aspects thereof: role of LOOGO; teacher)chiid role;
teacher iﬁtervention : teﬁphino strategies; tasks; | prowdureé.
: ‘ g .
A ve}‘y important ﬁart when analyzing a learninﬁ experience is the know—ledg‘;e of the context -
in 'wmch the observed learning takes place. Nucﬁ of the LOGO research has neglected reporting on
‘ this factor. Attention seems {o have been fgcused establishing'the validity of LOGO es & learning tool
by éolt;ly repor:ting 6n the successful projects that were observed. Very" little t;at?ﬂ hes been
provided on the surrwnding-circuﬁlstances leading to the success. Hillel, who defines the lesrning
‘environment’ io include the components "Whlch “Clearly influence the behaviour of chlldré'r')

interacting with LOGO™, stresses the importance of reporting on the det_aiﬂl— of these com poné’nts
{Hilel, 1 9'§S: p. 4). Some of the resesrch reports have fevealed or akprmgd points of view and

.
f
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8fterthoughts.on m: of these components but' a compléte picture of the environment is usually not

~

available in any single report The comuonents which have been discussed and thet are consithred

important for this study are analyzed beluw

The role given io LOGO; although not always stated explicitly, tends 1o be reflected in the type
of rwearcn project underteken. Three roles given to LOGO can be distingutshed in the :mrch. )
These are: 1) LOGO progremming is ltself the ectmty 2) Using LOGO to creat the activity.and' 3)
LOGO programming is ltself the activity but with r&strlctlons Research projects such as the
Brookline end- letern in wh|ch children ‘are given access to all the LOGO features end then

3

observed working on projects are examples where L0OG0 programming has the role of -being the

’ activity itself (Papert et al., 1979, Noss, 1984). Teaching probrammi‘ng and-mathematics through -
LOGO worksheets as designed by the Edmburgﬁ group is an—exemple 1n which LOGO is used to creste

. the ectivity (Howe et 81, 1980). Working with certain features of LOGO0 programming on spec’ific

projects and tasks considered abpropriatg to the age level is an example of LOGO progremming still.

. providing the main activiiy but with the’addition of 'oertain restrictions (Erlwanger, 1985, Hillel V

1985). " : ©

\

4

Both the teacher and the child have been given specific and verying roles in the LOGO

"research‘.»'The role df the {eacher v':hich {ends to be different from the treditional classrcom role

i
l

varies shghtly from ohe LOGO-project to another.’ For example, Solomon who strongly suggests the

ek y
lmprovement of the overall learning env1ronment in generul tries to oonvey the ides of o
."teacher-and-student &s rmrch conaboramrs (Sdlomon 1978: p. 23) The approach used at
Syracuse for the teacher role stressed the idea of guiding a child rather than /to provide direct

answers (Brown et al, 1973 p 11). And Noss in the letern pro;ect describes the teacher role

-

1
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as: “the teacher has a vital, if subtle and delicate role to play in helping children to learn L0OGO"

(Noss, 1984: p. 12). Although new teacher roles have emerged from the research projects, very

" little detail’ by -description or examplés is available on how the role actually took shape. In

describing the obersvations of the children's work, the precise role that the. teacher had wh'ile the

child wes work%ng is not ovailable. This leaves the roles vegue end difficult to implement into o

real classroom situation,

bl

Learning with LOGO and 8 microcomputer hes created environments in whichznew roles for

ihe child as learner have emeryed. In many of The major research projects with LOGQ, the child is

. given much more responsibility in the learnipg activity. The child is often given the role of a

researcher/explorer by using 8 teaching stretegy in which “children pose their own problems and

develop their own epproaches” (Noss, 1984: p. 12).

Although thef}new role has brought much optimism and excitement for educators it does at the-

‘same tiﬁe raise the questiop of how realistic & learning situation is in which children are left with
thf; responsibility of posiné their own problems and setting their own goals. In an initisl study
with LOGO, Hillel observes that children changed their goals 8s a way {0 al:oid deah‘nq with errors.
Hillel suggests that this frequent change of goal can become an obstacle to learning and th’at perhaps
8 more balanéed epprosch between exploratory end boal oriented activit:;s would be more
productive (Hillel, 1985: p. 14, 31). |
)
Teacher Interveption
_ Tescher intervention ha';: become a very important component in a LOGO learning
envimgﬁent because othe often passive yet strategic role the tescher is assigned. Too often,
thou-gh, the réearch provides little d&egription or record of the actusl intervention that has taken

plece in an oberved learning situation.{ see for example Brookeline Project, 1978). Al least two

strategies from teacher intervention can be extracted from the information provided in" the .

ar

-
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research projects. These ere: 1) using jntervention as the meens of teaching and 2) using
intervention es 8 oon’teol tnechanism on the learning activity. -7

In the case of the first strategy, using intervention.as the means of teaching, the situation
observed ié.one in which the teacher's interventions are .of 'the following.type- suggesting 8 new
idea, rev1ewmg work already done helpmg a child ptan a project (Noss, 1984: p. 150). These
types of mtervention even though tntended 10 be 8s discreet es possible, are similer to traditional

teaching activities although on @ more individual basis. In the case of the seoond strategy, using

intervention as a control mechanism on the learning activities, the situation observed is one in

" which the teacher interventions are pre-defined to meet a specific goal(s) regerding the learning

activities themselves. 'tr)is use of intervention wés defined by Hillel and included such ‘goals as
"(achieejng) 8 balance, between exploratory activity and goal-oriented scitivity™ and ™ & balance
between planning-in-action and pre-planning” (Hillal, 1985: p. 31).

Describing and deﬁning intert/ention is a very important element in any LOGO learning
e:vtronment but just as t portant is detailed reporting on the ectus! interventions that were .
present in the learming e menceé )Tms type of reporting prowdes a clearer picture of the

context in which an actmtk' is observed and in turn allows for 8 more detailed snalysis of the

observations made.

Tv;u very-global strategies for teachind LOGO can be identified from the research. In the first

) -
strategy the LOGO concepts ere teught in a predetermined order according 9/81 overall
[ * /

developmental plen. In the other the concepts are tsught in the order “determined by the

requirements of the project or task at hand _This strategy tends to be charocterfsttc .of

: pro;ect -oriented LOOO learning envtronments i which children work on projects end ere tauqht

LOGO concepts as they become required (Brookline Project( 1979), .
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Chiltern Project (1984)). Teaching LOGO in en apdered-Sequence corresponds to the situstion in
which LOGO programmtnd concepts are taught in a hierarchical progression often sirhiler to that
used for#other programmtng lenguagw " This teaching strategy tends to be characteristic of

?

curriculum-based LOGO Ieermng env1ronments in which chtldren learn LOGO syntax and semantics
in @ progressive eequance(Brown et al., 1973). a

Regardiess of the teaching strategy betng@pplted the general tendency is to begtn teaching
LOGO wth the four basic primitives FD, BK, RT, LT, which is then foilowed by an mtroducttggg_to the

LOGO syntax for procedures. Usually what follows thereafter varies shghtly from one research

pro;ect to the other In general, the introduction to L0GO progremmlng tends tg be at a relatively

—

fast pece (see Abeleon 1982). . Introducing L0 in th1¥ manner may perhaps be successfull for

teaching LOGO progr‘errimmg sKills. However qutte often relatwely sophisticated concepts underhe

. many of the programming features. For example, with young children, the syntax for the command-

REPEAT can be grasped with re]ative ease,However, unaerstending exactly what is beihg repeetect ,

in what order and how meny times may hot be so evident. Depending on the teechihg eoals, the‘
order in which LOGO progremming eoncepts are taught as well as the pace should‘perhaps be‘
considered more caréfully.

LOO0 Tasks

- . -

Designing, aQalysmg, end 1mptementmg LOGO tasks to meet specmc au]ectwes

( prooramming and/or mathemehcal) does not gppear in the LOGO learning envuronments 65

+

described in the research. Tasks have been used as part of the learning environment but rather 8s 8

- means of dtemonstrating a particular concept. Hiltel, for/exemple, used tasks to demonstrate the

modularity of the geometric product of &.procedure in Turtle Geometry (Hillel, 198S: p. 32).

a

* However, the use of de$igned.LOGO tasks as a mesns of providing e situation ih which very specific

and sequential methamatjeel and programming concepts are encounered as part of the learning

-
> -i
N .
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environment hes not been emphesized.

\:000 learning activities have, in general, been more conéentréted on LOGG projects }alher.
than tesks. These projects, although sometimes classified with respé&t to their dedrée of difficulty
" are more often viewed with respect o their degree .of learniné experience e.g sub—.prooedures,
recursion etc. This learning experience although potentially very rich bec;Jmes one in which it i§
very difficult to identify and control its contents. This can result both in tescher frustratlo;l

\ N
because it is not clear what execlty is being learnt and in_child frustretion as a pre-required

concept may not yel te present in the child's exis\ting know ledge structure.
s The distinctipn between the process and the prodt.Jc)t\of 8 LOOO’procedu‘re. hes been well
documented in the LOGO research. The Brookline project clearly recogmized the difference betweep
a procedure's "interrial constraints (process logic)" and “external properties (product logic)”
(Papert et al., 1979 p. 4.5). These two cheracteristics of & procedure play 8 very importsnt role
in any LOGO learmng environment. Observatlons from the various research studies done with LOGO ‘
stress the importance of the need for children ito understand*not only the procedure/product
relationship but also the process underlying & given procedure. The Chiltern project, for example,
concludes that “it has appeared that the obstacle to effective use of- the id;a (of o.prooedurfe) hag
been & failure to see the under lying process involved in it * (Nogs 1984:p 147). ‘

With respect to this use of procedurestand from & slightly different perspectwe Hillel
recognizes thet -"since procedures actually describe a process of consiruction, they are not uniquely
de(ined \by the object” - ( Hillel, 1985: p. 17)' ie., althoggh two prowdure products mey look
‘identical the processes used o produce the effect mey be quite distingt, He comments.

further that the possible veriatjons in the process of eonstruction o 8 procedure

.
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essocieted with using that procedure in the maklng of other oonstructlons (Hl]kﬂ IQES p.17).

! ) wil] affect the degree of difficulty

Providing a LOGO learning envnronment which fa:ﬂrtetes the learning of the process/product
dlstmchon of a procedure seems crumal for the learmno of L000 and more fundamentally the

learmng of progremming concepts. Furthermore, and perhaps et the next learmng level is the

4

importance for children ot a relatively early stege of tearning to progrem to experience situations

" in which different processes resulting in the seme product can” be explored. Procedures are not

\

3\

only 8 key to programming in LOGO they are also 8 key to understanding the concept of a program

q

| This sectinn reviews the prngramming and mathematical - concepts wh'icn have been
encountered by c_hildr;:n in the various LOGO research prnj;acts. The focus is on thnse concepts
w\hich‘are relevant to the Ieanning enyironment d&ejgﬁed in this study for gﬁade.four children
(9-10 years old). Although di’fferent«' envi’ronments may have promoted or aocentuatea different

. v |
aspects of LOGO, the aim of this review is to summarize the global ideas discussed in the research.

v o “

s . R
Programming Concepts .
,

%

The programming concepts generally associated with the early stages of learning LOGO are:

command, procedure, functional naming, interfacing, debugging and modularity. Each one is
discussed below. '
Commands b @

The first commandstsught in LOGO are usually basic commands which control the turtie ( Fp,
BK, RT, LP). Two concepts funggmental to programming underlie this very basic pr:ogramming

function. These are i) that the command itselfhas a very specific structure and ii) each command

. *

<
.\ 4
.
5

)
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results in an action particuler to thet commend The Brookline project recognizes that with fespect
to usirig oomman&s that “it may requjre some time to 'develop 8 pu;‘poseful sense of deliberatly
controlhngthe turtle by perticular eommands” (Papert et al, 1979 p. 4.2).- In the case of \’lery

young children, these idess although very basm to LOGO programming pen/ easily fall sub)ect to .

. being overlooked or underestimated in terms of time required to grasp the associated concepts

Procedure

1
-

In addition 1o the product/process idea of 8 procedure , from 8 progremming point of view,

procedures also have an internal and external component. The internal componeni is the sequentie!

' a@r implied by e procedure’s definition. ie. Once defined 8 pmxé;e will always do the same

thing. The external component of a procedure is its command befigviour i.e once defined 8

procedure is used in the same. way 8s 8 command/primitive. These internal end external

- ¢
components are what the Brookline project refer to as “deveioping the' hotion of 8 prooedure &s an

entity” (bapem et al., 1979. p. 4.2) . They are crucial to unde}‘stending procedures from 8

progremming point of view and are encountered with the very ﬂtjét experiences of defining and

, > usmo prpcedures. Altt)pugh this is 8 subtlety with respect toﬁﬁf‘pmg about and using procedures,

it is & very important gspect of them and the research in general hes not focused on observatlons of
“ . ’ coo
children's ease or difficulties with it.

Eunctional Naming x . T

Functional naming of procedures althouqh less significant in early stages of ﬁroﬁramming‘
is nonetheless an important programming coneept Noss, for example observes that “the names of
children's eor/ly procedures usually bore no relation t ir effecl“ and comments that the -
children’s nt;mes and initials were oﬂen.popular bhqicés (Noss, 1984: p. 18). Although naming.
prqoe_dur;s in this mapner does have effecti've‘_bgnefits, functional naming can essily be
demonstrated which ‘later can bMe a very useful and powerful itﬂa-in my\prou‘t‘:mmirp :

]
/

-

' - —
N f .

\ { " N \(..'
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Al

In"eerly $tages of programming, the interface between‘ two procedures usually'consis/ts of

.

adjusting the turtie's heading and/or position. Two steps are requi_red for interfacing The first is -

that ‘of r'ecognizing that an intefface is required. i.e. Rwognizing that the turtle's heading and/or

~ position needs to be changed. The second step Tnvolves finding the appropriste inputs for the length

end/or angle so that the turtle’s position and heading is correct for & successful interface. Hi}lel
identifies that for cnildren this second step is often.where thedifficulty lies (Hiliel, 1985: p.15).
Debugging :

. . ‘,‘\ K
Debugging is an important pért of eny programming experience. Generally what is

rd

referred to by the lerm debugging is the‘ location and correction of an error in-8 program. - With )

respect -to LOQO/Tur{le Geometry environments correction of errors have been analyzed with

[

~respect to first of all evmdmg them allogether i.e. use.of Clear Screen or startmg over. Gther

debugging sirategies observed with children include: 1) Using the direct inverse of a commend te.

retqrn the tunfﬁe to the exact state it had before th®error was made. ii) ,"Adjusting for the error
direct’ly" i.e. position the turtie directly to the state originally desired before the error wee made.
§i'i) Playing turtle: (See Hiliel, 1985: p. 28.) Debugging is seen as & very important element of -

the LOGO experience 8s it provides an opportunity for errors to be encountered in a positive context

) thet is significantly different from the traditional cTassrpom  approech. P
l:lndulanm

S , :
~Because *0004‘3 8 procedural languege, modulerity- is an importent concept inherent in it.

"The eimplest form of modulerity is the modulerity of the product of & procedure itself. A classic

example of this is Lsing a procedure which nrbduc& a square to meke 8 diamond. With respect to
' . > : ,
learning modulerity, the ressarch seems to suggest that children’s difficulties with it can be related

4
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~

to the perception of & problem. Noss, f_or'" xample, observed with one group of children who had

< P -
just burlt several different sized rectangles thet when asked to build e tower (constructed with

rectangles) the children sugges‘ted an outline strategy i.e. to draw the outline of the tower asu

opposed to stacklﬁg the rectangles Because s0 many siralegies to solving a problem in LOGO e}e

~ possible, the concept of-modu]arity' need never be encountered However, it isa ver); powerfull' idea

. r
in LOGO and general problem solving that should be fostered in the learning environment
Mathematical Concepts

LOGO heg, been promoted oy Papert 8s 8 powerful tool for learning mathematics. Different

research studies have concentreted on dufférent'aspects of the math related experiences. The

* Chiltern project, for example, analyzed the children's LOGO ectivities with respect to very globel

L)

' mathematice] concepts such es generalisation, particularisation and conjecture (Noss, 1984 p.

148). The tirookhne project analyzed the LOGO envirdnment v;ith respect tp many geometrical and ‘

mathematical 1deas: These include modularity, coordinate systems number worlds end group

properties of numbers (composmon and inversion) (Papert et al., 1979, chapter S5) A more
/‘-’

detailed study by H1lleLfocuses on mathemahcal concepts which were present for children who
were novice, LOGO users (Hillel, 1985). His ideas of spontanegus concepts’ and other theorems
emerging from the L0OOO activity are discussed 1n greater aetail below. Although there_ is a general
conﬁer;sus that LOGO is very rich in terms of math reléted concepts, by no mean:; all of these have
yet been identified and spelled out clearly. .Ongoirlg re;earch loday should continue to observe and

identify c&ildrén‘s mathematical behaviours.
E l - I . [ cl 0] I [} tl ll I . ] B I 3 - I l ] a I '

in his study, Hillel observed children's behaviours with respect to displacement and
|

RS

rotstion. He ldenhﬁes what hecalls three spontaneous concepts These are: 1) thet outputs vary L@

directly with inputs, so larger ihputs will produce larger effects i) that two successive

&

{
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'displacements (rotations) is o displecemént  retation) iii) displacement FD X, FDY is longer then

" disptecement FD X I.é, FOX,FDY > FD X and FD X BKY<FDX and analogously for rotations

‘ (Hillel. 1985: p. 23). Other theorems emerging from the. LOGO ectivities are with respect to o

N

relatwe measure, additive meesure subtgﬂ}we and proportlonal measdre. These are theorems i)

- to iv) in the report. Theynreglven below: : . o
1) réletive"meaSUre - "‘x <Y =R|FDX] ¢ iFD Y|
. - o v X<Y<>|RTX|<|RTY|
i) edditive measure IFDX FD Y| = IFD{X +Y)]
’ IRTX,RT Y] = JRT (X + Y)I
ifi) . subtrective measure " IFDX,BK Y| IFD(X VY X

i n

» C T RTXAT YI IRT(X- V)| Y <X
iv) . proportional messure . - 'IFD(rX)I = rlFDX|
° o IRT(rX)] =

rIRTX|
The for'mahzatlon of these mathematnca] ideas encountered in Turtle Geometry provides 8

more precise pomt of referenoe wmch can be USed for mterpretmg ch;ldrens methemahcel

behaviours.
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- more in—depth observations of the children as well as the teaching process ftself.

-

| This chapter consists of tWO sections The first describes the methodology of the stuoy end'
-~ the mnd the research prmdure |

] S

B

This study is in the form of a teaching experiment aimed at developing a LOGO environmént.

through which the math and programming behaviours of 'grade four children working in it can be

observed. The orgem‘zetion of this Turtle Geometry LOGO environment is deliberately designed 0 - -

that certain mathematical and programming concepts and skills are Qresent The underlying

assumptioh is that programming geometric tesks m a procedure based LOGO environment should . .
'provide opportumties ior the chiidren to acquire and use corresponding mathematicel concepts , '
. Using the teaching experiment model [Kantowski, 1979] allows for ongoing changes to be made fn

- the environment. The clinical approach [Ginsburg, 19811 is used throughout the study to permit

The environment consists of three main components the children the teacher ond learning

mater fals. An overall design strategy is uw to organize these three components into 8 dynamic .
LOGO ieerning environment The design strategy stems from LOGO/Turtie Geometry and includes
'operetionel definitions, aesumptions end design features.. Eech aspect of the dasign strategy is

“discussed below.

. Page 24
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S T ' ) LOGOITuctleOeom‘atm g ‘.
S Operational e S Assumptions ————9 Design Features A “\
o  Definitions . . 3
L B T - > Procedure.basqd learmngenvlronment
: | ". . " T Children «> Tea?:)hem—p. Léarnlng Materials
- X N . b o ot L SR
OPERATIONAL DEFINITIONS

Some common techinical terms/jargon related to LOGO are given operational definitions ~

. » « n .
e .
“s. » Lot .- i !
N f

that ere congruent with the design features of this environment. These are:

. . . . _
[N N . : . . \
P .
oL . . . , .
. : . s . .
i - * [N '
. N ki ‘

X v o B This environment hastwo types of programming copcepts: {those related specifipally to

/Q Turtle Geometry and those which are global to prografnming. Thesé include:: .

o
. « -

turtle T Y- . commands

1 . position/heading o , - “control

N turning ’ ; procedures
KO ‘ a pen (with an eraser) : . functional haming
Ty T ~ non-stete/stete trensparency - interfacing
VA S ‘ debugging
T e T ’ N . . modularity
e e T - e _ N repeatedoeourence '
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Mathomaticol Concopts: . : AP PRAL
d N " - ' * v .

As this environment 1sdeslgned for grade. four children, the mathematleel/oaometrtoel e

ooncepts'wmch are focused on include:

N . '. "-. ~ A
- “number T

. . . angle L8
R . inverse

- proportion o
estimation® - .
rigid transformation

Josk:

» A task 1n this environment is defined via & visual ‘geometric construction, & written- )

- 7 LA

_ fstructionor acombinationofthetwo - L

-~

‘ Use LINESO to draw:

WPea procedure todraw - o ' -
a line SO turtlesteps long . v

‘ written ) Combination of (4} & (it) S
(1 N . e
. (’ N . . , . 3

‘ - - hl » .
) 1
, A A .
- . -

-L0GO Pracedures in this environment for graﬂe-fomj chﬂ&en represent sir;wle oqen“'

geometr ic shepes. _’ ‘ . N - B

N . N r Yoy ) ' R ) . . .;'
. EM' . . Etm—g ‘ ' . ) ‘ N “ . . ~ ,
‘. . L . . . N M . + 3
' LINESO > Iso S

- K . EL2040° — 20 o
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Nom F.L for the lelte‘r "L" hes been adopted for oescrlblno open geometric shapes
consisting of two unequel llneslolnad ateright angle The numbers where follow {

L]

give the lengths of each of these lines. .(Erlwanger. 1985) -

N »
,
h N — rd
- . ’ [
Non-state transparent: .

A non-state transparent LOGO procedure is one in whlch the final state of . the turtle is

. diferent from its or fginel slale | - .

. . end - R |
bemple L —> LINESO ”
‘ Sy gt
; P - ster
N ,"@ ~ . w7
N N . e
A state-transparent LOGO procedure is one in which the turtle elweys-retpl'ns.lo its original .
. = L . , > N . . : )
state : : ) )>‘
- Domple A “Ling60 B startend 4 T
3 - N ."‘.

A dlstlnctlon is made ln thls stquetween the] peroeptuel end the conceptual understandlngs - h
of a L0060 procedure: The mml underslendlng of 3 Loeo proeedure ls the sbility to associate 8 |
. plcture mwun e nome of 8 pertlcular procedure (see ﬁoure 1). Thls seems to raqulre little
) ‘ | or no kno\yleoge of the m‘bthemmleel end progremming eoneepts related to the oroobyure end its

-

. ‘
© - . use. .t C o A . . . »
B v ° . N -’ 7

'_\ - . s *
-~ . t ’ oL . "
. : , . .
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(product) (L0G0 procedure name)
’ figure'1

4

In-contrast the dqnbgptual'understanding of & LOGO procedure is the ability .to -deﬂne.

interpret and use a LOGO procedure. It requires know ledge of the ectual process of 8 procedure.

* " This involves understanding (1) the effect of each command on the turtle in a LOGO procedure and
. (i) the sequence of commands required to achieve the deéireq effect, Consequently, 8 conceptual -
> ‘ ; ' o o
understanding of a procedure requires knpwledge of mathematical- end programming concepts
I 4 . . ? A
- consistent with the demends of that procedure and its use,
C ‘ , A
. Perceptusl . - Conceptys!
» <. Produt ' ©. . Proces
- R . Math/Geom " - -Programming
SQUARE = "o . 4sides ‘ "« turtleadvanced -
. . - . equal lengths . then turns
. < : , : angle; turns 90° . . turtie state
' 1
- . 4 _\l
Program: g - - o , : : ;
The term "progragl "in tﬁis study is & sequence of commands, or/ commands and LOGO ‘ p
' o procedures, that are required to execute a given tesk.
. Example  Use LINESO todrow: - Exempleof Progrom; ~ RT 90
- : : . LINESO
‘ ©A ‘ Co o LINESO
Lo S _— L . LT90
L LINESO .
. ‘\ - (*' A
-~ . . ";
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’Y" “ The-type of interfacing used for. thls study fs that of o oommand with a LOGO procedure
- - .
". Examples: RT 90 £EL2040
ELgOﬂO RT 90 . -

EL2040

In both these examples, RT 90 is the interface.

- Paper & pencil materfals used by the children, include; workbooks ;.homework books and: - ‘

homework sheets R , R
. The concrete materials used by the children include A (40 X 40 cm) wooden boerd
representing the screen; small foam rubber triangles ( A ) coloured et one tip representing the

turtle; wooden popsicle sticks cut into different lengths used to represent procedures or to mode!

am—
-

| ,. tasks. .
- . "Computer (C): « ? ’
, The computer used in this study is ernApple lle which has been booted with LOGO H prior to

/

"\

thecmidrensorrivel L ,

| The design features used in the creation of this environment are bwed on the following

/

, aesumptlons

l Turtle’ Geometry involves the use of metnematicél and prooremm‘lng concepts and skills.
,° R \\ ) Thus inthe ottempt of writing a prqrem todraw o square thereare opportunities for one to

use &8s well as beoome awere of different methematloel propecups related to that square. -
‘ Yoo ~ ’ ¢ . '
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-

2. One con distinguish in Turtle Geometry between the process and the product ‘of a LOGO
‘ ] prooedure For instance, given aL0oo0 prooedure for drawing & square the process 18 in the
effect.of the sequence of commands while the product is in the picture that can be displayed

on the screen. . - ,

e

3.  The mathematical and programming concepts related to a pr‘wedure lie in the duel prm -

of co;lstructlnq a; well as using li. For instgnog the activity of drawing ,JJJ— .

using ™ esa building block involves: . ﬂ

a) Wrbiting the LOG0 procedure todraw [~ using pft{gramming concepts in f:onjunction
with corresponding mathematical /geometrical properties of T to decide on the

| (] - . v
commands, their sequence and their inputs.

b) Using the LOGO procedure for ™t write the program to draw:the rrrr by
correctly mterfacing the LOGO procedm with itse]f
4. ' A) The exphclt use of progromelng concepls in Turtle Geometry may require the implicit
| use of mathématical,«:,oncepts. ‘ ‘ |
B‘) 1t is possible to des?m oeomeu:ic tasks in LOGQ éppropriate for grade four children that - -

involve selec,(ed mathematical ab'd programming concepts.

The design featum are the specmc mechanisms for creetinq the learninq environment.

These include: procedure—besad environment designed tasks teaching stralew, roles. Each of

}

these features is described below:

¢

" The gen'aral,(bsign strategy i8 to creste o ‘leu'ning"environment in which the
-, Y - ’g‘ ~
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\ process/product /idea of a L0GO procedure playéafundamental r\(;ﬁl. Cons;equ;antly, it is'described
&s a procedure-based environmfent with several characteristics. (Erlwanger, 1985). It
distinodishes clearly bétween:»using commands to MOYE the turtle on the scr;en and using v
mtgggo M;uh the_turtle on the srireen. This distinction inhibits a child (userl) from .

" using commands in direct mode to draw;geometrlc”shepes In & sense, this feature forces the child
to focus more on the process of a procedure than on its product. This feature 1s gf?t;wgthened
further by the omission of the HOME command in the LOGO environment. The HOME command fends

{o give novice users opportun*_'tigs to obtain a product for which the process is not necessarily

understood. The table below sum marizes the restrictions due to this distinction (i

a
1 .
,

- FD AEEN . %
MOVE:. COMMAND —> PY o PUFD 60
- ’A
, « BK s
| S0 E o *
| /’ : . TOLINE6O
' DRAW:'  PROCEDURE.—>PD LINE6O PDFD 60
\5 Ty . END
" .

;

It 1s.worth noting that althougn'PD FD 60 and LiNE 60 boti1 give the same product, there Is

an im portant pedagogical diﬁerence miated wﬂh their use. If the goal is to obtain only the ~

product then PD FD 60 1s a shorter and 8 more dtrect way However if the goal is to learn the
mathematicsl and programminq concepts associated with a process then the use of a procedure (in

tmsleN%O)lsnemry o Lo
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. . ‘ . . " .
' Tasks in this envirohment are designed to meet specific proqrammlng ond mathetgatleal
objectives This is achieved through:- ‘

5 ¥
o , (b) (c) .
. :;J . ‘ B ——-——-D
- v ' . . A e \l
o . o) . . .
. A . ; ;. *f
S | figure2 e

D

. 1) . Thetesk includinq a Lwo procedure( s) to omphosizo both the product end .

* process related to tho uss of that procadure

" For example, given 8 task to drew a horizontal line witt} a procedure some vertical and
hor izonta! distance dway from the origin (see figure 2).

. \ ’
a) Choosing a path and moving the turtle with its pen up a vertical and hori2onal distance.

N . — A . .
b) Knov&l'egga of & procedure neme and the produgt-it produces. e A procedure called

LINESO producing | . o . o

* ¢) Correctly positioning the turtle at (b)-to interface it with the procedure. This requires
know ledge of the process of the prodcedure to be used. e.g. “does thq’ procedure begin with

a turn or doesit begin by drawing forwisrd?
I 2 . -

fire 3~ - o




2)

" focus on the process.
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"The structure of .tho prooodurror’lontod toslcs hoviog . oxplictt
requjrements which fo'cus' on its product and implicit ro‘qulremontsa_whlch
_ The following is an example of a task from session S which involves the use of 8 straight
line procedure to produce the task shown in ﬂgure 3 This tesk was the fifth task ‘given to
the children that involved moving the turtle and drewing with a LINE procedurg lt was the
ﬂrct task wmch involved drawing more than one line on the screen at the same ttme

Although the structure looks relatively simple it actually requires new programming and”

athemettcel concepts wmch had not previously been encountered by the children in this

—-—

“ envtronment These are t&mnq the turtle through 180 degrees or using BK and oentermg a

p—

line between two others. The requwremens of the,task can be analyzed as follows.
i) Movtng the turtle (1 e. PV FD PUBK) s
i) Drewing wtth the turtle using a procedure - -
. itt ) Turning the turtle through 180 degrees.
iv)  orusingBK. .
V) Turning the turtle throu.gh 90 degrees

vi)"  Backtrecking (ie. the turtle isrequired to retrace a pert of its path)

. e

1) . Jpet the distance from the vertical ltne and the horizontal line on the right be
| the same os the distance from the vertical Hne to the horizontal line on the left.
It)‘ The turtle needs to retrace its path on the horizontal lineywhich.requires that
. the distence between the vertical and horizontal line be dgubled or repeated

¢

twtce.' ie.



b+28+b
b -t or bra+a+d !
) .

Using 'structured' and "semi-structured’ tasks. (A structured task Is a

task which has one and only one precise 'so]uliolp and a semf-structured

'\iask has many possible solutions. ° ) ’
Py ‘ - M
An examplg of each type 13 given below with & description of the sugzgl,solution(s)
related to each task. o L . :
Use LINE3O to drefv. .. Sueoessful Solution. i
= N - PU FD 60
N ' E - . RT 90
B s PUFD 40 -
—66- | . LINE30
| . * R
AS |
¢ . " - | \‘ ~-
“Use your LINE2S or LINESO procedures to do the following:
/ ) n B e -4 .
" ,
\

ek

. .
ﬁ};’é&‘»
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3

Successfyl Solution' There ore mony possible suwessful eolutions. They will be . ~

{

dependeni on the choice of path, distances and lengih One exampie is

RT90 -

PUFD2S © .
« , T80 -

5 - . ' . PUFDSO

. Amomn i ' RT 90

3 I LINE2S

EY

s viorih ndiino the ’ped;agogicoi diffenenoes ’b\eiween o structured and o
semi-structured task. The sinmgm_m creates a situation tn which specific objectives
can be mei This-can be very useful for. introducing a new programming or maihemaiioe]
A , conoepi eg. In exampie A above for siructured tasks the informaiion given with the tosk
_‘expliciily demonsiraies 8 path for MOYING the iuriie ond the choice of inputs for the
. verticei and horizontal distances Impiicitiy itdemonstrates proportionahty
" The sgmj_s_imﬁur_eﬂiesk creates a situation in which objeciives ihai are more globdl io"
a concept can be enoountered e.g. In example B the child is required to choose and indioaie a
. poin and the desired distances and iengihs. The restriction on the choice of proceduyes. ie.
LIi~iE25 ‘or LINESO, implicitly requires an appropriate choice . for the distances for - \
proportionality 1 be present, e 25, 50, 25 or 50, 100, 50. | "
4) Using a built-in hierarchy ina series of tasks to_deveiop ‘ja‘ prooremmi‘ng.
) X snd/or mathematical concept. ‘ |
| 4 . This design strategy is present thnoughout ihe—teeching 'exoerirnent“ Its purpose is
| tyloioid. From theapoiﬁf of view of the learner it provides an oo’po[iunity for newly acquired |
| concepts and skills to be used in vei'ied situations. Form thepoinf-‘of viewof the teacher it

- . AN
i ' ,

—m
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,draw The programming concepts being developed include: i) choosing a path, lt) changing the

e Pae 36

o ’ A H ' - .
provides an opportunity to obserVe the learners using these acquired concepts and skills and

evaluate the lear ners understanding
" ‘ :

Example: - (.from"seséion 4) '
‘Use the LINE30 or Li‘NEGO p‘rocedure todrow: o ‘ . T

(c) ) L

ThlS series of tasks involves moving theturtle toa desn‘ed state and using a procedure to

turtle position and heading, iii) varying the order of the change in the position and heading. A, e

} change position then heading, change heading then position, ,iv) interfecing. The mathematica)

concepts being developed include i) proportionality of distance and length i) using different

quadrants on the screen, ifi) use of a 180 degree rotation or BK, iv) in task (d) crossing over

two quadrants and mak ing the appropr iate position/length edjustment ‘ o S

The teaching strategy for this environment lnvolvee iive elements toacher chi dren.

tasks materials and homework Each of iheae elements is discueeed below .

Toacher: ' The teacher is the creator of this particular procedure-bwed learning environment

" in which grade four children are expected to enoounler sultable learning axperiences

-(.-l-
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8 .
Children: The experiment which involves designlng'ooncrete'materials uses 9 - 10 ysar
old cmldr'en"who are in the concrete operational stége of development (Ginsbuyg, 1968) T;ue
children are the subjects under study and in order 1o evaluste the effest of this particulag, learning ‘
environment tﬁey should have no previous experience with LOGO. The chﬂdgen are grouped in
pairs o;s,tms 15 8 convenient small working group for ajn experiment
Jasks: The tas‘ks are geometric products. The goal is(o recréz':tey each product by using LOGO
procedures. Consequeﬁtly a lask provides a‘.prec}sg goal for which the associaled process 1o
achieve it involves certain programming and mathematical concepts that are approbriate fora9 - .

o

10 year old.

—_—

HMoterials: Several types of materials are present in the environment. in order to focus on the

. process required by a tesk, p_nner_md_ngn;ﬂa'ctiviti&s ere used for detailed planning of a solution

for the task, To fecilitate the understanding of what is beingﬁasked in 8 task, concrete

manipylattves are used to construct a model task. Finally, in order not to eliminate the planning

»

stage b'y working 1n direct mode, the computer is used as a checking and feédback device.

°

»

’ Homework: Homework is given to the chidren in order to provide some continuity between the\

_actual session and an opportunity for the cfﬂldren to work individually. (i.e. withqut their

partner.)

Roles: Each of the three main components (teacher, children, materials) have specific and
chenging roles creating a Wnom;c:element in the learning environment. Each of these roles is

described on the following page.

3
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[ Participating
Observer

MML Demonstrator
—/ Y\
: Participating
Child - Observer <€

s

N L7

— | Experimentor

The diagrarﬁ above represents the various roles of both the ;eaéhe( and the child and _hovi

these roles interect with one another. Both can chamge their roles to correspond with 'the“

immediacies of the learning environment. The change is therefore sponganeo(is ond free flowing .

During the time that the teacher is playing the role of a demonstrator, the child 1s acting as 8

participating observer. At all other times, the child is the experimenter and the teacher can move

in and out of any of thé other four teacher roles (provoker, guide, facilitator, participeting

observer). These various roles permit a dynamic interaction between the teacher and the ¢hild to

A Y

occur
Materials
" Paper and Pencil
Visual Planning
Goal Programming

. Goal

Steps to Read

& | T
. : Computer

Program
instructions

\ Visual -
feedback

—

-

Ay

Concrete Manipulative

"Model of
Visual Go_al

Understanding,,
(process)
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The three types of moteriols used in the leorning environment each correspond to a stege in
solvinoe task, 1.e. paper and pencil: planning, ooncrete menipuletives mmmmm eomputer:
‘y_tml_mm The wectivity oi solvinq 8 task in the environment requires understanding,
planning, checking ‘end depending on the outcome a possible return to understanding or planning:
and through the cycle again until the task is eolved.. Going through these stages for soliring a task
results in a corresponding d,\/nern' ism between the material used in the leern'ing_environrnent.
i R
‘ \ The atm of this stddy is to enalyse two thinos .in the learning en\rironment: 'i/vhet were the
specif ic pro_gremming and mathematical concepts present and the children's behaviours in
) learning and using them. This involves 8 detailed analysis of each lteek to identify its precise
structure and requirements followed by'a detailed enelysis of each pa_ir of children working to.

solve the task.

Task Analysis

' Each tesk is analyzed under five calegor ies: noture structure, requirement(s),

sumssful solution and key teacher intervention(s) Themmmmmgis nweesary in
order to identify the context 1n which it is presented. The expiicit and implicit s_t_[yp_mLe_oj_tng

mlg is required in order to be able to eocureteiy determine ell of the programming and

methemetics that will be required to do the task. The mLmu_iLemm 8lso explicit and

. “implicit are listed to determine precisely what the children are required to do in-attempting the

tesk The; or an example of, 8 W_mm is provided to demonstrete how the solutlon

.

looks “And finelly. key tmhguntemmm;ve identiiied to 8id and clarify the cnildren s

* behaviour workinq with the task.

- b
.
'
, . ;
f
f : -
L
‘ 7
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Analysis of the Children's Behavioyr ' S | S .

As this study is ; teaching experi/rnen}, the type of ‘analysis of the children's beﬁaviour is' ' -
qualitative. In order to cepture es much of the behaviour as possible three things aré used in the \ |
final enalysis: The workbaoks, work§haets\and homework sheet’s which contained the children's
. plenning stages; 8 video tc;pe which recordéd the computer screén and tﬁe pral content for each

session; & dribble file of the progremm1ng sequence typed into the computgr-also for eech session. ‘ T '

S CTION 2 - RESEARCH PROCEDU

“ -

This section deals with the research procedura used in se1echng the chndren the workmq
arrangements in the study, the organization and methods used in the LOOO sessions, The collecuon
‘ _of data and,the procedures used for the anlaysis of the task and the children’s behakur working f L

the the environment. : _ ) ._ . N

Selection vf the Children ‘
Six children }wo females and four males, part\mpated in the stuw The chlidren were
between the ages of  and 10 years old and attended a grade four class at St Ignatius of Layola (a :
T public) primary school, loceted in close proximity to the Layolg campus of Concardia University.' ) |
A list of interested candidates was compiled b;sed on the response to a }etter that wes ser;t to each .
grede four “pa.rent (see Appendii 1).. From the'list, six children were randomly selected snd - .

paired based on their avatiablity to attend the sessions after school .@ one pf the thraejgiven'déys

-r

(Tuesdey, Wednesduj, Thursday); : . : - - . -
‘ ‘ ® " B B . : ' A
- * ’ a .' ﬂn[kinn ﬁc['nmm‘ gnla ' - —
| The study was conducted during the, months of October through- Decemiber, 1985. The
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sessions were held after school beginning at 3.45 p.m. end lestfng Yor one end-a quarter hours.
Appeﬁdix | below shows the attendance record-of each pair of children for the twelve sessions.

The study took plecs at the university in a small office in the mathematics department. Upon

, entering the room, ‘on the left hand side there wasé large open shelving unit and a desk with two

long and nerrow sw above it. On the right hand side wes a long table which held an Apple lle

computer and reoor?ﬁ’ng equipment a small stend-up green chalkboard and 8 filing cabinet In all

L
1y g

there were three stools on wheels. -

rv—

Tfie desk on the left hand side of the room was used for the paper and pencﬂ and cancrete
menipulative activities and the table on the right hand side (opposnte) of the room was used for the
computer activities (see diagrem below). The stools were moved back & forth by the children and

the researcher to the sppropriate side of the room.

.

/. T

S

y/

The following equipment wes used fds:' recording/observing the children's work: (i) s VCR  ~ ‘

(Bets) recorder for reeor&tng the conversations and the computer sereen during the ses;sior{' ;i_ﬂ)
dribble files of the computer work of each seésiqn; (iii} the children's workbooks, worksheets and
homework books and homework sheetss , ‘ |

. . :

¢
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13 - v .
. s o
Plonning of the Sessions - ' ) )
’ <
P 4 "
s .

tach session was plenned by the researcher at the beginning of the week. This involved the

. ’ [
* following sequence of stages: 1) review previous session(s); 2) set the objectives; 3) choose

the procedure(s) and design a series of task that meet the objective; %) prepare the psper and

pencil, and concrete manipulatives that mey be required by the tasks -

.
,
4, -

Following the.planning-of the session the materisls were prepared' This tnvolved a)
constructing (when nwessory) the mantpuietlves 1o be uwo in the session end select from eny
existing ones; b) preoartng the cthren ] workbook§ ehd/or worksheets and homework books or

homework sheets; ¢) setting up the dribble files on each group’s otskette

Organization of a Session

L3

.Each session followed a similar structure In general, a session was organized around 8

series of tasks. These tasks were msj_qn_eg and prepared prior 1o the beginning of a session. The

which some new element(s) would be added. The preparation of the tasks involved transcribing
(<]

" the oestgned tasks into the workbooks for sach group. Two things should be noted with respect to

the preparetioyx’ tesks. 1) The tasks were manually ehtered into the workbook s which postbly

resulted in minor differences from one workbook to another. 2) There was an implicit scale n

the paper & pencil representation of the tasks due to the use of squared peper '
In general the first task for 8 sessfon was the homework from the prevtous session.
Thereafter the children would refer to-their workbook for the next task. A new page wes used for

sach session. The first task usually involved defining the procedure(s) thet wes going to be used.

'migr_t of the tasks took into consideration the children's responses tn‘the previous session(s) to

——

W
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This wes followad by another 3-4 tasks which required some use o{, this procedure. The following

?

is 7‘~ example of 8 workbook page {or session 6:

/

v

| 1) Writes procdure to draw ngine 25 Turtle steps lofig.

Procedure
4 ' . o
- R . . . * . \\ . \
2 . —c . ) \ . |"
'2) Write enother procedure to draw a4ine,50 Turtle steps long.\\
. \ .
ST Progedure ' :
¥ ‘ s
A ; B 1
' \
’ \\ -V
- Use your procedures todo the following, ’ . \
- '3)  Program N ) .| Program
‘ {
4 ' Al
T )
6) | Progrom
A \
®
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Omldren worklng on a task qo through three stooas (l) bisnning (H) Qnmmg (m)
. v me B_hnnmn is oone with (he use of. Me_mnmmumxﬁ ond mﬂ‘_m_mmu
| mmgm_q]_a Aconcrete representation of ‘the procedure usad in the tasks fs either ulreody evanable:

. .or: constructed by the cbildren It is pointed oreen wﬁere the turtle slorls end red where the turue'
- *y

" ends, A model of the task using this ooncrete represantatlon 1s tnen constructed on thef toy screen .

toaid in the paper and penctl planmng ( Ploy!no turtre {s also usad durinq this stooe)

4 ¢ Fa
Examme Task UseLlNEZSBndUNESO , nmmmwm tlmLQLInaL '
- ¢ toDrow: .
. ) A GREEN@ GREEN@ .
W L. . | UNeso uuszs
‘o o S
3_}' S For themp_eus_p_enpj_lstagethechndrenwere enoouragedto use the following planmng strateqy

1) Indicateon the drawing of the task
a) Where therturtle sterts (§) and where the turtie ends ( £). : ‘ .
. b) The nnol stote of the turtle (A ). -

"e). lf necessary the path of the turtle (using & dotted 1ine).
*"d) Thechoice of inputs for distences and lengths. o

-
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4

b, ’ _,\)

" 2) -Wrtteddwntrteprogre}r\ : o AN

Examole: R , SN .
Given the following task: . Upon complettdn of the above steps

the workbook should look as follows
. {depends also on choice of path)

so| PUFD SO -
LT 90
PUFD 25
, b LINE2S
: ‘ . IS0 RT90
A : © 0 AS+ LINESO

4
Use LINE2S & LINESO to draw

- Checking foltows the plenning stege. It is done by typing the program into the computer and
eomparing the results on the screen with the drawing in the workbook. If the r%olts are correct '

the chﬂdren move onto the next task. If however a discrepancy exists, the children begm the -

revtsino stege. I general o tesk is attempted until a.succesful solution is found. ’ A posstbte

exception is when lack of time prevents completton

Bg_ﬂglng involves returning to the planning phase and verifying the paper and pencil work using
the concrete mamputatives and playing turtle ) - : C8 (

The cmtdren worked in pairs. Distrtbution of the work was encouraged For tnstance,

durtno the planning acttvtty one child would follow the mentpulatlve representatlon of the task and

verbalize the com mends while the other child would wrt.te thedotmands in the workbook; when

checking, one child would read from trre workbook‘whtle tﬁe other child would write. Durtng the

1

r_gmmg of a tesk, the children were ericouraged to ‘reverse their above roles. The researcher

ensured that a regular- chanoe of these roles would take place.so that the €hildren woutd not

4

, dominate in 8 parttcular,(posstbly favorite) role, e.g. always typing.

- Kl Y Rt . ”, -
L T S N SR oy 3
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Collection of Dota

During a session the researcher (ectlng as the teacher) changed rolés aocordlng to whot was
judged 85 needed-at a parucular tithe m \he sessfon. For example, the researcher ected as: a

mfmmsmm_ o mtroduce new LOGO commands, a Qmmge_ r togive tasks and ask questions; a quide

to help steer the order of planning, checking and revising; & LQQJJJLMQL to provide clerify qr-

suggest; and an QQ§QFV§ r 1o sllow- the children o work independently. The prlnclpal source for'

feedback of the children's work was the computer. . .
N
' o+

\ a

i

‘ The sessions were recorded in two different ways. The first was a wsual/audio recording of

. the sequence produwd on the screen and the conversation n the room. this wes done wnh 8 YCR

reoorder with two dlrect connectlons one to the computer momtor and the other to an external

' iw
microphone. ‘The second form of recording was via dribble ﬁles The dribble file records sach

]

'L0GO command that is typed into the oomputer This 1s saved into 8 (mignated ffle on a diskette

3
H

which can later be used to produce a hardoopy of the session.

. Both the lesrning environment and the children’s behaviour working n the environment
were analyzeo. The analysis of the learning environment’in%lved a systematic analysis of each
task given to the children. -Each task was analysed to determine its: nature; explicit and impicit

structure; explicit and implicit requirements; successful solution(s); end key teecher

interventions. Anexample of 8 task analysis is prov'idad on the foltowing page.

* The analysis of the children’s behaviour working in the environment involved a careful

W study of the children's paper end pencil work, the dribble files and the audio/video tape for each

-
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 sessfon. A large worksheet was used to map on a single sheet the paper and penci‘ifand bomputer

‘work done by each group for each’ task. The tapes were then ig?nad to and excerpts of

coriversations revealing ébout the subject under study as well as sglected teacher interventions
were transferred onto the worksheet in its oorresponding location for the task and group. Orice a

mop was complete.il.m.nnaiysed to identify the mathematicai and programming behaviour for

each group attempting the task This analysis was done for the twelve sessions, each session -

cons:sting ofoapproximateiy four tasks

+

o

-~
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.~ Session S - Homework (from session 4)
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Nature: The homework is presentgd &s a diegram with written instructions irr the homework

books. The\diagram is composed of a square representing the screen, three solid lines

as follows: Writea program for the turtle to draw what is in the box - !

‘ and & partially shaded triangle representing the turtle The written instructions ore

<
* “

o -

T‘% diagram for GR | differed form the éiven to GR I & 111

(ses structdre Helow).
. A}a
!
o
(a)°
Task for GRI

P

"(b)

Task for GR 11 & 111

Ejnj_lg_u: The tesk consists of three detached lines of equal length, one veftieol, two

hor1zontal. The lines are situated in the bottom half of the screen below the drawing of |

the turtle. The initial state of the turtle is indicated but not the final. No path

between the solid Hnejis provided.

+ Implicit: The horizontal lines‘are equidistant from the vertical. For.GR I, the distance

)

) from the turtle to the first 1ine (a) is the same as the distance from the vertical line

to the horizontal lines (b). For groups 11.& 11 the vertiml distence b is not present

: (seefiquresaandb)

ol adi
5?1'. >

“\ " -

.

P

' " ?
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I_nx_nmjr_mm; _ There are many possible solutions. Application of both equal leng_th‘ond
 equidistance fs required. T |
anm& 1, Movfngthg‘turtle __
2. Drawing with the turtie ' ’
~ 3. Usa of 180 degrees or BK
4. Turnjngthe turtle’t‘hrough 90 degrees
) S. Back tracking i.e. togoover the part or part of the path a second time Q
f b
) b _aja__ b / :
K - e ' figure (¢) | |
) Implicit: The horizontél lines should be Ssymmetrical abtfut tﬁe vertimi line.  This
e ' requires. r |
. - "1. Thet thedistance from the vertic;l line end the horizontal H:wg on the left be the
same as the distence from the vertical line to the horizontal line on the right.
h 2. The structure of thp disgram requires ﬁhat the turtle retrace its path at lesast on.
the hwiﬁtal lines. The mathematical consequence of this requires that the
) ‘ N &Istonee betwesn the vertical ond hor;,&omel ling be doubled or repeated twics to
-7 trowtescodnocimnalle ' |
.. PU t;Dﬁ:
PDFDB _
‘ : ~ _PUBKB+2A "or . PUBKB+A or PUBKB
o ’ C PDBKB - ' PUBKA PUBKA .
" PUBKA |

< wg
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Successful solution: The following is & semple of a successful solution
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CHAPTER 4 { | 0
- ' ;' 3 , ) 1

ANALYSIS OF FHE ENVIRONMENT AND THE CHILDREN'S BEHAVIOURS

The ;malysis of_the environment and of the children's behaviours working in ‘the
eh\'m:oriment is presented-session by session. For each on€, an overall description is given
followed by an analysis of its tasks and the children's behaviours while attempting the task. Each
session s then concluded with a summary of the general observations

x ‘The overall description contains'information of the contents of the qession, thé oquptives.
the sequence ofthe tasks &s well 8s the stretegies and embedded hierarchies underlying the ,'
sequence. Each tagk is tht_an Individuai]y lanalyzed identifying its nature, htructyro (explicit,\
1mphcit). roqul(omonts (explicit, implicit), successful solutions( s)/ and‘ selected
teacher interventions. A description of the children's attempts thl; doing 8 task is given
th@ ’;u,detaﬂed occount of each group's papef and pencil activities together with the
corresponding excerpts from their respective dribble files. This is followed by an aﬁalysis of the

" .children’s hehaviour. Each session i then conc‘uded with a summary of what was obsar;/ed under .

the he'oding general ohservations. ' ' g o
. \ . .
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o SESSIONL . ‘

- The overall objective of the fifst session was nto introduce the children to Turtle Geometry
and the learning environment. A series of activities was used to lead an introduction to the LOGO
turtie and Turtle Geometry ct;,m mands. The ectivities were as follows:

1. Introduction and discussfon on the computer components: screen, keyboard, comiaﬁer,
 diskdrive, diskette |

r Concrete Materials:

2. Introduction to the LOGO turtle (on the screen) ,

3. Construction of computer turties. Each child made a computer turtle out of cardboard

- and scrayons. _
it | 4. introduction to the toy turtle and toY screen - L L -
'S Playingturtle FORWARD (FD) number of turtlesteps  * P R |
] BACKWARD (BK ) number of turtle steps '
{/ ' Computer Adtiviti -
‘ ) .
. 6 Two computer tasks ‘ - . (
i;, \\ . " The computer activmes,«wmch‘consisted of two tasks, were designed to require the explicit
sl Wusé of the commands FD and BK and the implicit use of the matnamatioa\l concepts of messurement,
-  estimation of distance, end total distance. The first tesk involved giving the turtle a commend end -
" ) observing its behlaviour. Tlheﬂ second task continued with this P_Ut the children 'were asked fo meet \
§pecmc objec}ivgs Aas described by the teacher. Teacher intervention is a RWQ

learnifg process associated with doing thess particular tasks. A delafled description of these tesks

o

and the childrens’ sttempts and behaviour while doing them is given below.
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. | S
Nature: The"task was the first computer activity for the-children. It immediately followed 8
& gome of “playing turtle” which introduced the children to the commands forwa»rd and
backward. At the computer, the chﬂdr.en.. wefe told of the abbreviation forl forward

(FD) and backwarﬁs (BK) and then vérba’lly asked “How meny s'steps do yﬁu went to

tel the turtle to take?” - '

- Structure

# Explicit:  The task is defined by the vertical movement of the turtle with-the commands FD and

' , BK. The pen is intentionally up and the fence option for the screen fs turned off. i.e.
- S

FD and BK move the turtle without drawing and wrlapping iS%ossible.
Lm,pjj_gu: The task demonstrates: .
1. Theeffect of an 1npu't with FD and BK on the action of the turtie.
*2." The relation l‘)etween the size of the number input gnd the distance tra:ened by
the turtle S ' ‘ . .
3. Relativity of the turtie step to the size of the screen. eg. How for the turtle
Qoes with FD 140 compared to FD 20. |

-

4. . That FD and BK are inverses.

Jask Requirements ‘
. :
A .
.

Explicit:  There is no precise solution for this task. To perform the task successfully thé.

following are required.
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"~ a) Correctuse of the syntax for (t@pommands FDend BK. &,

b) Choics of input that is riot out of Hounds for the turtle. 8g. FD 90000 is out of

- bounds. -
Implicft: Use of the keyboard for typing commends and numbers. Useof the return key.
AY - . , . .
R 3 B
successfyl Solution FD (space) distance L - '
* ' BK (space) distance es no ,
' . -, AR o X ! f\_ S
Selected Teacher Interventions:
o 1 | ‘
Theteacher: a) Guides the children in using the correct syntex: e :
E)) Squests to the children to watch ti\e turtle just prior 10 pre&iﬁq thagpeturn key.
¢) Askynd discusses with the children what they have just observed. | ]
d) Asks the children if the turtle takes 1arge or small steps. '
\ ’
> children's Attempls:  * '
: | R 1. 6RI - 6B
T FD 10 FD6 ©FD3
' . - BK 64 : BK 4 o BK3
FD 1 FD9 - D2
. FD 10 BK 2

For {his task each group {Fied both commands FD and BK. Group | entered three 1pputs,and
roups 11 ond 111 each enterad four. For the cholch of faputs, Groups 1l and I1f tendad 1o use
numbers such 8s 2, 3, 4, 6 thet were thesame as these used fn the “play turtle” octivity. Group |

" used 10 8nd 64. | I A

P

It is interesting to note that initially there was some confusion regerding how many sleps

-

X!



“ ' paess

~ the turtle actuslly took. After entering his first command FD6, Robert noted- “Hey , he onty moved
i once. ond then asked, "Should | press return aoain?" lt sesms that Robert expected to'visibly see
the turtle take each step, perhaps similar to what he had just experlemad while playino turtle.
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- Session 1 - Task 2 b
Nature:  The tesk involves movingthe turtle vertically from one extremity of the screen to the
) other. 1e top/bo’ttorﬁ. bottom/top. It immedistely follows the first iaslg 8s 8

consequence of the rwearcher.;s intervention: “"How many steps do you think it will

take to go to the top of the screen?” This is leter continued with two more

interventions which ask that the turtle be moved to the botton of the screen and then

4
once again to the top. .

\ 120

} 60.

E;n]jgj_t The task is defined by the screen size in turtle Geometry. - i.e. 120 turtle steps from
thé centre to the top.end 60 turtle steps from the centre to the beginning of the

wr iting on the bottom. The turtle is able to wrap ground, the screen as the Tence option

~

. . ) N
’ is not inuse. The turtle's pen is placed in the up positien. The starting point for sach

.group isdifferent. it is determined 'by the turtie’s final position after the first task.

Implicit: The sk demonstrates the overall distances required to keep the turtle within the

vertical boundaries Bf the screen.

K W; A precise solutfon to this tesk réquires; '

»

L 4

EXpHcit: “ 1. That the turtle be moved foward the number of required steps 1o reech the top.
. | ’

This number is dependent on the turtle's position at the beginning of the task.
. ) ' - !
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2. Once ot the top of the screen the task requires thet the turtle be moved

backwards 180 turtle steps. R L

l.m.llﬂl l.‘ "rhe task requires estimating in turtle steps the distance bftween the turtie and .

! thedap or bottom of the screen.

2. An approprioté choice of a value for input with FD and BK. "1.6. "an-input within

.

theturtie's bounds. ‘ | ‘

3. An estimation of the total distance from the top of the screen to the bottom or
* . s ‘ . "
vice- versa. This requires the addition of the values of the appropriate inputs.

Successfal Solution: - From the center of the screen:

180 |- ~a) tothetop 120
60 b) 1o the bottom 60

"

’ From one extremity to the other: 180

~

Upon completion of the ﬂrst esumation to the top and the wcond estimatton m the bottom,
sach group was asked the following question "How far have you gone from here to here?"

{ pointing to the top and bottom of the screen).
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SRR o GRL 0 ORI ORIl -
no.o. FD 200 D17 FD 2 /
2) . \ .BK 90 . D197 . F0 8 '

) - < FD30 D19 - . D9
4), FD20 . 022 FD 14 Lok
©5) N 51 I (1 I FD 29 1o
6) BK 16 BK10OO * FDSO .
) : FD6 . * BKS00 FD 60 ‘
3) | BK 16 FD 10000 FDS .
9 . . DS ~ ED90000 ., FD2 . .
10) By FDS0 D3 |
1) ‘ FD3 FD 90 FD 60 “
12) . D2 ' FD 10 " FD 80
13) L BKI BK3 | FD 50
C 14y - BK90 BK9 . B0 2
15) BK 80 D5 > BK
16) . BK§, FD 1 BK L .
P - 7)) © - s BKS - PO PD

18) Cos FD 182 BK 181 ' :
19) —~BK:20 - CS “ BK8O -
20) : PO . { BK400 - BK9O
21) S ED9 s — ¢ -
22) _, BK 146 FD 90 FD 80
23) cS R :

. 24) FD 200 \ o

(Y

The children showed relative ease*m using the LOGO syntax as seen in their oomp‘uter work

: 3 in the table above . \

B

%

. Two different situations arose. following the first 1ntérvention -which asked the children to ‘

get the lurtle to the top of the screen. All three groups experienced & wrépping effect which

~— brought them to the bottom of the screen as opposed to being closer to the top 0roup1 which hag

just input FD 200 (GR l, line 12) to cause the wrapping, countered it with BK 90 and continued to{

work on their original goal. Groups Il and III did not counter the effect and restarted the- task o
getting the turtel to the top of the screen this time'from somewhere nearer the bottom then where

< [ 1

they originally sterted. .

8"

. -};‘n,
- n}x‘
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The children's use of messurement end estimagioh skils appears to tmé"rovb if one uses the
' : — : an E ‘
number of attempts required for sach goal within sach individual group as a measure. Group | uses
) o

" 13 moves for' the first goal and 4 end.3 for the second-and third. Group Il used 8, 7 and 1 and’

E g S

Group 111,10,6,2 for"goals 1,2,3 respecti‘fely. Althduoh the number oLaaéTn)pt:g for sach goal

Jdlffer from one group to another, within each of the three groups the number of ottempts is

‘

reduoced.

. L
When esked to calculate the totel distance from the top to-the bottom of the screen Group | for
example, repsonded with the following®™ ‘
Benny: - "First we tried 90/then 80."

" Jennifer: "912"

. ©

" Benny:  “No, you have to add them.” -

© Jemnifer:  "90+90?" - .o S
. . ' ° ’ ' f ]
Bermy:  “90+ 8015 170 + 6 i3 176 + 5 {5 181." -
) , - .
' © Jennifer:” “182." '~ o R

14

 This seems to imply that the ehildren knew what they wanted to add together-to talclate thé

totel distance end this was observed with el thrée groups: However there were arithmetic errors

'{' .' such¥s in Gf‘o{:p (| where Gregg says that “90 + 90 is.190". R | v
‘ . . . . . \ )
-\ o ' . o, . . . . -
- The session wes aimed ot introducing the programming commanids FD and Bk énd their
ossocioted concept of o volué input. This involved learning the propgf syntax for eech commaend
3 ~ endworking on tasks that are designed to provoke the applicatfon of the mathematical skiisof  © .-
;- " messurement (i turtle step\s‘), estimation of distence and total distance. '

2

3t
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Prior to this first computer activity the children S only experience with input velues for

the mmmands FD end BK were thoss while "playing turtle". The given computer tasks provoked '
. the chidrento: . ” o | P
"a) Obtaina sense of the size of 8 turtle step relative to the screen. L s
b) Adjust this image to match the results of the various input attempts_.
' ¢) Mepasure the approximate distarice from where the turtle is to thé'top or bottom of the
. . . screen (depending on their goal). '
d) %lcylate the total distenw by eddtng tqgetherr tﬁe required indiv.idual distance used jln
achieving their goal |
In summary, on the programming side the children showed no diff’icuuy in adopting the LOGd ‘
) _'syntax fer the FD_and BK cofnmanﬁs ‘They hed all initially. been guided at the computer. on the.
® o syntax and typmg procedures related to each one. These wes r??videnoé of any related problems
- ' fon the remaining of the sess:ion. Regardin}tr@-l melhemetics, the children did demonstrate
", estimation skills and definition’ of total distance. ‘The errors thet did occur tended. to be

arithmetical iqn nature.

\.u-

* “x:
Ry
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o , SESSION 2

\

" The overall objectii;e of session 2 wes to ntroduce the children to movinq the turtle. The
sessfon consisted of a game of playing turtle followed by two tasks presented on paper and pencil
involving moving the turtle aion9 8 specific path. )

To introduce the chiidr/en to what the paper and pencil (diegram represented, 8 game of,
playing turtle in which various lengths of planks of wood joined st right angles were positioned on

_the floor to represent & path. fhe children each took a turn being the LOGO programmer and-geve
the verbol instructions to move the turtle (the other child) along the planks. This octivity wos
followed immediately by the first paper and.pencil activity (task, 1) which now represented the

| turtle's path in their workbooks with a brolgen line. - )

Tiie session introduced the children to the LOGO commands RT and LT used with the input 90,
the toy screen end toy turtle and using the computer as a checking device. The obYectives for tesk

1 and task 2 were: ‘ Q |

1) Introducing the use of PY to move the turtle. - |
2). ;Nevig‘ating the turtle: ;;roviding various settings for right and left 90 degree turn
¢ eombinations. | ‘
| » 3) Demonstration of effects of various length inputs.; i.e. the greater the input the'longer
the djstance. .
< 4) Demonstreiion of combinations of verying Iengths nd their dverall effects. .

. Tosk 1 ond 2 ond the children’s attempts are described in detaj} Taluw
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Sossion 2 Taskl
:
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,

. . /
Noture: The task was presented in the children's workbooks 8s & broken straight line disgram

on squared paper representifg the turtle path on the screen with its pen up. The

" children were asked to write the program to follow the original path taken by the
. : '

turtle p ' g

A |

o

Explicit: The }ask is an open shdpe consisting of three straigh\ lines at right angle;é, As.

shown in the diagram the length of each side is given in turtle s{eps as wel)”as the
intifel and final states of the ‘turtle.. o
Implicit: The task demonstrates: . g : ‘ ,"'
.“ a)t moving the turjtle,fdrvit;,rdasthe first command C /
- ,thé net effect of & seres of commands on the turtle state | ;

¢) moving the turtle into the upper left hand quadrant of the plarte. /

i
!
i

Task requirements:

8) screen at ieginning of task b) screen after task Is completed

e - ' :
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Explicit: A precise solution of this task requires
1. Moving the turtle forward . o :
- 2. Ussof qlveﬁ turtie steps as number inputs. )
. 3. Turning the turtle left through 90 degrees twice. - |
- lmplicit: The tesk requires that ;aoch programming step. be verified with the effect of

2
the turtie.on the screen as no trace is being left by the turtle. |

i

" Successfu] solution: ) PUFD 25 .
s 2 LT 90
_ R ’ PUFD30 -
| o . LT90
PUFD 10

[ 1 -

Solected Teacher Intervantions: Direction regarding the order of activities. i.6. PP,CM,C .

A

"Wetch the turtle” . N
_"Did the turtle go where you wanted it to go" »

13

:~' ‘ oR1 oR il RIS
. 14 < B C, PR~ L
S S—————————— ) n .. - ¥ . . ‘ ‘ ,
&N 1) PUFD25 PUFD 25 PUFD25 PUFD 30 PUFD25 PUFD 25 .
. 2) LT 90 LT 90 RT90 .- RT90 . . LT90 LT90 ,
3) PUFD30 PUFD 30, PUFD30 LT90 . PUFD30 PUFD30 -
4) LT90 = LT90 LT 90 LT90 . . LT90 Ltr9o L
5) PUFD 10  PUFD 10 PUFD10 PUFD30 ~ PUFDI10. . PUFDTO * =~
"6 . T ‘ : ' PUFD30 . : | .
. N L P LT90 I - ~
. 8) o : k PUFD 10 T :
f: ' ’ r | 7 f
g:‘. . - ' ! N 0



- e

' Pege 64

+

- This task wes the;irs\ peper and pancil task for the children. It followed a gome of “plwing“
tur;tle" in which a path_was used as defined on ihe floor with wooden planks. From the abow;e peper
and pencil and computer work it is observed that in oanergl the children had no dlmcu'lty writing .
down five commands as a series. Errors were not rélated to. followirg the path and recording the

commands but if present tended to suggest lateralization problems. e.g. Gﬁ Il line 2.

.
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Session 2 - Tesk 2
! : e S
Nature: The task wes presented &s & broken straight line disgram on squared paper
representing the turtls path on the screen with its pen up. The diogram wes drawn in
T + their workbooks. The children were asked to write the program to follow the original

i ‘ ' : - .
‘ poth token by the turtle

Emnm The tosk s an open shape‘n‘sﬂmg of three stroight lines at right angles As
' shown in the diagrom the lenqth of each. side s provided 8s ore the initial and final

, states of the turne

~

lmnmﬂ The tesk demonstrates 1)-the net effec\ of 8 ser1es of commands on the wrle .
¢ 5 state 2) turninq the turtle as a first step instead of FD or BK; 3). moving the turtle
e 1ntothe lower right hmquodrantoftneplene o Y

' . . . )
: ) , ' . et ], _
: A :
. 1
- 5 : . /
.
. : N A ’

L e + o) streenbeforatesk . b) scregn after task

R)
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Explicit: Aprecise solution of this task requires: , ) .

1. Atotal of three turns 1) A ‘b 2) D\v 3) v;o
v 2. Tobegtnthesolutton wtthertghtturn
3 Use the gtven turtle, steps os number inputs ..

mmm The task results in the turtle onty movtng on the screen and not rdrewtng or
leaving a path. The cht 1d must therefore check the screen otter each tnput to vertty
hts/her programming step with the vtsuet result. (Hand-eye ooordtnetton)

. Successfyl solutign” — .. RT 90 SRR e
o ‘ o T PURD30 o ~T.
PUFD25 - ¢~ g 'f“,:,’} ‘
LT-90 S o
‘PUFD_30: . "~ ,.’_".‘;‘., :, -"‘ \", I\', !
. Lo “\ (‘1 o ' " \_ ‘X ’t.'.m.\K o A : ,‘_: ‘” “,':.‘:', ' ‘ .',‘x‘
o~ B} Dtrecttonregardmgorder otacttvttles o
. 2! Instruction to watch the turtle on the screen after a oommend tnput o
- S0 kg Wetchthetwrtie' T '
: : — Dtdtheturtlegowhereyouwonted tt togo’)‘ :
12 " S - S N < £

) RT90 " RT90 ' RT90. '~ LT90 ..  -RT90  RTQO- .

2) PUFD30 'PUFD30 . - PUFD30 . RT90 - ~ ,PUFD30  PUFD30.:

3 RT 90 ‘RT90 . .RT90: RT90. " ~RTS0. . RT90. -

- 4)  PUFD25 PUFD25, PUFD25 PUFD 30 PUFD25 . PUFD25' .

5) - L7190 RT 90 - LT90 - - :RT90 Lreo = " .L190 "

N ,"-6) PUFD30 _PUFD30 . "'PUFD30 PUFD25 .. PUFDSO;'- PUFD30 .
)] o . L7900 o
8) / PUFDSO Looe Ty "
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| ‘ Sessicn two introduced the concept of 8 LOGO program &s 8 serfes of turtle commends The
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)

The task required o serfes of six commands for which there was no evidence of difficulty in
*the coordination of following the path .and recording the appropriste commends. 'Errors‘. if
p'reeent 8gain were with leteralization (GR, PP: line 1) and not with the interpretation of the
drewing At this stage, the environment is requiring a lot of direction regarding the sequence of
octivities (PP ,CM, C) by the teecher

Two methods for correcting lateralization errors have been observed so far.
1) The first is to correct an incorrect turn with the turn in the opposite direction being
. - used twice. eg. LT 90 corrected with RT 90 RT 90 (task 2,6R II, C: lines 1,2, 3)

" 2) The second is to correct an incorrect turn that 1s written in the workbook before it is

typed into the computer i.e. using the visual cue from the screen and evaluating the

- ‘ effectcr the next commend beiore it isectuelly typed in. (GRI Toski line 4 ;Tesk 2,
]ine 5)

e <ﬁ ’

- progremming ectivtties required the nevigetion of the turtle through' & path as described in @

drewing Added to'the commends FD and BK introduced in session | wers the commends LT, RT and
. CS. Al of the tasks invotved Mcving the turtle ond hence PU wes used. '

In general ! the children ere nvot heving difficulties with using turtle commends They were .

' abile to succeeefulty ioltow 8 path and write down the corresponding common& for the tdrtie &8 |

eeries ina prcgram Thg errors ‘observed were with leterelizetion Although no inrormetion was
proyided regarding the succesful solution for the tesk much guidonce on operating in the -

1
. >

anen

e,
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environment was present. .Exemples of this type of guidence include the teacher directing the
children to write down' their progrbm before going to the computer and suggesting the use of
manipulatives, ‘

»A_Thg corpmpngsﬁLT and RT were introduced while "playing turtle”. In response to the question

.. "What do you think the 90 is in LT 90 ?* the following wes observed: “a number ", “90 steps", "90

© turtle steps”. The word.degrees was never mentioned in the session by either the teacher o the
children. i .-
It is perhaps worth making a special note regarding the structure of the two tesks tn the .-
session Although the tasks had a very explicig description in the children's workbooks the final

“ visual p;oduction on the screen was quite different. This can be seen from the dio@ramsé & 3 for

" task 1 of this éessibn. The aim of the learning experience .is twofold. Oversll, the tesk

demonstrates an example of moving the turtie to a specific tocation on the plane (controlling thg '

turtle). But it also pemonstratés the 1m.por;ance of focusing on the process. Because, in order to -

know whethgr the task was successfully solved (whic_h was required) it was necessary to check the ‘ ;
“turtle's position on the screen after each command as no trace is left when the turtle's p.en' is up.

And, in the end, verify its final heading with that drawn in the Brigtnal figure.

IR
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, Overall Description .

4
N

An overall objective of this session was {0 give the children more opportunity to familiarize

t

themselves w}mh controlling the turtle and the actual learning environment that they were working
in, fhe contents of the sessfon built on and extended that which was covered in sessions 1 ahd 2.

The session consists of two tasks which_ continue to emphésize moving the turtle. New
congepts Fatated to thjs and lncluded tn the session are turning the turtle through 180 degrees, the
final stateﬂ_o‘f the-turtle requiring a change in its heading, and distance estimation.‘ The first task is
similar in nature to those desigred in session 2 with mo:dmcetiqns to its requirements. The second
task differs in its nature &s it Is presented to the children n fhe. form of & maze pleced over the

computer screen. s , . : - .

.

4
154




Session 3 - Task |
Noture: The task was presented as 8 broken line diagramr represanting the turtle path on the
' screen with-its pen up. The diagram was drawn in their workbooks. The children =

were asked to write the program and to follow the original path taken by the turtle.

Structure: —__ 1860 ' - \

[reemrm S e e e Y ‘
! .
o _ '
140 | ) : ’
| 4
i ]
i ! g
. = l \ !60 =
"y o L __________ J'

_ Explicit: The tesk is &n open shape conﬁisting of four strxaight lines at right angles.
|~ The length of each line was given in turtie steps. The initiel and ﬁnJaI stotes of the
' urtiewere drawn 8s shown 1n the disgram. '- . |
Implicit: "The task demonstrates: )

' a) tl{rmng thé turtie through 180 degrees or using BK -
b) the net effect of & serfes of commands on the turtle s-tete,
¢) moving the turtle over a f&mr area of the plane

. d) usinglarger numbers as inhuts
Explicit: A precise solution of this task requires \ \
g - ' . turning the turtle through 180 (90 + 90) or using BK ” N
, | | 2. ussof given tugtle steps es inputs - | |

cend S
5

: f -
K?

. : . . '
-
. . W
v
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: s ’ L o '
v 3. . Atotel of 4or$turnsdependi;3ﬁonwhether léOor BK was used:
/ . . ., D&YWV 2) 5—»0 orbl-’ﬂs) G—'A 4) A~ D §) D‘-’V

L4

4, The final stote of the turtie l:equlrés a conscious additional 90 degree turn at

. theendof the program so that 1t faces vertically downwards.”

implicit: The task requires that each command be verified s it is put into the computer s

the turtle's pen is up. -

Successful Splution:  Theraare two possible solutions.

‘
I ' oL

ro 2
RT 180 ~ _PUBKS60 '
. PUFD 60 ., 190 |
- LT90 - PUFD8O . : |
PUFDBO  * . RT90 -
_RT90 PUFD 140
- - PUFD 140 RT 90
o | RT 90 POPD 160
. | PUPD 160 RT 90
'n RT90 "
- S © " Didyou have o go back all the way?" '- : ,
L " ' e . \& \‘
l “ ‘~ . \ . 0 ll.". ,

’
3
1)
4
aadl L
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‘Childien's Attempts
- m ‘ e
pp ¢

1y . LT90 Not done on

2) LT90 the computer.

3) PUFD60

4) RT90 .

S) PUFDSO )

6) RT90

7)  PUFD 140

8) RT 90

9) PUFD 160
10)  RT90°
)
12)
13)
14)
15) .
16) ‘
17) .
!‘8) - .
19) T
20) T
21)

CeRl
pp
LT 90

LT 90
PUFD 60

- LT 90

PU FD 80
RT 90
PU FD 140
RT 90

* PUFD 160
.RT90

¢
L190
LT 90

PUFD 60

LT 90
PUFD 80
CS

RT 90

LT 90

LT 90

LT 90

- PUFD 80

PUFD 60
PUFD 60
CS

LT 90

190

. PUFD 80
. PUBK 80

PUFD 8Q
pU BK 20 "" ~.

CS \\‘

Page. 72
OR 14}
PP ¢
RT 90 RT 90
RT 90 RT 90
PUBK 60 ‘PUBK60
LT 90 PUFD 60
PUFD80  PUFD 60
LT90 _ "LT90
PUFD 18 LT90 -
RT 90 LT 90
PUFD 160"~ PUFD 80
RT 90 LT 90
RT 90
RT 90
PUFD140
RT 90
PUFD 160
RT 90

¢

v

. Groups I! and l\lol both hed errors in their paper and pencil work whereas group | had none.

br'qup Il hed & lateralization error-at line 4. Their computer work invoived three pheses 8

divided by the command C5. In;phese | (lines 1-5) fhey saw that they had an error. “Iﬁg phase

f

(lings 7-13) this time they typed RT 90 instsad of LT 90.(1ine 1 of PP} and corrected 1t with

A}

usiﬁg LT 90 thres Hmesf Their second grror occurred when they typed PU FD 80 (line 11)

: instead of PU FD 60 (lil}ne 3 of-PP) thyi’ first attempt to correct it was to type fn the commend

that they originally gvanted,(Pl.’ D €0). They did this twice (1ines 12 & 13). In phase |1l they

" again made the érror of 'iyping PUF’ 80 inste@ of PU FD 60 orily this time‘corrqcted tbyusing

. PUBK 80. Lines 19 and 20 & osa oue to an fntervention by the teacher which asked the children

+ "didyou have to go back all the way?": Group HI had two lateralizeti

v

&)

~

-
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. . , ' g ' _/ . 1 ,
. . . one comfnan error (Hne 3) intheir paper ondpencﬂ work Two dtfferent\strategm were used in

oorrectlno the lateralization errors the first (Itnes 6,7,8inC) Involved continuing o turn the

turtle in the same direction and the second (lin’és 1, 11,12 in C) used the reverse turn twice.
-

For correcting the oomman\error of PU BQ 60 instead of PU FD 60, the group repeated the

oommond PU F D 60 twice (ltnes 4&5 )to move the turtle to the desired location.

a *

»,,) In summary. none of the children uwd 180 degrees (1 e. .additive nature of angles) or BK,

_they all used multtples of 90 (LT 90 17 90). AH three groups ﬁnished their programs (GR 1,11,

k

IN: PP; 10) with the required final turn of the turtle

e

:'\‘

.
"

.y -
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' j
Seswlon 3 - Task 2 f
Noture: The task was pr;ﬂantea"to the children s a Hned diagram depicting & maze. A-turtle
was dramehe center ahd a fly at one of the ends. The maze was drawn on a sheet of ' \

t/:/ea/\hstlc and plaoed dlrectly over the screen. . The children were asked to get the

/ turtle to the fly.
¥. 7
- ' o,
| 4 12
. “ ‘ . ' , : r
o o ' 40
Q%" - - 40 I“I
, .. - 120 ‘ 65
s . ? 3 > d R
5 : ' T
) * ?OI -

, {\ ] 2 )
Explicit: The task consists of vertical and r[oﬁizontal-paths‘ joined at right angles. The
length of each path varies and is not specified. The initial stete of the turtle is-the

-centre of thé scréi:which is marked oh the maze with 8 triangle. Theﬂnal position of

the turtle is indicated on the maze by a drawing of afly. Tfe pen wes in the up
posmon for the task. y / :
mn]j_qu All vertical path segments and all horizontal path seoments of the stmrul ‘ <ﬂH
path are similor in length allowing for the use of relative propomonality ' 5
N . { )
‘ t J. © l ' ' ‘ L
" Explieft: Aprecise solution of this task requires: - :
” i . o= i ) . ! '|‘ ) - "
L , ‘ \‘ ) ,*" R s . ‘ . R ‘ _"‘i . ¢
- C t ~ L : . A 4
A O U Tt
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-a) out-of two po§sibi11tles chdosingthe path which lsads to the ﬂy S
b) turningthe turtle through 90 397865 5010 follow the path
v ) positioning the turtie S0 thet when it is_turﬁéd/that it remains on-the path

_ d) estimateing the correct léngth of each path segment. (within5 turtle steps)

-

e) completing the task in 8 minimum number of moves. =~ . '
Ampligit’ The 183k which wes restricted by the instruction to 8 minimum number of moves
\ 'provoked:

\ 8) use of estimation and proportiality

- b)- memory use of previdus length of a similer distance

|

L " ¢) eppropriate correction of an over or under estimation \ A R

h

" d) " careful 'laterallzat_io’n decisions

Successful solution: treo . - " FD40 . S
o FD 20 RTOO - -
. RT90 FD 65 -
FD 60 RT 90
S ‘ L7190 FD 150
Lo o FDSO LT90
C e LT 90 FD 20 -
S ' FD 90 lT9o - .-
- LT90 . ' £D 150 ,
FD 120 ,
LT 90
FD 40 . )
’ / RT90
» ".1 ) \. ) , i . ( : '
. e ' P . . 'y \ . ‘\‘ v
* “Remember, you wont to do this in the lesst number of moves.” - \



R - L

Length estimation, satisfied the path of: the maze within o difference of spproximetely 5

steps.

- & lateralization error which was corrected by going two turns of 90 in the o'ppostte diraction.

»

Yl

Children's Attempts: Thechildren worked directly at the computer ,\
grR1 OR 11 R 111 P
1) LT 90 LT 90 LT 90 \
2) PUFDS FD 1 PUFD 10
©3) PUFD 7 DS PUFD S
4) PUFD 4 D3 . RT 90
- 5) LT 90 RT 90 PUFD 50
6) RT 90 LT 90 PUFD 6
7 RT0 FD-2 LT 90 -
8) PUFD 60 FD 2 PUFD 56 \,
9) LT 90 RT 90 PUBK 10 {
10) PUFD 30 PUFD 10" LT90 .
n PUFD 15 PUFD 19 PUFD 100 |
12) LT 90 PUFD 90 " PUBK 10
13) PUFD 90 BK 90 PUBK 10
14) LT 90 PUFD 19 RT 90
. 15) PUFD 210 PUFD 6 LT 90
16) PUBK 210 oo LT90 -
17) PUFD 80 PUFD 10 PUFD 100
18) PUFD 15 PUFD 19 PUFD 6
19) PUFD 10 PUFDS LT90
20) - LT90 PUFD 10 PUFD 20
21) PUFD 40 PUFD 1 . PUFD6
22)¢ RT 90 LT 90 RT 90
23) PUFD 35 PUFD30 ° PUFD 26 -
24) RT 90 PUFD 30 PUFD 10 \
.25) PUFD 60 PUFDS PUFD 2. v
26) RT 90 RT 90 RT 90 o
27) PUFD 138 LT90 - PUFD 55 - \
28) LT 90 LT90 RT9O . Y
29) PUFD 30 PUFD 60 PUFD 100
30) LT90 . PUFD30 PU FD 46 \
31) PUFD 140 L LT 90 ‘
32) PUFD 3. PUFD 21
33) S L7190
34) . PUFD 146
35) ’ PUFD 3
. ]
’ Lot ‘ s
In general the children n%n nojdifficulty moving the turtie through the maze. Each group had

\

Overestimation was corrected with BK and underestimation with moving the turtle more forward. - . -




-~

2 types of estimation stretegies were observed ' o ‘

1) Usinga rétio.of one toone half:
F " . 2ndestimation

. Istestimation . {1/20f first). -
) ' ( » + -, ) ,‘ . v ".‘ 4
“ 6R I require945 - FD30 . L. EDIS '
@RI required150 - FD100 FD 46+ .
. ‘ ’ . ’ . Br ' ,' P/ ’ ' ’
2)  Following the first estimation using increments 9 10 for adjustment purposes.
- N— s
Estimation increment of 10 focus oy
GR 11l required 40: £D 26 FD 10 C 2t
" 7GRl required80: - FD100 BKIO™ ~ - BK10 . - -
ORIl required50:  ~ D56 ' BK'10 “none
Odneral Observetions
- . Session 3 was essentially designed as 8 summary and revision for ‘.the LOGO environment of

wh&t\was experfenced in sessions 1 and 2. The first task ylas similar in its explicit structure as

| thase seen on session 2. The second task, the maze, was similar in implicit structure to the'se.cond

. task n session 1 - moving the turtle ot the top "& bottom of the screen. No new LOGO orl
programming commends were introduoed.  Implicit mthematical ectivities were introduced.
Thess activities included turning the turtle throuo; 180 degrees, estimation end vse of

- . proportionality.

§ o In general the children had no difficulty in controlling the turdle, M thess firet thres |
sesson, they have hed the opportunity to use the commends FD, BK, RT el LT in verying
;— T situstions. Leteralization errors occur ona.l‘ly fn the three groups end the ghildren seem

¥

B s
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'IeomforAtebie'correcting these Brrors. From the obse‘l‘vattons of the-children attempting the maze
task, ﬂ appear)s that they apply some strategy in estimating distances (we task 2 children's -

attempts). In‘ summary. the programmmg and mathematical concepts encountered in these first

.
three sessions mcluc_)e. o IS - . |
P S " turtlecommands. FD, BK,RT,LT ~ distance ’ L
’ \\ ‘ . turtle position A - total distance- - . y
T turtleheading - - ©. " estimetion” ' -
' "'oerror correction -, , ~ o ,om o~
\\ » ' e
o - 23
' | T P—
\\ , Tl N = . T - 3 r ‘ o
- ) ' W v, ‘ ' 3
e ’ N %
¥ \ ‘
- ; ’ ] « |
miz? L
'y
- 4 /a
\ t
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Thts§sesston tntroduwe procedures, functional namtng and drawing wtth the turtle. It

begtns with an tntroductton to two ‘procedures LINE3O ond LINE6O and & discussion about their

. names. This is then fottowed by four tesks which involve moving and drawing with the turtle

The procedures are written in the chtldren's WOrkbeoks with TOand END 1n red to emphasize

the syntsx. The chtldren are esked to type these procaduras (one at a time) into the computer, test

. /

them and draw what each one produces tnto their workbooks This activity initisted o dtscusston on

begin the series of tasks -

T.he' four tasks.designed for the session tnvSlved moving'the turtle and then using & procedure -

the path the measurements and the mtttal state of the turtte The tosks were designed as follows:
" Task 1
Task 2:
 Task 3:
Task 4:
As analysts of gach tesk and a description of the children's attempts worktng on the tasks s ..

provided below

The path, measurements' and tntttal state of the turtle wereall provnded

The path, measurements and i nttial ‘state of the turtle were pot pre'vtded

. the prooedure names, what they mean and how they can be useful The children were then asked to -

to draw with the turtle. The Iearning hterarchy destgned‘wtthtn these tasks took into oonsideration .

4

The path and inftiel state of the turtte were prw measurements were given,

Same 8 task 3 only this task further requtred an impttctt dlsplaoement calculetton

L N



Session 4 - Task |
. Nature: The task .IS presented a8s a broken‘ line and solid line diagram on squared paper
»  representing the. turtle’s path on the screen with its pen up (br;)k_;n line) and pen
. - down (solid line). The diegram wes drewn in their workbooks. The children were
/ \as_km 1o write and then 'verify the program to foliow the or:iginel path teken by the

turtle.

Struclyre ‘
: 40

.
-
3 <

Explicit 'The task is an open shape consisting of one broken line and one half-broker; half-
. ‘sohid ‘ne joined at right angles. As shown in the diégram only the lengths of the
. broken hd‘ segments was given as were the 1nitial and final states of the turtle:
Implicit: The tasi; begins with the turtle going straight forwerd. The line segment
-') L | | drawn by the turtle is tn\ the upper right hand quadrent. The turtle 1§ moved 8

'Gergical and horizontal 'distance away from the origift before it draws. The procedure

, 15 usad to produce a horizontal line. | ’
\ h ' ‘ [] *
v - —D -
3 A : 1
‘ (a) ) (b)

v o . Screen before the task S_érgenafterthetask
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. Ezumm A preclse solution for this tesk reqwres

" Poce 81

»
Lo
»

1 Moving the turtle forward 60 and 40 turtie steps wuﬂ 8 mght turn of 90 mrees :‘

2. Using the' procedure LINE30 to druw the solid line

ImpHeft 1. As only the measurements of the broken Hnes are provmd the child must use

proportionality to determme wmcn of the two line prooedures IS the most

appropriate

2. During the computer octivity 8 visual checkofter‘ each command is required {0’

determlne fﬁ the turtle is in the oorrect locahon as the screen only displays the

solid line segment of the task.

Successful solution PUFD 60

. RT90 °.
PUFD 40
LINE3O -

Selected Teacher Interventions

"Do you have a line procedure which coolq do that?"

42 ¢ I \
1) PUFD60  PUFD60 PUFD60  PUFD 60 .
2)  RT90 RT90 . RT90 . RT90
3) PUFD40 PUFD40 . - - PUFD40  PUFD 40
4)

LINE3O LINE3O - . LINE3O LINE3O

\e

LINE3O"

-

: X
S S
PUFD60  PUFD6O =
RT90 - RT90 1
PUFD40  PUFD4Q
LINE30

s

Al} three qrouos were able to successfully complete the task on their first attempt.- 0vere}l ,

s
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.
1

. the amount of guidence required regarding the order of activities (PP, CM, C) is diminishing. The

only difficulty is with the children wanting tgework directly on the compute;'. Attempts ot us;.no

PD were foﬂed with the suggestion of: "Do you have a line procedure which could do that?". Each of

the three groups chose LINE30O' : B
1] .
H
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- Sesslon 4 - Task 2
Nature:  Thetask is presented as a proken ond solid line diagram, hand drawnf’m%quared paper
| rqpresentlhg the turtle's path on the screen with the pen up '( broken 1ing) and the pen
“down (sol}d ling). The disgram was drawn in thetr workbooks. The children were
oy o asked to write and then:verigy Ahe program to fo]low the original path taken by tﬁe

“turtle o

) e -
- . R -

«

Explicit The task is an open' shape consisting of lwo;b?oken lines and one solid line (see

e " tiegram: ~The initiat and final.stetes of the tir i ane'drawn os-fs the starting point
No.meaf.irements ere proyided onliaihe _i_mpu%ii.t reY‘e‘r,ér"ice-fr'om the use ,of squared

‘ 0 .. Implicit: The tesk begins with the turtle (ur'ni(\g.;lleﬂ.“’ The line ‘sg(:Jmér;t drewn by the °

o ' turtle s in the upper- left hend quedrant. The s‘trucgu{e is at 8 2:2:3 ratio

;’;; Lo ] ‘ . A :

Screenbeforethetssk . Screen after the tesk




et

N al

deter
solid line segment of the task.
N ‘ {
u ul Solytion: LT 90.
PUFD 40 or 15
RT 90 *
PUFD 40 ar 15
LINE6O or 30
ted Teacher Interven None
A A '
" Children's At{em
© PP c PP ¢ PP
1) LT90 RT 90 LT 90 tTeo < Lt90 -
2) PUFD40 LT 90 PUFD40  PUFD 40 PUFD 15
3)  RT90 LFe0 + . RT90 RT 90. RT 90
4) PUFD40 PUFD 40 PUFDS0  PUFD 50 PUFD 30
5) LINEGO  RT90 LINN70  LINE70 - LINEED
6) 'PUFD 40 LINE70 :
1} LINE30 TOLINET0 .~ . |
8) LINE30 PD FD 60
9) . END
10) , . EDIT "LINE70"
" LINE70
12) BK 20

Exglicit: A correct solution for this tesk requires

lmplicit: 1.

4

i

1. That the turtle be turned to the left 90 degrees.

2. Move tLe turtle a horizontel & vertical distance.

2

Page 84

A3

3. Uss the LINE30 or LINESO procedure depending on the choioe of input for part 2

_todete mine en appropriate choioe of inputs.

As no vSweesurements for the task are given the child must rely on proportionality

2. Durmlthe computer actwity @ visual check after -eech command fs required to -

ine if the turtle is in the correct location 8s the screen displays only the

¢

L7190

PUFD 15
RT 90
PUFD 30

LINE6O
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[ENETY

lnwcuracy with the drawing as & result of it being done by \gand‘allowed fof legitimate
varied in}erprelqtio_ns in the children's attempts. Tne chﬂdqen's attempts showed group | °
nterpreting the diagram as intended with a 2:2:3 ratio. However, groups 2 pnd 3 both interpreted ',j
the first broken line as being shorter than the second (GR 11: 46:50:76 and OR I11: 15:30:60) -

Durlino the attempt of this task GR | dimqred the additive nature of procedures (GR 1, C: -
hine 7 and 8). Having completed the task , the g'roup dectded that their original choice for the

length of the line segment was not long e'néugh arld they wanted to make it longer. This initiated the

-y

!

? following discqssion .between one of the group members and the researcher”

. hes‘earchler: " “Whet do you went>" : .
‘ " Jennifer "LINE6O
Rppearcher: "What do you have?"
v Jennifer. "LINE30."
Researchpr: "What are you missing?"
© Jenmifer. < ~ = "Another 30X - - e e Lme . « .
Ressarcher: "How can you get it?" ‘
" Jemnifer: . "PU(ahh)PD FD 30." | .
Resaarcher:  "But, dyou have o procadurs thel airaedy doss thet?"
Jennifer: "Yes, LlNE36." ( She proceaded on her own to type LINE30.)

i

. v | " ; ' \
Group |l ‘while attempting the task, used LlNE?O in their paper and pencil planning (GR I,PP:
ling 5) (nce ot the computJr and having received an error message, they simply deﬂned a new
procedure (GR1il,C: Hnes 7,8, 9). Although there appeared to be some confusp(on regarding the
choice of length for LINE70, this stratew. for solving the task, had not been anticipated by the

ressarcher. Group !, &s wtth tosk 1, solved the task vmhout ony errors.
‘ ' \. \\ 1 ' ! g

A
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Tesk Requirements

T

The tesk 15 presented as & diagram representing the screen. with the turtle fn its
starting state and & solid 1ing-a vertical & horizontal distance from it. " The diagram
was draw'n in their workbooks. The cnildren_ were é’éﬁed to fill in path from fhe

turtle to the solid line using.a broken line and write, then verify, the program to

~.

‘ (
follow the chosen path teken by the turtle. ’ G \
o “ .
. Y

.
¥ . .
/ <1 \
i .

- il |

g—————

Explicit: The task 15 a S‘.Ol}ld line dréwri below and to the left- of the center of th screenq"

The initial and f/nal states of the turtle-are i,hdicated but the stert or end Qre no
/‘ . . . ¢ .

lébeled. No mef}surements are given, only thg instruction that they are to use LINEZQ o

or LINE6O to do the task . : 7

]_mjﬂjﬂ_(-" 1. The task ﬁegins with turile'turning through 180 degrees or using BK The

proportions in the diagram aré 4:32 /

\ : . '
2 Concept of the (x,y) coordinete system where x is the horizontal distance

.
a

o

(o n

T ) J x i
angd y the vertical @ai
f * ! ‘{:{ .
]
A -
i . o
. ' /’;
. . P :
2 ; '3’ : [ ] ' 3
. . : “
‘ H
4 [ A N, | '
¢—" - X \
{
’ ‘ B )
! . . |
i / H Cr

i
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o Explicit A

1S present.

R

“
r

precise solution is not required hquvéreijcann of distence: proportion

N

Choosing a path to move the turtle in the pdsition required to draw the line. There

are three possibilities (see diagram) Indicate where the turtle starts and where,

it ends. ; '
For paths | end 2 the task requires that the turtle be moved 8 verticat and
hor1zontal distance in approximately a8 4.3 proportiorr - '

An interface turn 1s required to correctfly position the turt!e"to draw the line .

Use LINESO or LINEGD dependmg on the choice of inputs.-for step 2 where the -

approxvmate proportion 1 4.3:2.

The child mdst identify the requrremfants of the task

As ' no measurements are prowded the child must choosé’ 8 pomt “of referenoe'

(yardstick,) and for success use the properties of proportionality

Y -Durmg the computer acmvity a vnsual check after each command is requlred to

solid line segment of the msk.‘ . ‘ .
3 .
e N s - ) - r .
o PUBK 60/120 or RT 180, PUFD 60/120 LT 90

BN LT 90 5 " PUFD45/90
2 I o RT 90 .
i | LINE30/60 k

\ o o

v . . Pace 87

. determme if the turtle is 1n the correct location ‘as the screen displays onlv the .

A
o X
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v T - — i - , ) " ' . 43 3
o oR | el i VTR
~ . BB T ¢ . R ¢ - BB ¢
1) L1900 LT 90 LT 90 LT 90 S LT90 - LT90
2). LT90, tT90 ,  LT90 LT90 . L7909 ° &0'90
3) - PUFD40 - PUFD 40 PUFD60 PUFD6Q - PUFD60 PUFD6O
4RI RT 90 RT90 -~ LT90 RTG0  _ RT90
.'5)._ PUFD30  PUFD3D PUFDSO RT90 >  PUED30 ° PUFD 30
6)." LINE30  LINE30 LINE4O . RT 90 LINEIS - LINEIS
o - : PUFDSY , LINE30
8) - LINE4 v
.9 o : TOLINE 40  °
SN | , . oEND
oy | , - LINE 40
A The chi)dren were able to 8ssign their largest measurement to the longest Jine  They then
;. etfher percéived the drawings as the horizontai.distance being equivalent to the solid line or just

L. -‘s"light'ly"!onrgeir“ , Althoudﬁ their inputs were not precisely in @ 4:3;2 fxropo tion they did indicate

N '/ ' , K & their imphcit understanding df relative mez'a:squ\mgnt_.
B Two observations regarding usn_ngo;\Jrqoedt;res. In groups |l and il t;e childreﬁ used
Vo "‘ undef ined. procedures in their paper. and pgﬁcﬁmtivity. bgring t‘he. cqmputer activity the errors ;
were;olvgd differently in gachﬁ‘grc.)upf) ) | ‘ \\ ..

. GR2. Defined the hew procedure that they had wanted to se. (GR I, C. lines 9, 10, 11)

GR 3: Changed their procedure ‘io an existing available one buT“as a result chang‘ed‘their

- s - (. :
>~ choice of input and proportionality. (GR III,C: lines6,7) ~  ..°
‘3 * g' N . ° ¢ \ ’ ’ N - . . .", :, ‘ \
, . P S ,
) ) ’ — J
. 0o " ) , W
. . . 2 — L .
? 4 N i
- ’ . . ! N R -
rmpuarbeie
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The task IS presented 8s 8 diagram repr&eentmg the screen with tha mrtle in tts
starting state and a solid l\ne K. horizontal distance away fcom it.. The diooram was |

_drawn in their workbooks The children were verbally asked to fil} in a path from the

kY

turtle to the soHd line using a broken 1ine and write and then verlry the proqram bn

)

+ the computer )
. ’ \
Structure - N T
[ ' ] .
) A
N N B - Displacement™ | .
. figufe (a) ) gurelb)
/ -~ . ) A -
E_xp_lj_cjj The task is & solid vertical Hne‘s\tuated to the rtoﬁf side of the center of the

scheen The inttial and final states of the &rue are indicated but the “start”

»

or "end” are not labeled No measurements are given.

implicit. The solid line crosses both the upper (1) and lower (1V) right hend side

quadrants of the plane and hencs crosses the x axis. Asa resqlt of the ling crossing the

X ax1s there is a negative component (a displacement) equivalent 10 the distance from

the x axis to the beginning of the line 1n the 4th quadrant (sde ﬁqure'b)

—emeaen

: Paoe 89

D

—
.
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E‘xllll.n'l'_t' A precise sofution is not required, however, appligation of ‘distance 'lpr“’PPr'!‘““-

.15 present - )

I :Choose 3 path to move the turtle' to the begining of the line to be drawn. .:-
2. The task f"equireenmvtnq’the turtie t_n avertica) and hor izontal dtstenee inan
approximately 1:3 proportion: | |

7

- 3. The task requires turning the turtle through 180 degrees or using BK.

. ' " 4. Usea line procedure to draw the solid hine. :

A} . 4

" Implieft- 1. The chtld must tdentify the requtrements of the task

2
R

.

the tnputs
3‘."‘6acause of the displacement feature in the task’s structure.. the chosen vertical
distance for movtnqthe turtls is equtvalent to approxtmately ] /3 of the length of

the hne or upon \sisusl tnspectfon the horlzontal length of the broken ling:is

" aqual to the length of the solid line.

LIRS

BK 10/20 or RT 180 PUFDIO/ZO . RT90 e
LT 90 or RT 90 . PUFD 30/60 T
PUFD 30/60 : * . FT90 or LT90 ‘
. LINE30/60 ‘ 'L 7PUFD 10720 orPUBK. 10/20
. o - © * RT90.
' - . RT90

LINE30/60 - '~

2.-As no measurements are gwen the child must use proporttonallty to detérmme

-
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1) RSO0 - RFO0 . AT90 . - LT90 " - BUBKIO  PUBK 10

2) "RT90 ~ . RT90 ' 190, © LT90 " . “RT90  RT90

3) PUFDS . PUFDS PUFD4D  PUFD40 "+ - PUFD30  PUFD30
4) LT90 - 190 - RT90" - RTQ0 | - .4T90 ' LT90°

5) -PUFD1S  PUFD 15 PUFDE0  LT90 - LINEGO_/  LINE6O

6)  LT90 PODFD20 - .LT90 . “LT90 -

7). PDFD20  PEBK20 . DLINE7O . PUFD60 .

8) . LT90 CT90 S

9 . POFD20 - i+ . LINE?D. | |

+

The chﬂdren dd not see the precuse proporttons of the dlagram They all recognized that n.

movmg the turtle their vertical distance Was smaller than the hor 1zontal, usmgapprommately 1

' to 3 prpportno_q (S,!S)(40,60)(10,30‘) ‘However, the relattonsmp hetwpgn the hortm(\tal

- - - ‘

distance and vertical distance veried even though they were equTve}ent in the degram (15,

20)(60,70)(30,60) - oo

“The cmldren had httle difficulty w1th' ihe p'rog'r'amme Noné of 'the children have io daté' '

' o msoovered the addmve property of angle inputs but one group did use BK 1nstead of RT 90 RT 90

, (GRW PP hnel) , , '
QEMM\ s GR’L/ used PD?D 20 Jnsleaoo'f.aprocadure .
L . ‘ ) , -GR’H usedthetr personal\yneﬁhed LlNE?O -

GRJIl usedLINE60

They seem o understand what the ’procedures LINESO & LINEGO produce 85 when their msirw -

' .mpul is not of the Tength 30 or 601he'y etther use PD,JD or deﬁnea new prooedure ,

Yol

+
'




| . This session introducee the chi’ldren to writingendusing prooeduree Two given prooedures‘
. LINE30 and LINEBO ere written in. the workbooks The children themselves enter the procedure
into the wmputer end observe whet eech one produow A series of . tesks is then given wh:ch

involve vertical and horizontal 90 degree trensro;metions of 8 procedure eway from the origin

- Although the tesks were qu1te structured in thet the chilgren were asked fo use LINE30 &
LINE60 they dld find room ior creativity Two things were observed with the children usmg
’ " - prooedurm “One group lB perticuler ( Oroup "), upon discovering thet in order to use 8 prooedure
it must first be dei'ined defined new prooedures 8s they required them Ahother group (Group I1{)

- ' _‘ not being setisfied with the lengths of the given prooedurment around the problem by using PD

. , . ' 4 . . , -t N
N ;o . - . . L. .
. - . - . . .
~ . ’ . - < . f ' K
' o ' ‘ ' Poge 92
U . ~ . .
N - - . : reoe .
. P , P ‘o
. B r “ . s .

i

*FD and the desired input Although these activities wereoxtmde the task design, they did enhghten ,

the rwe&rcher on the cmld;:eniuodecstendmg nLtheJ.lNE:’:ﬂnndLLNEﬁQprmemre‘:

. S | The implicit methemetics in the ectivities was principdily related to proportionalihy of
T | distence and length. The children seemed to have ueed v1suel estimation es.oppokd to geometric
properties end reletiqnships 8s implied by the squared peper. The visua) eetimetions were all
setisfectory mth no errore of scale. (ie o shorter distance wes never given longer length then' @
longetbiilstanoe) S | o |
The children are more skglled in the progremming environment, choosmg without hesitation *
v \ | . the \eorrect commands end syntex for their desnred goals, even o the extent of surpessmg

& o expectetions as demonstretedﬁhe exemplw related to the use of, prooedures ebove

The children were when required sble fo choose a feeslble peth 83 well 8s. eppropriete

i('

sterting end ending points. in the case of g group I, working on task 2 the teacher mtervention
o ‘ provoked the diwovery of the edditive property of prooedures This mtervention hed 6een the
| S | .' reeultof the rmrcher responding to the immedieteneedof the situation.
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[ . " This session 1 centered around 8 homework task that hag! been given n the prevtous week

o ) and & worksheet gwen out durmg the s&suon Both ‘of these actwttres were attempted oy the/ .
24 : /

e chiidren, wurkmg mdivtduatfy Thére were no new prooedures or oommands introduced in thts )

g\

sessmn : T SRR ; /
. . . . /’
The homework task mvotved moving and drawing with the turtle. Th pattern createtj by the

AP three lines: wmch made up the task was symmetmcal therefore imphcitly requtrtnq the chﬂdren to -

n/

o ' L write a p'rogram that woutd preserve this charectertsttc The worksheet consi§ted ot four
questions esch mede up of three dtegrams representing 3 sequence of moves of the turtle ln the .

third: dtagram the chndren were asked to write the command that would resutt tn the destred

]
' ' effect(e) Eachof these activities and the cmldrengettempts at doing them ts/cescrtbed below n
L ‘ ,"’?‘ conchgsvon. oertem q;ﬁogr'*ammtng and mathematical strategtes used by tp(e_ children so fer are-
, | . f"‘:-_m.scussed : o | . | .' R L .‘// : ‘
AT AR
*y ’ ! "“,"' ( 1 / /// - . ,
2 SRR
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5 §m!m_§___l:l_cmmnk (from session 4) u
ummf "The homework Is prmnted as a.diagram with Wriuen fnstructions in the homz;w{rk

-

books The disgram is composed ofa square representing the screen, three solid hrm
and 8 paruallv shaded tnangle representmg the turtle The wnttan 1nstruct10ns are

g ’ es follows: Write a progrem for the turtle to drew what !g in the box. - g

f ) ; ' k ‘
. N - al
;e ". -

-’ e Q
Y
. . ; -

+

‘ The disgram for OR | differed from the one gi\'en toGRII& ., .

0 LI .
\ ‘ Cony oo

(see structure below). )
*v :‘ o ; - “ ‘ 3 ‘ v : - .
Structure y ?a | o }
: N . ‘
e ' . _ -
oA (8) - \ (b) - : .

Task for OR | ) - Task for GR 11 &Il

ﬁp]js_ﬁ: The task consists of three detoched hnw of equal length one ventml two .
' . D " hortzontul The lines gre situated in the bottom_tplf of me screen below the drawmgof
< the turtle The initial étate of the turtle is indlcated but not the final No path
- between the sohd lmes is provided. : ] P
| ]_mn]jg_u The horizontal lines are equidistent from the vertlcul For OR\'I the distonce.
( from the turtle to the\ﬁrst Iine (8) is the same &5 the distance from the vertical Hne'
o | | -+ 1o the horizontal lines (b). For oroupsll&lll the vertical distance b is not present

v (seofiguresaandb)




' | | ,l C o ' : - ",..9@95“7 :
Tnsk requirements  There are many possible solutions. Application of both equal lerigthend
| ) ‘,’equi'd\stame'ls r,eduired ¢ * ‘ ‘
Exnliﬁl 1 =-Moving the turtle I
- IR Dr‘aw'mg'wnhtheturne% | :

"~ 3 uyseof 180 degrees or BK

4. Turming the turtle through 90 degrees” - .

- 5. ' Back tracking ie loqoover the pa}t or partof the path 8 Secon_gti’me

A

b P
h ' _ @ s fa_b
‘ ©figure (c) ' ‘

M 1

. .

. ‘ ¢

- : - i £ oo

) A 4 * . v 4 N .
—

| 'mm_t_g‘_ﬂ'lne horizontal hines should bs symmetrical about .ihe vertical life. This .

requires -

T

L . That the distance from the semcal 1ine and the horizontal ling, on the left be the o

. ; o same gs the distance from the vertical line to the horizontal 1ine on the' right
- 2. ‘The strugture of the diagrem rghuires that the tur t1e refrace 1ts path at least on . ‘;‘
the horizontal lines. The mathemalical consequence of this requires that- the -7
-] A ) ) " - ! o~ » .

, . distance-tietween the vertical and herizontal line be doubled of répeated twice to

draw the second hor12ontal line

; , eq - PUFD A
C- I " PDFDB . L
g o "~ -1 . PUBKB+2A or PUBKB+A or .PUBKB. .
Coe PDBKB . PUBKA .. PUBKA ,
; S o . PUBKA T . e
/ , )
/' ' :. .
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summmmmn The fonowing ise semple of a suotmsful solution

S IR anmo v
! ST . , » " PDBK20
. —>20 . , . PUBK 10 for GRlonly’
. N , . LT 99
- T S S () ‘: .+ . PUFD10 ‘
; Lo Lo 104 10_ . - ] PDFD 20
' e 20, o200  PUBK 40
L ” - oL PDBK 20
A T, . ' (fromdrlbble ﬂle)
1) L1907 LT 90, RT90 _ _ NoRecord - PDBKS  PUBKS
© 4 2), LT90- . LT90 RT 90 « . PDPBK20 PDBK30"
. - .. 3) PUFD5 - PUFD20 . PDFD40 - RT90 RT90 -
.+ . 4) . PDFD10 PDFD36 . RT90 ° - ° . PUBKI5 . PUBK20
\ ©'S). PUFD4  PUFDIO . PFFDSO - - PDBK20. PUFD.20
6) RT90 RT9O tT90 . . PDFD20  PUFDID
7)) PUFD3  PUFLI0 . LT 90 ~ PUFD30  PUFD20
. 8) PDFDIt " PDED20 PDFD100 1 PDFD20  PDFD 30
S 9) PDBK1I1 RT90 , ) . PDBK 30
e . 10) PUBK40 RT90 . S PUBK 20
“& 7 1)y UPDBK 1S PUFD20 o C PUBK 20
" ‘ 12) - N\’ PUFD . . - PDBK3C
. 13 /Pwéo ' | N N

AN buLone child ottempted the homework in one case, "Jéson , a8 the paper and pencil record wes

not aveilab!e usad the dribb\e me for reference.’

Two progromming strategiés can'be identffied from two examplés—of the homeWor’k fn Bennys '
o o osse, hehosused RT and L7 combined with PUFD and PDFD As 8 result of not using, BK he is

7 - -
¢ . ; . 2
A




N

‘symmetry ' :

/_

forced to turn the turtle three times; twice through 180 and once through 90 It takes Benny 8 ‘

total of 13 commanids to do the task. Grace, on the other hand, uses a combination of FD and BK
with PU and PD and turns the turtle only once through 90 degrees It takés Grace a total of 8

commands to complete the task. The difference in the total number of commands required to

S
complete the tasks be}ween Benny and Grace 15 5. They can be explained by the following

] Grace uses the command BK where Benny uses the combination of commands RT/LT 90,

RT/LT 90, FD on two occassions. This accounts for four of Benny's extra commands

2  Thefifth extra command ié due 1o the different diagrams given to GR | and GR 11 and 111 see

structure of t&sks ‘

(23

The other children usedeither one of these strategies or a combination of the two

matical Strateq

*, Out of the five submissions, for all bul onecase \s:\)mmetry about the vertical line wes

—

present One child's program (Jennifer's) did not produce 8 symmetrical drawing about the
vertical line. And another child Gregg, even though. he redesigned the task, he did preserve the

L

Using the same netation s in figure ( ¢ ) ‘tr}ie following strategies were observed

o . - )
, B - :
A 3 2A
A r’b’ o - B
B
Jengpter did the following Tor theoftom Tine | }
From the center fecing left: PUFD 3 C )
S POFDII - ,
B - PUBK 11 . DR | -1/
" PUKB-40 o T 5 N

PDBK 15

' o Page 97
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The PU FD 3 and PU BK 40 do not E:orrespond to the symmetry réquired by the task. Alsowecan .
note that in Jennifer's case she gave the solid lines different lengths.
A special case was that 1n which the task ws redesigned by the child ( éragg). For the new design,

the child just simply filled the spaces in the diagram for the task to become the following

’

-

Nonetheless, the child apptied symmetry using the strategy of ) FD 'b { for inputs
. : BK 2b

¥
. s

y—- a

TR
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Sessfon 5 - Worksheet
;

»
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Nature: A worksheet containiqg 4 excercises was given to each child to work on individually.

* The workshest contained 12 drawings in all, three for each exercise. The three

drawings were to be read as a sequem% going from left to-right. In the third drawing

there wes a blank 1ing where the children were to write the required command for the

turtle to follow the sequence.

structyre. (1)

A

(4)

7

4

(10)

(2)

40
PD.FD 40

(5)

[63

(8)

| "\

(3)

(6)

(12)

5/

/

&

Explicit: The first 'c'!rawing for each sequence showed the turtle in the ssme position but -
with adifferent heading as seen in figures ( 1), (4), (7)end ( 10).

The second dFewing for each sequence ghowed a change by & solid line and & number

representing the length of the line in turtle steps. See figures (2), (5), (8) end

(11).
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N Yy ,

“For the first exert;tse the ’comniapq that was used (o create the change is gtven as an
exa;\ple; The gh\rd dt;av)mg for the first three exercises showeq the turtlt; re@ur‘ned )
back-t0'its driginal position and heading as 1n the first drawing. See figures (3),(6),

: \5\‘) ' - (9), (12). The lengfh of the solid line segments is the same forFﬁ}Qe end & 3rd

U *

* columns The third drawmg for. the fourth exercise was different than for the fjrst

¢ 7 - N -

-three In this drawing, the turtlegoes beyond the orlgmel position that is 1ndicatedby

N | . abroken hne and the heading 1s changedhy 180 degrees See nigure ( 12).
| Implicit The turlle headmgs n the first-two exerc:ses have already been seen by the-
b children. Whereas the headings in exercises 3 and 4 shn)wmg RT I 35 ang RT 45 have,

“up untllnow not been seen 1n this envuronmem , L

o

'The change 1n tha turtle position as seen 1n the second column of the worksheet -1s 8
. resulls from using the gommands PD FD or PD BK with’ the corresponding varying.

3 v .« . . r1nputs('40.t'>l‘,,£'57.|02)‘ : L 3
3 ' - ‘ : .

r

t o f " The third column for the first three exercises 1s 8 result of using the 1nverse of-the
. u . - . .

/ ) command used in thé second column.  This 1s also true for t,he fourth exercise but the

o

N ) : turt\e 15 moved beygnd ft's orlginal posmon by 90 turt\e steps ang its heading.1s
changed by 180 degrees '

’

, .
- . - M

. . r

. ~ .
X3 ; ~ L4 -
- « -
I . . .o .
o P

Emllﬂl A precise solutwn for each exermse requnres

1.. Wribing the command in the thlrd column whlch is the Inverse of that demcted

i

in the secpndcolumn. -+ ' : 4

v L

/
PU B PD ;ould be gsed i the oommgnds for the. solutions of the ﬂrst three

\’\J

-~

qxercises. I ! @
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o . 3, PUor acomblnatlon of PU and PD are required for theeolutlonof the fourth | o
exercise ' . T .
© 4 Turning the lurlle through 180 degrees ls required in the fourth exerciss. n a
Implicit: The task reqmres ) /)
- : a) Know ledge that the commands PD FD end PD BKdothe following 1) drow & Hné | "
' ~when the turtle moves 2) chenge the lgr‘\tles position 3) do not. chepge the turll&s ‘
. tleedlng | - T o | ' S
- = b) That thecmldren can mterpret thesequence This reqmres ’
‘ ) l) Inal ablllly to ldenllfy the commend uwd to’ go from the flrst dlegraln 10
s thewcond | \ ; o ‘
— 2) And then Mentlfy the com mand used 'tp ® from lhe second’ lo 1he third
) < Thet the children use the lnverse of the oommand lhal was used to -0 from the
o firsl diagrahf’ to tne§econd for lhe command in the lhlrd , ) .
‘d) -Use of, reletwe measure of length as no length ls prwlded ln lhe third column ,
. qflheexer’mse.ﬁ SR f. ' o : o ’ ~
&m{y_{_&gjmm; .The commands|required n the third box for. each of the feun exerclees— .
are as follows: P l'r N T
- P 'pu}pe‘ex4o : / , S S T .
.2 PU/PDFD 63 ) T : S
3. PU/PD BK8? S v . DR ' . '
| ('A)"i SRR m ey -
"4, . PU/PD BK 102 .- PUBK192® CORTIBO
~ PQ‘EK?O "‘I f-gl/ﬁ(’wé, - ,puro/%_”, e
Ty e ‘\ e L e
Riariso ¢ f*p‘wpoekleg S T
..~ - PU/PDFDI102;" .. RIATI80 ~ --- . " - - - T
. ’PU}FAD'QO'? R FD"QO S ‘ R \' R
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l’hé following isa sample of a verbal lnstructlon glven with the worksheet. 1tisan exoerpt

' from the tape with groupl #

I

“The first block is where the turtie starts ‘Thi,s is,what the turtle

does and number 3 is what you have to-do to get the turtle where it is "

¢ ]

” 4 W rrors v L e
Sempte gbrrect | L ‘ - S
solutions ___\Jason Jennifer _ Grace Robert Benny Gregg

. . , _ -~ B -
. )

1) PUBK 40 V4 '/ v | / FD 2 )

2) PUFD63 S T B V. Bk

3) PUBK 87 A / D v/ / .

™y -

4) PUBK 192 * - /' besting vating: v .ekoo -V
.+ RT 180 . heading -

4
i
i - 4

/- indicates a correct solution

-

N - ) .o _ -

In the first exercise the type of error observed is that of using the mcorrect corﬁmand ‘Two

of the chlldren (Benny & Grace) used FD lpsteod of the requrred BK. They did however use the

i -

epproprlate input (40) for their choice of length. . , : o /_

?

In exerclse two, we observe ‘two dllferent types of errors. The first, that as’wen in exercvse

* one, u§mg the incorrect command. Two of, the cmldren (Robert &Gregg) used BK instead of FO

But of these two children only one of lhem ( Gregg) is the same a&s in exercise one. The second type

-of error is that of uslng the incorrect input for the nholce of length In this case, Grece useda

correct sequence of commands but chose 60 instead of the oorrect 63 as her lnput

" For the fourth exercise which requlren moving the turtle an additional 90 steps for atotalof



_192 and changing the turﬂe headmg by 180 degrees, two lyoes of errors ere observed os well s

- steps but did not change the turtle heading'in any way Another cmld (Benny) did not change the .

“Pace 103

~ .. T . -

mfferent strategies. Two children (Jenmfer & Orace) maved the turtle the correcl 192 turtle

3

<
turtle headmg in any way but he also only moved the turtle 90 steps (the broken line section)

qu Tollowing isa sum mary,of {he successful strategies used by the children in exercisé 4
v « * - ' 2

1) Change turtle heading and move turtle the total distance

4, i

(Jason) . RT90 RT9O - . - .' o }
; CPUFD 192 .

2) Move turtle the tota] distance and change s heading *

7
-

(Gregg)- PUBK 192
{190 L1.90

[}

3_) Move the turtle with its peri down over thé sold line, then.move the turtle with the pen .

'y

~  upover the totted line and change the turtlg's heading . T - T
(Rofert) * PDBK 102 e
PU BK 90 : L : PNAS
LT90 1190 - ' L .

-

< Due to the children's inconsistencies in the 8rrors.d summative summary 15 difficult The
most common error in the first three exercises fs that of using the lncorrect command Only one

child out of the total four who made }hls type of error consistently used the wrong command

P



With five minutes remaimng in the s¢ston the r‘ewer‘cher osked the cmldren if- they wanted
to do another task Benny replied "Can we draw 8 pumpkin “ The researcher replled yee "and the .

children proceeded in their ghoice of direct mode ot the computer.” The followung is.a - .

-

reconstruction from the dribble i le of what they did ' ’ \
. , 138 o .PDFD13 PDFD20 -
RN = ' — PDFDS6  RT 90 ,
- ' 20 ‘ LT 90 ~ PDFD S0
& 20 30 o i «~ PDFD40 LT 90
50 , PDFD 28 -."PDFD 60
' 40 + 28 ' . LT90 °~  PDFD10
S 60 | 1 , RT90 - LT9Qm..
s e w0 e o B9 RT 90 PD FIM90
R l EEEE A C e, T PDFD30  PDFD20
: X - e o DT LT 90 PDFD 10
cooaed . 90+20+10+20 |~ PDFD20  PDFD20
I - —— ] LT 90
' © . 140 oy S .
\ | _— :

l

An examlnatlon of the. Tlnal product lndlcates that the total horizonta} and vertical lengths

_ore not far off from each other ie. The total verttdal length on the rtght ls 99'whereas the total

*J

vertlcal length on the left Js 90 A dlfference of 9 turtle steps. A symllar eomparlson can be made

P

w1th the total hortzontal lengths on the top and bottom which have an overa!l difference of 2 turtle
steps Only the difx ference in-the verttcal length is really noticeable on the screen. Nelther of the

chlldren hed wrltten down any tnput information nor was the full screen option ever used to -

bl ’

. display previous 1nputs. From “the hpmework glven at the end of session 4 we just observed that
tn Benny"s case he was suweésful tn reproducing symmetry in 8 program‘ If we were to judge

Bennys oppllootton of symmetry from thls constructlon one might oonclude on sbsence of this

f e

- oblltty




» ]

Sessnon S consisted of éhe(;king 8 h&mevtrérk ass’ibnmé’ﬁt thet was iven at ,ihe end of seséton 4 :

" and'working mdw:dually on a worksheet The observatmns' fror4(M activities focused on 1).

o genera\ programmmg ,strateg\es 2) strategies for the ca\cuhtlon of symmetry and. 3)
programmmg and math strateg\es used for. changmg the turtle heodmg and movmg 8 composste

' . [

distance L A

‘

N

The major mstmgmshmg factor in programming strategies is the use of the series of mree
ooinmandé (BT/LT 90 RT/LT 90 FD) by some cmldren for the same effect as usmg the smgle

command BX by others Some cmldren were found fo consistemly use one or the otner wmle

! ,

. . A. ) \ .: N . ,,‘ . . . ., N \
ot ‘0thers usedacombmahonofthe two ' IR ) AR T

2\.8, e
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The overal! objective of seesion 6 was to review procedures (their syntax and use)-and

. \ . - .
A - - reinforce the task planning stra‘tegy. The session consisted of - two'questions, each asking that a
’ v 3 ‘ , ; - t ; “ i - ' "' « '
S )specmc procedure be defined, followed by three tasks which required the use of the procedures

To enforce the planmng strateqv the cnﬂdren were remmded towrite \ntnewr workbooks the
i I : chmce of path (when reqmred) chotce of measurements tnelr strategy re. S.for startand E for

endand their program The thr e tasks were desion% wuth the followmg underlymg strategy
Task I' S\mtlar to the tasks i session q, requnred to move the turtle and draw a lme USmg only T

L

PR (oneprocedure T Ty

R tesk ", Requiredto move the turtle and draw two lmes jomeo at aright angle "This was the ﬁrst

-0 - task requtrtngtheteprooeourebe mterfooedwuhenothgr \ Ce L

' Tosk - ‘Required only drowmg with the turtle using two procedures Tms was the ftrst fesk
which constructed an open geometric shope begtnmng at theorigin ' ‘

, This session Js to be followed in session 7 withvthe Jintroduction to state %ansporent
P p .

prwedures and angles other than 90 degrees A detaﬂed description of each tesk and the c'\ﬂdren s _-\‘

ottemots ot doing them ls\rowded below

! — [ ' -
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' Mygg;‘ The sef of tesks for sessuon 6 begm with the cmlaren wrmng and entermg mto the

S computer two_procedures: LINE2S and LINESO  Ta§k number 1 4s the first !ask on

VAR
‘ 8 the page in the cmldrens workbooks ‘The printed nstructions read  Use your
/ B
. . prooedures 10 do the followmg A verbal instruction s also gwen to drow in your
' path put Start and End, fil) 1n the chouce af 1nputs and then write the program

n:' A i ‘ »

- * -

Emj_j_gn The task is, a homzontal sohd lne Iocated a vertical and horlzontal distance

N ' from the turtle As seen in the dtagram no path 1s provided between the turtle and the

+

hne Also excluded from the d:agram are any measurements

-~ 14
—-—

Lmn_l_im The struclure 1s designed such that the vertical dlstance horxzontal distance

2 .
- and hne segment are all the same length The planmng sequence 1S an tmportant par,L

S ': of(hetasx ) f',
.'M—Bm——'m u "_‘ .. v.
T :
! |
- i .
AT -

e

Exp_]jgj_t A precise so\ution for this task requlres
1. Mevmg the turtle an equel hortzontal and vertical distance f.e. 2‘5' or SO

turtlg steps.
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+

-

2 . Depending on the ch;\nce 1n 1 using LINE25 of LINESO to drow the solid line
' me_l_l_cj_t 1. Planning stfategy Choasing an appropriate path, where the turtle will start -
and where it will end; choice of 1npats, writing the program
2 The correct headmg‘for the turtle is necessary for 8 sqocess!u} interface wjt'h
a procedure | '
’ &m{u]__&g_]uﬂpn The solution reguires that the magfam be iabelléd with the rollo,‘wi‘ng, a

drawn path, S for slart and E fcr end, chorcé‘o\f 1nputs and the written progem

s

s 25 L F | PUFD25/50 . 2 RI90
— RT 90 PUFD 25/50 -
25 | : . PUFD 25/50 LT 90 ot
‘ o . ‘ . LINE 25/50 \/ PUFD 25/50 .
- As . | - RT90 |
‘ . B , . LINE 25/50
. . > h \ i ¢
selected Teacher |nterveantions:
3 "F111in the drawing beforp you write your program. <
- , "Use your procedures and not PD for drawing.”
. -f‘)‘ ! . * ‘ . - N ‘ l‘ | * ) ‘[
eRI 6R 11 . eRIN -
. ' PP £ ep ¢ X Re 6
' ’ - (tawwdeo tape) (taken from video Lape)
“ . 1) PUFDSO PUFDSO l PYU FD40 ~PUFD 40 PUFD2S - PUFD 25
: 2) RT90 . RT90 - RT 90 RT 90 RT 90 RT 90
~3) PUFDSO PUFDSO PUFD70 . PUFD70 PUFD 2S5 _PUFD 25
4) . LINESO LINESO . . LINESO ~LINESO . LINE2S LINE2S
‘ - \ —‘:‘» . e : #
P E ]
i - )
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< P r’-’;’ ‘

AN three groups chose the ﬁrst path 18 A' -

OR | correctly useg 50 turtle steps for all the measurements (50 50, 50), made no
programming errors, and correctly usedaprocedure v ,~’ AL |

6R Il used a different length for éach input (40 70 50) They had no programming
errors and correctly used a procedure : - "

‘6R 111 correctly used 25 turtle steps for all the measuréments (25 25, 25), made no

)

programming errOrs and corr ectly used a procedure .
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' e
e ?. - Neture: This task is the second task on the page used in session 6. It is prmnted:as two solid
lines joined at a right angle a vertical and ho:‘izontal distance from the turtle. ,{‘he .
" task is located 1n the hpper left hand quadrént. The printed-instructions read Use .

your procedures to do the following A verbal instruction 1s also given to “drew n

your path, put Start and End, fill in the numbers and then write the program *

> T .
. . :‘ i P d ! 4 | .
, AL | ]a . ,.\\
o : " A \
T (@ R L

'e

: The tesk is @ horizontal and.vertical solid line-jowned at a right angle ‘The 4
lines are ‘spproximately a 1:2 Jroportion As seen in the dragram (a) ‘no path 15
provided betwesn theturtle and the drawir{g Also exciuded from the diagram are any

N [

measurements

.;_’The diegram s constructed so that the vertical distance -(a) bétwee_n the turtle ’
e and the drawing 1s pquivalept to tfe vertical hine (d) in the drawing, 1€, (8 = d): The

 same 15 true for the horizontal distance (b) and the horizontal solid hne segment (c)

,
.
- :
) ie (b"" C)' ‘ Iy
3 . ‘ N ' . /
A .
e ' 5 4 i . » ! . o »
S - - ) . <
. . . !
- | B . .
.
e 14 . e ? ,\\ °
L - !
- o > -
o . . ki
* » 200 ] 1 ' <
2! . — [] [ N
' ' .t "
- .- H 1 .\
- .0 bocaad
oo, 3 P P
A M
:
S
-.‘ M .
;ﬂ‘,
i ’ .
'ﬂl" - o
Sd Lo e Rty & T -
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Explicit: A preciseglutton for ths task re&urres’ =t

< f S Movmg the turtle horrzontally 25 turﬂe,sﬁps and vertrcally S50 tur\le steps

o2 UsinngNEZSandLlNESOinterfacedwnhRT90t0drawtheﬁgure’ .

[ - Lmn_um 1 Planning strateqy Choosmg an appropriate path; where the turtle will start and
' | " . where it will end, chmce ofmrﬁuls wrmng the program
_ e
T2 The correct headmg for the turtle 1S necessary for a $u ssful:\nterfoce th‘h a
procedure S ! . ‘ ~ . A

Sum_s_ﬁﬂ_&]_uﬂm- The soiutron requlre"s that the diagram be labelled with tne following; &

drawn path, S for start and 3 for end, choice of 1nputs and the wrnten program This should 100K

_ \
asfollows ' -
b T i o .
£ . T
o | PUFD 50 . .
S0 : LT 90 '
252 - PUFD 25 .
‘ 150 |- LINE 25
‘ 1 | - RY 90
\ As LINESO
’ ' ’
Sblected Teacher Interventions: - , —

* the two cmldren in group il began a diséussron on whether i was faster to correct 8

lateralization error by contmumg the turn through 180 degrees 1n the same or opposite direction.

\The researcher intervened and asked: ' "Why fs it faster 2" (see details under children's.ottempts.)

*

. - . v 3
. . . N . M . ’
: . . o -~ ‘ — .
.. . N B _ . .
V-. ' - ) ’ - \\ .l v ‘ - N ! 4. ‘
E ~ v - N . . v . -
e N . R - - . . . ¢
S T, o, N T D T B ) - o L .
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- 1
' Childron's Attempts:
OR | ' oR 11 - ORI
Ep £ PP ¢ .- BP " :
(taken from video tape) (taken fro',m video tape)
1) PUFDSO ° PUFDSO PUFD 60 PUFD 60 PUFD?2S PUFD 25
2) L1900 LT 90 RT 90 - RT 90 LT 90 LT 90
1}_2_ PUFD 25 PUFD 25 PUFD 30 RT 90 PUFD20 PUFD 20
74)  LINE2S LINE2S - LINE2S , RT 90 LINE2S LINE2S
5) RT90 RT 90 LT 9Q PUFD 30 RT90 , . RT90
6) LINESO LINESO LINESO LINEZ2S LINESO , LINESO
7) LT 90 - .
, 8) - ’ . RI 90
- - 9) RT 90
10) LINESO

2

All three groups of children met the requirements for labell.lhg the dagram, 1.e. choice of
" path, chorce of:innuts. start and end, and a written program.  GR . chose thecarrect (50, 25,

- - 25, 50) inguis for the task and the most direct possi-b.le path. They had no error in théir

' '-’.': “pr(?gram. GR II- choseiproporhonalely correct inputs (60, 30, 25 S0) and also the most direct
_ possible path. Ther program hou}ever, contaned wo lat‘eréhzaixon errors (the only two

possible) GR Il laﬁelled their diagram correctly and had no errors in their prbgram Thewr

choice for inputs were (25, 20, 25 ,50). The first input (25) and the lest input (S0) should

have, based on the structure of the c)hagram , been the same. '
Group |1 used two different strategies for correcting a lateralization error. The first (GR H1, ~
" C:lines 2, 3, 4) was to turn the turtle 90 degrees‘ in the same directiolf twice.. The second &GR I,
Clines 7, 8, 9) wes ‘}o turn the turtle 90 degress in the opposite direction twice. The fonowtng \
< is &n excérpt from the videotape of the children discussing the advantages related to the use of °
th‘ese two strate'gies.q‘During ;he discussion thé rdsearcher 15 acting &s a provoker. |1 begins at_ GR

I, C: line 7, when Gregg notices that they have once again made an incorrect turn

—
€
[
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L Gregg: “Oho, westrikeagaint” . -0 . . 0 N “
‘. Robert: "Mmm - LT 90." o S
ST Gregg. ~ "RT90, il'sfaster if youdoRT." . ~ °
Cor Robert - "RT 90 RT 90." (typing) < o +
., Researcher- - "Wny fs it faster > o
. .. Bregg "Because, 1f ypu ke this it will have to go shhi!” .
- o - . N “
. " Robert. “*RT 90 RT 90 twice'; R T
* . H . * \ ,.:,‘ . ’ . :
Greag "No, LT 90 LT 90 ~ Well, it looks fastér on the screen.
. 7 lquess beceuseof theline” - T
- Researcher. "Il looked faster?” -
) Robert, "Yes! cause if you 00LT 90 ftwent 1 -2- 3"
iy ! Greqq. . "No . lf your turtle 15 ‘Tike tms ng ng and same ng ng
CRPN ' (mumble) ' e
/ . ‘3& .
-r Researcher tthe fa@or 150ne fasler’»’" G
Gregg . ttst g same. | just thougnt i would be faster " N
«,  Robert "0k LINESO" . - Lo
»v'_"‘ ke AR K L “‘ZA\ h : | “: *:
..' . . ‘ «S. . ‘,;'
‘;:' e YT | "‘\ S . » , -
o :‘ ».' - j - : ." _ "'
i T R L .
N A A ' "
e e \’; ,,: 3 - . . ‘ ‘ "
- - S - N v‘q. 2 - ;, - L »
. B ~d - . » L . ~
.- . I - -
- v - ;‘»“‘: :. "' v . “ - A ‘ s - - _,:
Dbl e LR " .
K &A.“}d.$"‘z:~ ::1":~.“n- "..“;u‘\‘ - _‘-u_’ , . ~ ) 'n ! ?‘




. __Natyre: : The task is the thir?j‘ task on the page used for session 6. It1s presented 8s two sohd
\ lines )oined at 8 right angle wnh the turtle mplcated at one end, The task is Iocated n
the upper right hand quadrant The 1n3tructions read. “Use your procedures to do the

followmg. ’

. v
. > v
. N ’ = ’
K LY
. ,
.

2 . . . [l

‘o'

. . : ‘} _ N . -
Explicit: The task conmsts qf a vertlcal and horizontal hne 101ned at 8 right angle The hnes

are approxnmately ina 1:2 proporhon This- task requ\res only drawing with the

turtle. ie there is no path provndedor required: v

“

b

Implicit: The task 1s oeelgned 50 that the verhcal line 15 equivalent to approx1mately tw1ce the :

horizontal line . ¥ : _ ol

. L}
. .
-
Lo . 7, ‘ e

.
Tosk Requirements:
.

4

.

-

Explicit: A precise Solution for this task requires:
1. Using LINE‘ZS andLlNESO mterfaced with RT 30 1o draw the ﬁgure

s ]mn_um The task requires. only drawmg with the turtle using procedures
- l / .

-

i .9

»
N
- ' [}
. .
»

. The solution requtres that the diagram be labelled with the followino S and E, choice

of |engths and the wmtten program An example is given below.

- ’ i © , ' ) a

) . . ) J . : \ . )
7 ) . . , 5

- - s . . o . il -



~ P hd -
v ad .. °
2} T N
“~ E]
e F] L i 4 ! - °
s " - » * -
3 { ‘
+
t “\ t N I ‘
, o : Page 115
. . . ace
- - VN~ hl
* 4 s Y J
- -~
y
+ ~ - * r
I / 1
4 ' ~ | N - \
. , . ¢ IR

. . . ' .
g f \ " . / < .
s .. L . . .. < \ ,
- . . . - e s s 50 [ o . . N . »
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Ce e 2 L3 ~ , . \ Y . L'NE 25’ R . o . "
' ’ ‘ * . . < ‘ ¥ . tes B 4 + v * - - ’ .
- . . LI . , oo . ' .- o .

o , 35 o . RT90 LT
B - P
: .

o, L e, ’ ' -« .
- 1 . . ‘ " LINESO e i
v . . N , FES) ., - .
’ s 4 v M N .t v N ’ ~
1 i
s, y .S o B N f ! -
- T . 4 . A t vt M / N
—~ - s PN - * A
. - - 1 1
, : . - AW -
4 - L ¢ N I's
R . . - . " ¥ |
IR - P ’ . B . / v
EN r ' \ 3 \ ] .
\ Y . - - - .
o f t . *
L. co ‘ , ¢
M , LN Y Y . ¢ {
v . ~ ! 1
\ , ’ Qmmmmmmh - ) \ N . - .
? % .
~ . ? [

T e TRR L R L

Do ) U UKE2S O INEZS Lo - LINE2S. LINEZST . LINE2S . CLINERS
© % 2) R0 . ¢ RT90, - - RT90 *° RT90 . . RTSO: . RT90 ¢ Lo
3) . LNESO-  LINESO -~ o LINESQ . LNESO. - LINESO .- -LINESO '~
a‘ 0\ ’ . . \ '.- R N g‘\ . .

. A§ the above table demonstrates all three groups sUccessfully completed the tesk on their, nrst

i

attem pt

]

The session reviewed procedures and moving and drawing with the turtle. The children were

asked to define two pl;ocedur(es and then use them in a series of three taske. W'hil/e etternpttng the '~

I -

tesks planning was emphasized

> . »

h ’ In general the children wece able tcrdefme the two prooedures LlNEZS and LINESO Gundance o
- was required for some regarding procedure syntax. )Il three tasks tﬂere successfully completed
e ~ with relative ease _ . : . .
| ' N ;. o
v ' ‘ . ’ v
' . ‘



The overall objective m‘t‘t'ns sessioft was to.in‘trqduce the children to a turn othef than 9t),
,cbgrees | A state transpaent prooeddre was defined and used tn the tasks I order to emphas’ize the
r, ' Lo~
turtle s rotatlon the sessfon wes made- up of five tasks and one homework cssmnment Together,
v ‘these SIX tasks ended 1n acompfeted ( 360 degree) rotation about the orlgm ,l T
o ,. . ‘ A very specific hierarchy was used n the deefgn of the tasks and their s:equenoe The session
o ‘begfne by defining a Ifne pracadure which is then made into & state transparent Ting procedure
b & . :ThlS modmed prowdure 1 used in a series of tasks which requtre the child to’ drew the followmg

Lk N K

(n (2) C{(3) @ (5 ® , f

The under lying strategy for each task isdescribed below: ' S ' .

Task 1 ' Is the first'task for ‘which the children are to use a étate-transperent prooedure to
X ,

draw it The fsolatfon of the turn abouf the orfgfn emphasnzes the effect of RT 90

- Task 2 Is 8- snuatfon m wmch the turtle must be turned other than 90 ‘gegrees. Agam the

’

emphasxs is on the rotation permttting the children-to observe the' sffect of RT 90.and

*

thefr chofae for the second reqmred turn

S 4 -~

Task 3 Sfmﬂer 10 tesk 1 only this time emphtmzes the effect of LT90

.\‘

R

—— Task-4 Sfmflar to task 2 having tne same requirements but‘with aleftturn T
Task'S:  Structurally the task is task 2 and 4 combined. From a deometric point of view 1t
divides the upper two quadrants into 4 equal parts (of 45 degree each) which could be

solved by rotatfng the turtle through only 4@ degree turns

”\?\ : # : ")
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Task 6

I3

A detailed description of each task and the chilgren’s attempts 1s described on the following pages -

- ~

7

This tesk was 0esngned essentially 85 a backup for tcsk-S- The ideal proﬁramminq

strategy for. the task 15 t0 use mnhnuous 45 degree rotahons It imphcitly
: s
demonstrates acomplete rotation about the ongm
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Nature: - Tfe session t;egins with the first task which consists of two parts. The task lovolves

writing a pr.oceduré to meet specified objectives and then . modifying this
procedure to. meet an additional objectwe. The first procdure is 8 non-state
transparent line procedure. The second_ procedure io the same line procedure
. modified to be state transparor_\t Task | 1S presented m trle workoooks On 8 new"

page for session 7 and includes questions 1) and 2) o "

A
”»

. . o .
a h # v N
Structure: ~ ' ) N
: -
B € K + <
’
.

Exp_u_cn Ouesnons 1) end 2) are jxven as wrmen mstruchons without any magrams
They read as follows \ o / o ’" .
) Writeoorooedure todraonNESOturtlesteps long - .
b 2) Write 8 procedure to draw a UNESO turtle steps Iong only this ume return '

-

| . theturtlepmhereltstarted % e
]_mn]j_qj_t Ouestton 1 is the LINESO procedure used In msion 6 It is 8 non-state
| transparent. procedure. Question 2 requires that LINESO be made into a state

{ransparent procedure. The LOGO eonor was used for ouesnon 2

. ) R . |
Exil‘&l.l. Aprecisesolutionfor eechquestion inthetosk requures .o
o ) Using the correct syntex fora procedure.

"2) Naminq the procbdure .~



3y For question 1) dr%dg 'a~LINE56 lurtlé st,epS'lond and for questions 21) -
' moving the tur\/back 50 turtle steps. ‘ C ,

l.mﬂ.llcil Ouestion 2) _making the procedure state transgarent reqmres' usin{) the

: N .
o ) . precusemverse of the commandused todraw thenne for qumt\on l) le the lengths
\ 1 4 » [
must bé identical  * : <o
» _ ' i - - -
2 | .
’ - Succébsful solution: Solution for question 1) ’
. . TOLINESO : S ST
LT PDFDSO . . T
. D C s ,
: . 7 . solutionfor question 2).
,) « . TOLINESO ‘ ,
i : " ) . : oL pQ FD 50 { o , . i L .
‘ - _ © . PU/PD BKSO . . R Y
. - _END ‘ \ S.E K 0
' 6R 1 S BR Lo T R
. Q ) -~ -_PrB . . . EE ) r
(1 (2) o T (@
‘1) "Procedure PDFDSO 10 10 . TOLINESO TOLINESO
‘ 2) - isondisk” PUBK S0 LINESO  LINESO PUFDSO - PDFDS0
- 3) “ END * PDFDSO  PDFDSO °© END PUBKS0
S 4y | - END.  PUBKSO . END
F T s) ‘ | END, .

,‘ , ' ’ . : : ' : |
The chndrens responses to question one were varied Group I's response that “the

procaduré 1 on dvsWrect as 1t had been saved in session 6. This response wes

* ~ unexpected by the researcher at that parttcular ttme but wes used &s an oppor tunity to work with ©
b thelwdemmend T . S
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Group 11 which separoted the commond TO from the procedure name ore Showing some dlmculty

N

" wtth the recan of the syntax. Group Hi successfully completpd the task

For question 2) Al the children used PU BK 50 correctly 8s the inverse for PD FD 50 used

adding to it the line PU BK 50 In the proper sequence
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in question 1) The computer part of the acitvity was gwded by the reseercher who

L

.. demonstrated using the 1060, edntor fe. The LINESO. procedurp from qu%tion l)was edued
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, Session 7 - Task 2. . .
- Noture: Tesk 2 S given as @ w?men mstruchon with a diagram n the workbook Itas
| queshon 3) which follows immediately after questions 1) & 2) frnm task l of
, session 7 . o S
.- Explicit: . The written ‘instructions‘ for the tesk reag “Use LINESO to drow " The- -
dlagram is 8 sohd vertical and horizontal line of equpl lengths joined at aright angle
. and opemng towards the mght The dragram has no labels regarding length or wnere
the turtle 1S : . - N , Y ’
. ]_mgj_im The sohid lines represent LINESO Because LINESO is now Stete ltronsparent“
P '} N : .
th‘e choice of the starting point 1s crucial
i ‘ Emm_l A precise solution reqyires ' .
) 1. The use of the now state transperent procedure UNESO . o :
. . 2. Cnoosmg an. appropriate startino ﬁomt gwen that L1NE‘50 1s state -
. transparent. .
: 3, Turning the turtle through 90 degrees
. \ implicit: Moving the turtie back HO turtle steps to draw the second line is not: reqmr,edj'
'8 LINESO, which.is state transparent, already does this,”
— - ‘ -— l. + v
,:
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> m_lmmmmm ‘The teacher 'refrained from mtervemng when the children .
" wrote LINESO followed by PU BK 50 Hoxvever the chﬂdren were gum&ewhere to begm the:

ask ‘, ,
' . !
© Successful solution: LINESO O
‘ - ’ RT90
' LINESO . -
Children's Attempts: , f
. PP © ¢ PR\ ¢ PP c
"-1) LINESO  LINES0 LINESO  LINESO  LINESO'  LINESO
'2) PUBKSO RT90 PUBKSO . PUBKSO RT 90 RT 90
3) RT90 LINESO RT 90 cS . .LINESO -+ LINESO
4)  LINESO , LINESO LINESO L .
S 8) . o i , RT90 '
S 6) LINESO
«’ . ‘ . N N
o + _"‘ ,.-‘
7, Group | corrected their error before typmg m the mcorrect command PU BK 50. It would
, seem “thet the visuol clue from the screen helped them to, modlfy‘ their program before it was fully
, executed. Group |1, on the other hand, octuany typed in the command PU BK S0 before realizing an
- @rror. Almougn they did not act upon the first visual clue as GR I\ did, they were still successful ét\
.7 identifying what their error was , This can be seen by their use of a correct program in therr’
\ '
S seoond attempt GR 1 did not encounter any problems .
. Notg Although the chﬂdren were successful in oorrectmg their error, perhaps some of the
oonfuswon regardtng what LlNESO actu( 1y did oould have been avoided hed a dvfrerent name
: such 8s RLINESO been usea for the mogefied LINESO. ‘
AN \
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. Nature: Task315g1venasawr1tten instruction withamagram‘ Intne'wor'lgbobk it 1S question

46nd 1s located directly to the rlght\of question 3. The written par.t of the~task hes. = ™

N . . . L ,{’l i
been written in such a way 50 &s to start adicussion. This task is.the first task which ;
., . ' requrestheuseof angles other then 90 degrees - T o
Structure: |
. 2 Exp_um The written 'ir;structions for the task are "',Dﬁ you thinky that you coufd teach ’
} o the turtle to draw this?" The diag}am is identical to the diagram described n task 2
.‘except that.in addition 1t has a third sohd hpe drawn at 0 45 degree angle. The
. diagram has no-labels regardmg Iength angles or where the turtle 1S,
T implicit:' The sold hnﬁ represent LINESO  The task 15 intended:to. be drewn using 0 stote g e
e - transparent procedure so that the focus of theﬂtask tson the interface. i.e. the tunn.
Task requirements: - ¢ : | T
. R ) .- ;e ) T . . ; 4 " A
' Explicit: Aprecisesolution requires
9 ; : oo ‘

N . 1) The use of the state transparent procedure LINESO -

C {

2) Choosing an approprlate starting pmnt given thai LINESD is state tnansparent
- ¥ . ,
" 3) Turmng the turtle trpough 90 degreesand‘!suegrees N T
1 ]_mpj_[m The task requiresaturn 90 degrees RT or LT 90. Calculation oL 1/20f90.
 Successful Solution: LINESO or LINESO ©. - -
- RT 90 ‘ . RT45 -~ ° x '
LINESO - . LINESO .~ "¢ .
. LT4s RT45 : - '~ =
_LINESO - ) , LINESO . >
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‘group began attempting the task orally. Each group’s first at}tempt-to dra)v a }ine at a 45 degreé

'y .
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‘ ' . ' ! ’ N I./r‘ ' f.h, o
' | wnatdldyoudotoget ittoooalltheway”)' : e
Whatishalfofnmety? LT N . ‘. “'

"The turtie isn't very good at math so you have to_tell it what half of ninety is.”

—
/
- J
vt

114 ¢ ., BP, - ¢ PP . €
1) LINESO LINESO "~ LINESO LINESO » -+ LINESO LINESO
2. RT90 RTQ0 "~ . RT90°  RT90 RT 90 RT90 -
3) . LINESD  LINESO © LINESO . - LINESO LINESO : LINESO . .- -
4)« L1455 -, LT45 = . LT45  LT45  : RT45 RT 45
"S)° LINESQ © LINES0 . LINE-- . LINESO " LT4S
. T - LT 45
- LINESO
. 6 [

’
\

The task began with adiscussmn prou’rid the man1pulations ifsmg popsicle sticks to represent

. the diagram and a toy turtje to represent the turtle. Under the guidance of the researcher, eapn?"> '

v

anglewe‘sthe,folloyvir_ig \ o R | ' | ‘
| GRI Halrrlghttur‘n90 ST - .
R "Helf right turn® t 0 ' B . " 1
ehm"i'u ”Leﬂturnahalf s T T o ST

-The deslqn of the tesk gssumed thet the chiidren would know what should be halved i.e. thein t
.90 lt seemed to be obvmus and conslstent wnh what ihey hed done s many times when changing BN

. "*tnputs“for commands D andBK The chdren however, revealed another interpsetahon They

saw the tesk requlrinq one helr of the whole eommend RT 90. Although this s consistent to some

. , y ~ . -
”~ . v 4 - v .
- ~ » - - " - .

N B e SN 2
>
-t - __‘/-ve—"‘-— - s R ) -

o

e = = =7
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extent in 8 programming sense, 4t 1s not @nsiétgnt in & mothematical sense. We note in particuler

that the use of “half right {urn. 90" suggests that the command RT with the nput 90 is seen by the

“ children all as one unit 'RT 90' Up until now the children have not attempted io.chanoe or alter

t

\

the 1nput section of the'RT or £F commands a - ‘

‘- The discussion was then led by the researcher 6skmg 'ebch group, "What -is half of 902"

Below are excerpts from the tape of the discusstort with each group

GRI* Researcher. "Wr.a;'is half o,f'ninety’?" "
Benny: | 45 L | y ~_
*,  Researcher . -"How dld%u get 457"
_ Bemty  "50+50is100 45+ 45 1s 90" S
S , o '
GR Il * Researcher: - "Whet if halfof mnet‘y"' - - \
Gregg _ "No half, cause ts an 0dd number cause 1t won't come out even.”
- Researcher "Areyousure What 1s half of 100 " *
" Gregg "50" N |
Researcher "What is half of 90" ‘ /
' Gregg '« "400r 50" ’ o o A o
. Researcher. “Wht 15 half of 80" / . |
‘ Gregg 40" : . ‘
~ Resgarcher: .4 "half of 100" o Lo T
RS bregg: | "50" T
Researcher * “half of 90" o '
Robert: -+ 30" T
] » - . i
- ) ‘ P [




;i-;’ | ,
" ] ' .
© “Researcher: ~ “Whetis 30 + 30" - .
fovect . ce0v
N A N . ~ q 1 .
. - Gregr .~ "Thereisn't an equal haif." :
Reseercher: - “What If | telt you there s, What is half of 707"
Oregg | "3+4=7,30+40=70"

Researcher:  “Is thet o half?> What does  half meen?” -
Oregg: . . "Two @al parts” | |
L - Ressrcher  Is30and40ahal 0 ) s
‘Gregg: . ’{ "No* - B |
o Researc.hqr: L "Why?"

Gregg - “Cause one is 10 more than the other™

Reseercher:  "What s half of 207" 7 ’
C brey 10 T
) Ressarcher: - "Halfof 307" | -
o - 10" '
" Ressircher:. “10? Whats balf o 107"
] Ressorcher:  “Halfof207"~. . -
oo “10" | B

: Rbpéaarctnr:. < “Half of 307"

. |

Robert: 15 |

) - - /4,//" . . . ‘ ' i .

- f’ N\_ " orep - *15+15makes 30, we weren't thinking"
. |

. - Resesrcher:  "What Is halfof 90"
- Gregy: {silence) e
%&:k . - , ~ . P . . - \

-
sl
.



+Researcher:
- »' Gre‘gg:h
‘ . (I'Rwearche‘r:
’ .'.Gregg':' ‘
' ﬁesearcher:

T regy

. -~ . Researcher:

S Gregg:
.~ Robert

. Researcher

Gregg

)
"

. BRIl Researchér

* Jennifer

]
,

Jennifer
" Researcher

Jennifer -

o

* Researcher:—

Jennife[:

i

P

Gregg .

-

Researcher-" '

Wy

’l"Do y2u have any more paper?”_

"What js half of 802"

40" .
“Helf of 107" .
“Half ofﬂ 9027
“On, ahh - 35" .
"What 1535 + 352"

?

"60",

¢

"70"

-

“Half of 902"

-

"S+4=9 and| think | have

a

o>
’ P}

"What 15 half of 907"

“What is half of 907"

"Half ¢f 107" .

1)

I. '
"Halfof 47"
002“ '-,. Ay . :- <

“Half of 907?"

u45 0’
. *
o v

»

»

»

-
o 3 e
2 .
- § LI,
o L A
3 .

e - B

Ol ,

o "o

°

v

[J

tRe answer - (silence) - 45

" GR l,;/as able to ansiwer 45 without any help. GR I and |1] however were quided by the researcher

, *_in {inding half-on. ningly. R Il took .8 very long time and was principally sttempted by one
. - . = - " ! © f
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. \member n the“group, Gregg. Gregg's algorithm for ﬁnding\l/Z' of 8 two digit‘numbeﬁngolves
takmg the first digit, finding the halfTof it and then adding a‘zero. /This 15 seen in the following
excerpts. Doy ‘

! ‘ .‘ . ' . ’ 4

+ °  Researcher: ~ “"Whatis 1/20f 707" ' .

" Gregg "3 +4=7,30+40=70"

L ond  Reseercher: - "Whatis 1/20f90?"

Gregg "S+4=9 gnd" “ g

This lengtrly con\;er sation'wjth the children waé my attempt to see if'they knew what one

—

st half of ninety 15 The concept of one half as two equal parts wemed quite sound. It is clear thet the

Ilmitatton is in theamthmatnc It is therefore important to note mat artthmattc can be hmpdting ta -
!

. ' the implict mathemaucsof a task
» . [5) .=

L M {

2 3 LINESO "
, . . RT90 " PO
: , ' . ? : LINESO © .
o o o 2 - 1145
-+ The progremming stratégy used for the'tesk was the sgme for &l three groups. The strategy
drais the vertical arid‘ hor1zontel ling first (1, 2) and the sranted fine last (3) One mibht ;i
oconjecture that the chndren do choose a strategy by flrst doing what they know how to‘do in the task
x and then include the parts that they ore lesssureof. . y
Note: I objectlys of this session 7 and session 8 is fo Work enough with LT7RT 45 'tnat the children -
fee]” confldent to chanoe their strateqy to a-more optimum prooramminq one. i e. move in- one'

direction; clockwiseor oounterclockwise .

<P
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i 5
. ﬂgm_r_g The nature of task 4 1s sorrte_vjhat dtfferept than the nature of prevtous tasks in that 5
- visual guide (exercise 5)'was provided to the left of 1t on the warksheet page The
children ;vere not asked to attempt exercise S but to skip it and go directly to exerctse
6 " However, exercise 5 did provide o v isuel clue to the constructton of exercise 6
_Note that exercises S and 6 a-re identtcat to exercises 3 and 4 of the sessioh except § .

1} that they open to the left. This task ze,elven as awritten Instruction-and a diagram

.
’ ' *
.

N .l
o , M

Qm_u_qj_t_ The written mstrucnons tor the task are: "Wrtte'a erogram to draw:" The diagram -
consists of three sohd lines of equal’ length. Or)e vert)cal one horizontal end onesta.

45 degree angle between the two. The diagram opens.to the left There ar'e no'labels

r\tégardmg length, angles or where the turtle is = '

implicit: The dtagram 15 identical to the one in the prev:ous task only towards the left. The tesk

’

1S intended lo be drawn with a state transparent procedure S0 that the focus of the task

tsonthe interface 1.e. theturn

~

oL . '
: .
\ \ . , . .
. a . -
Task requirements: ' : . o ~
, . .
.

® N .
Emu_c_n A precise solution requires .
1. Use of astate transparent procedure LINESO . ‘ ' /-‘.“

2. Choosingan appropriate starting point given that LINESO"1s stete transparent.

°’

3. Turning the turtie through 90 degrees and 45 degrees.
. . b ’ ' . . o &,
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Lmplicit:~ The task requires af nput other than 90 for LT or RT

iuman]_mlunnn: There are two possible successful solutions. b v
LINESO ' LINESO
: 190 . U745
< ' LINESO .. " LINESO .
ST RT4S LT45 e
LINESO . LINESO ,
T e c sRE ¢ . R L
1)° LINESO  LINESO . umzé3 L LINESO - LINESO  LINESO -
2) LT  LT90 LT90 "~ ° LT90 - RT90 - RTH0
3)  LINESO  LINESO . LINESO  LINESO * . LINESO LT 90
4 RT45  RT4S RT45  ,RT45 LT 45 LT 90
§) LINESO  LINESG LINESO ~  LINESO LINESO - LINESO
‘ s 6) CoL RS ~ . LT 45 *
5o ~ , . / CORTOOT
8) te - S - LINESO
) - . ¢ 0
L 4
- 3
o e
\ . I~ / 2 v .
" 4

LY

" All three groups followed the same strategy that they used in task 3. TRat is, they drew the
t a s ' ” *

[ -
. vertical and hor izontal lines first (1., 2') andthen drew the slented line ( 3 )

-Groups | & 1| had no e}rors in either their paperl and pencil or computer acgvmes. GR 111 had




A
"

Two laterahization errors 1n their paper t;m} bencil &:ti\%lt’y Iis irjtereshng to note how they

corrected their lateralization errors at the computer (BR11N,C:2,3,4,6,7) ThetirstRT 90 16

corrected with LT 90 LT<90 The second LT 45 is corrected with RT 90. In tne first case the

- . ; . . '
additive property of angles 1s not used Tterefore, for the second case because of inconsistency at

-, least three possibilities exist

- " 1) They used the aoditive property of angles. 1e. 45 + 45 = 90

- 2) iney perceived visually that a correction of 90 degrees was required

3) They guessed ) 4

v

N
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Moture: Task S s exer'msé 7 i'n thé 'vw/orkboék It is gwen as & written mstcuctlon wvth a

. 7 N A
~ v

diagram” It fotlowed tmmedtately after exercise €

-~

Elw.l.lﬂl Thﬁwmtten 1nstructlons for the task are "erte a program usmg LINESO to draw

at

The dlogram is actu:ﬂly ) composttton of the dlagrams fo Task 3 and task 4, It 1S made

: up o1 one v‘ertlcal hne, two horlzontat lnes and two slanted Ilnes gach at 45 degree

Co N ahgles_ from, the ve:ittcal,.anq hor tzotztal h'rﬂtehs: As with all the tasks for session 7, the
Lo degrams ntn_tabened . T

) o . - Lm_p_uﬂ_l The task 15 tr‘ttenma‘to 6‘eldrawn with a state transparent procedut‘eso that the focus of
J o —_ the task 1s on the mter'faoe 1€, th’e turn The task 15 somewhat more camplicated -

_then the prevnous two tasks n terms of keeping track of where the turtle is and where
" 11 has not yet gone Thts is mtentmnal to encourage a sequenced strategy to using 45

degree turns only “ ;
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’ Explicit: A precise solution requires
~¢ - 1. Useofastate trqnsp'arent procedure, LINESO | . ,‘ '
2. Choosing an approprate ster-ting point o e <
3. Turnlngthetur(lethrohgh 90 +.45.degrees . e

0 ¢ ‘ s
Implicit: The task does not require bul does create an opportunity for astrategy that would turn
the turtle clockw)se.or counterclockwise through 45 degrees  (see figures (b)_j() C L

8bove)e
\ ’,, . : 2 . l . = ‘. N e b
‘ &M&lﬂﬂm The soiution 15 dependent on the stratégy use/d. Tiwo samples of successful
" solutions each demqnéifétmg the use of a differ eht strategy are given- |
\ | _ S T - S
- LINESO | C3e 790
o AT, LINESO
LINESO 7 RT 45
. RT180 ~ LINESO
. 2 > . LINESO’ ! - v, RT45
SRR | |- <.+ LINESO —
' COLINESO T T L . RT45 . .
. . LT9 . JroT T << LINESO . -
~ T - LINESO o . v RT4S A
" T e s - -0 LINESO - o :
7 . ! , / .
- ) ' // :
§ 4 -
- ‘ . R ‘ “ v .
N = w2
. ‘ R
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- L
1) LINESO . LINESO ' - Didnotettempttes - LINESO  LINESO .. &
2) RT90 " . .RT90 C g - .~ LT90. LT 90 ‘
= - - 3) _LINESO LINESO: — Do LINESO 'LINESO
B -+ 4) LT9 - 1790 , L v L1270 LT 270
S Sy L7190 L7390 CoL T .« . LINESO . RTSO
L 6)~ LINESO - LINESO L RT 45" LINESO
’ 7)  RT45 RT45 . . . ‘ . LINESG * RT4S
' 8) -LINESO . LINESO- .. /" RTis0 . LT48
“ f) RT45 RT45 o © . LINESO, . LT4S
_10)  RT45 RT4S - e o - LINESQ
1) LINESO LINESO ™ . o K RT 180
\ . A P LT A4S
I . ~ 1135
oo v 70 L LINESO -
: c L s Group 1 d\d not attempt tms task s they hed run out of time durtngahe sassion. The
H . ) :observotnons are therefore from groups H and lll ‘only Group | used a very safe ond cauttous
= .

/ ' * strategy In contrast Group lll used a strategy mvolvtng angles other than 90 and QS wmch up

- until now they had not previously done In examining eoch group separately tne followmg s ’

-‘ - LT . ' ! . . kS
‘ _observed . , I ' . O
1l ) "J}
3 2" 2 -3
. . BRE . 8RN
S . S (construction of path from the . -
ST T oo ~ computer activity) .
i - . — . . v’ N e "-' s '.I“ , )‘ N N o
’ ‘ > ,
+ Lo T
» - e 1
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Ce . R 6rpup.,| used 8 pﬁogrammlr}g stretegy consistent with that used for {osks 3end4 They drew
e ’the 1ir{e; 8t 90 degree anglés first (1,2, 3) followed by the two lines at 45 degree angleé (4,5).A
: ‘. rotatmn tnrougn 180 degrees was done by using the combinahon of LT 90, LT 90 The eombination L
: | RT 45, RT 45 was used togofrom 4 to 5 inthe diagram Group | seems to have odopted the same.
appro&ch for using RT/LT 45 as that used with\RT/LT 90 ie the whole command seen a5 & um't!{ -
- They have not yet disoovered the additive nature of angles . . N
Group I used angles other than 45and 90 In thear paper and pencil actwny they used 270
and 180 (GR I, pp: 4,8). In thewr computer ectmty they also used 135 (GR i, C B) duerto the’
ccor’rechons requnred by the errors In théir paper and pencil wor k Although 270 and 180 did not
gwe the desired results they do demonstrate the use of the-additive property of angle& m tne
‘computerict?ity the ovgrestimate of LT'270 was cor rected with RT %0 and the resulting over- . o
- estimate of 1'80 was correctedwith LT 90 From this we can see that the children have added angle

o nputs and have good turtle control. But further 1n the 'computer activity the following use of angle

addi1ion was observed: -
3 S The turtle i¢ Tfacing the direction of .1, the .
L ’ children need it to be facing 3. The command LT
7\ 45 is typed moving the turtle to 2. From 2 the -
. RGN command RT 135 Is typed followed By LINE SO . o
], '// l i . S
V4 - s

¥ , l. 2 : . -
T Sl
) | . ) . - . : i . ‘ . - , LT ' ,,

This'was the first time that 135 was used and due to the video iape running-out just prior to this
- any comments of discussion that may have been present are not available ~ - S
anmj_onmnmns |

" Session 7 had two main ob]ectwes and two- underlylng ob)ectlves "The main objectives were

P
1

| o toriptroduce and use 1) a 45 degree turn and 2) a state transparem procedure. The unaarlyinq
- - \ .
- ,__.oojectwes were to provoke 1) the icea of the summattve nature of onglesand 2)adifferent

A
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N

programming stralegy The main objectives were explicit wmte,t-re,'unttertytng objectives were

L

Cimplicit e

Al

Aside t'rom the artthmettc dtfﬁcutttes the vchtldren had. in determining t/2 of 90, twe
behthours were observed In the chltdren suse of RT/LT 45
. ‘Use RT/LT 45 the same way as RT/LT 90 eg correctan error RT 45 thh
LT 450745 (com‘mand-as 8 umt concept). )
. ( 2. t.‘Corr)bine RT/LT 45 with RT/LT 90\te ferm RT/LT\‘T35. 'T,he group which thed this
etso,bsed.other/summettve angle inputs such as 270 and 180 - (Discovered the :
summative net,ur‘e.of -angle nputs ) | |
* Once introduced 't‘h‘e use df-a state transparent precedtire was eestty adopted A future desth
feature however woutd be to Qe a state- transparent procedyre- a dlstmgutsmng name from a
non state transparent procedure which produced the same thing. 8.9 LINESO and LtNESO |

The sequence: of the tasks were very: cerefutty de519ned The sequence had 8 bufit- tn ,

merarchy which attowed the students to { trst work w1th 8 45 degree angle on the rtght and then on
the left and then combme both Tne more complicated task ef comblmng both the left and right 45

: Oegree angtes was desugned to provoke the sttuatton in. wntch 8 change of strategy woutd be

provoked eg Use only 45 degree turns. The session eonctuded thh a'homewortt asstgnment
This homework esswnment was 8 stm more comp]licated task. - to eonStruct the complete ftgure ot

8 Mines joined at 45 degree angtes ( —)K—)



Session 8‘cbncentrated on the homework task that was given to the children at the end of

session 7 .1.e % -Each child had the opportunity to check his or her work on the computer A

prmclpal objective of the session was for the child to see (1n operation) & $Lrategy dlfferent from

her /his own including a strafegy demonstrated by the “teacher "

1

= »

The objectives of the task itself invalved using a state-transparent procédure and arigles

o

.

other than 9’0.clegrees The task requnred writinga program that was a minimum of 16 lines. ldng.

So far.‘ It is the longest program that has been assngned to them The choice of strategy deter mined .

the leve! of dvff iculty for successfully completmg the task An underlymg goal 1n the tesk wes for

[

the cmld to choose a strategy approprlate to the task The session énded with the cesearcher

»

Oemonstratmg the use of 45 degrees and LINESQ ina contmuous sequence to produge the design of .,

of the REPEAT command

P ]

the task (%) Tms’stFateg'y was emphasized as a preparatqry step for the use and u’nders{ar}dingl‘
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4

Nature: Al of session 8 conceptrated on the homework task given at the end of mlT 7. The

i

task wes o continuation of a design/pattern which had been sterted in session 7. it

eskg children to usé the same procedure (LINESQ) to draw, this time, the-pattern

~ completed about 360 degrees. lEach child in the group hed the oppor'tunity to check
their paper and pencil work on the computer. The homework was written in thei'r

- homework books. . -

gxg_um ‘The wrmen instructlons for the tagk reod "Write a program using LiNESO to draw

t\

Asrthe diagrom shows the task oonslsts of 8 so)id Jines of equal length all meeting at:a
point. The Hrm ore evenly speced at.45 dagree  angles. “

[y
o ]

lln.llnll- As the procedure LINESO s state transparent the focus of the task is on the rotation
) of the turtle throuw 45 daorees and multiples of 45 degrees.

7

N [
=

.
t

Emu,cu A precise solution requires ‘ 1 ",
. Use or 0 state-trmspam\( procewreLlNEso
2 Knowlm that the Tines are of equal length and chrrespond to LINESO.

3. m'mmwproormeswtmpom T ST .,

L) rurmngtmuruethmm45daoreesormu1tiplesof 45egroes. -

L=
— ¢

‘o
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tmplicit: 1 The task dobs not r:equire but does create a situation in which 45 degree t(:rns can
be used 1n a continuous clockwise or counterclockwise motion
2. The task has two simultineous demands It requiujes lf\at the children keep
trackof ‘ o . _ 4
1. “What the tUr‘neJustildrew o
2 What the turtle needs todraw”

/ . . . '

S_um[ul_sn_lynnn ., There,are many possible solutions an example-by the researchers of one

__isas follows - Wy ’

.LINESO SRR
RT 45" \ .
LINESO
RT 4 ‘
© LINESO —_ -
- RT 45 - ' | ,
LINESO . *, " v '
RT45 . - . L
LINESO
S : RT 45 L
ST " . LINESO "
. ‘ .. R4 ' .
Loy . figureb .- B LINESO,
R S . . RT 45
. LINESO

~
at

L

Mmmm;ms; With each group , following the checking and debugging of

’ihe’ir“ ’homewor‘k', at the computer, the strateg}y of using only 45 degree turps in @ continuous

p‘att'ern'( figure( b )) was discussed and demonstrated. -
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- : . Bemny (6R1) 7 _ . nifer (GR1) :
/ - EE # .Q ! ’ EB * . -Q R
| k (from video tape) _ .
1) LINESO LINESO . LT90 - LT90-, , -
o 2. © L7190 ST L0190 “LINESO "7 LINESO .
S 3) . LINESO "7 LINSO PUBKSO LT 45 -
' 4) L1745 N RT90 - LT 4 | LINESO - ¥ .
5)  RT90 . . RT4S, .. LINES LT 45 R
.8)  LINESO LT 45 PUBKSO | LINESO
ST LT4S ;o LT4S LT 45, N 45-\ .
8)  LINESO LINESO . . LINESO LINESO
"9)- LT45. . LT 45" PUBK 50. LT45
10)  LT4S . LINESO . . LT45 " LINESO
- A1) © UMSO . - . RTS8 . . ' Lmesof R4S
R )R R K RT90 .- PUBK 50 LINESO
13) LT90 , .. LINESO LT45 - LT45
14) - LINSO& o LI 45, . LINESO LT 45
15) . "RT45 "¢ ) PUBKSO . . LINESO -
16)  LINESO . - LINSO. . - LT(X)RT4S 1145
17 LT45: - LT90 . - LINESO® . LINSO - ~
18) . LT4S M . - LINESO~ " PUBK SO - L7145 ; .
19)*  LINESO K RT 90 LT( X) RT 45 LINESO L
20) . e . RT90 LINESO | LINESO \
21) - CoTo. it LINESD PUBK SO o
=22 U A LT(X )RT 4 ,
B B . . LINESO - LINESO' T ' :
24) . - Strategy LTS PUBKSO | -  Strategy )
, o 25) L. Y LIS LI(X)RT 45, B
- 26) S K LINESO LINESO . co
27) . LTS .+ PUBKSO | .
- 28) LT90 RT45 | |
29) . LINESO .. LINSO | - o
30  2— ~3, 'RT45 - PUBKSO | 1 5 ]
31) , - LINESO < RT4S .
32) « (. LT 4S ©, LINESO f .
. 33 : - LT45 ° - PUBKSO -
A e LINESO |
. i . %;’\ ‘ . “' - 4
(%) umcatasw'mna's%orrecu?pp\ Ul , o
X ™ ' ' !
T - ~ A S
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1

N ' . f"‘ v\z\ T . . .
. e g‘ ) .
- Gregg (GR )
o BP., | N ¢
. ’ Rt e, :e\ . (fromxit}eg Labe)
e 1)L LINESO LINESO
T it ae.v2)  PUBK2S . PUBK 25’
o g T T4 - - LT45
T L4y LINESOT _ LIKESO -,
7. 8) . PUBKSO " - PUBK S0
<o« Y. .6) . RT90. . RT90
STy ) - RT4S L LINESO .
.., 5.8) - LINESO® . PUBK 50
" °9) - PUBKSO -RT90
10) - RT90 LT 45
. 1) - PDFDSO PDFD 50
. M2)" . PUBKS0 - - PUBK 50
-~ .+ 13). RT45 - RT 45
. 14)  LINESO LINESO
" 15)  PUBKSO PUBK 50
16)  LT90 . LT90
: 17) S LT45 O A
v " 718)  LINESO. a . LINESO -
S 19)  PUBKS0 . PUBK25
200 LT90 PUBK 15
O 21y LINESO PUBK 10 .
- - 22) LT 45
23) . " LT 90
24) Strategy LINESO"
25) , ' PUBK 50
26) . - 16 LT 45
v 27) RT 90
28) ' LINESO"
29)
30) '8 4
. 3 :
32) u
, , . 33)
' S 34) -
/"

-

Pog 141
Grace (GR I11)-:

Bp .Q
LINESO . LINESO
RT90 - RTQ0
LINESO LINESO
RT90 . RT'90
LINESO * LINESO
LT 180 - "LT 180
LINESO LT 45
RT 45 *  LINESO
LINESO - RT 4S5 .
LT 180 © L7900
LINESO LINESO
RT 180 L1180 ~
LINESO LT 45
RT 180 LINESO -
LINESO - RT 180
LT180 . LINESO
LINESO « RT 180 .

' RT 90
LINESO
Strategy
]
ZS
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"& - The homework wes attemptad by four cfilldren. Two children, one in group 11 and one in
group IIl, were absent. The ccmputer activity“was used es @ guide to tdenttfytnq.ﬁh child's

. i
stretegy. This was necessary as once an error was encountered, in the paper and pencil section it .

Wwas very dtﬁ‘tcult for the ressarcher to determine the 1ntended peth The ressarcher elso

_— : emphasized thet the child follow hts/her wrttten program 83 there wes o tendeﬂcy. once at the
y computer to work in-direct mode. (Thts wtllbe commented on later in the anatysns)
3
Al rour chtldren useda dmerent strategy for their progremmtng sequence They were
o
S.tl:nlm_l_ (Benny) - Begin at the center do the upper half first then the Iower half The
© - vertical and horfzontal Itm(90° lines) ere drawn first _l_ondthen filled tn‘
. withthestanted lines. _L—*_NA-—*.}lL—’%
! W (Jenntfer) - Begin at the center do the bottom half ftrst then the upper helf.- The
’ _ "bottor helf is constructed ina counterclockwise ccnttnuous sequence ustng 45
o degree turns: . The upper " helf
" TTAT NN <"
S conttnuas ustngthe same pattern 7<—‘ "—7l< ""-}K-
- -\ . ) i)

o~

helfway fo the center + . Fill in the remetnlng ) Iines sc they eventually toke

T N S @ (7,
g L LT T ‘ u

- ' 2 Pege I42 .

i emtm (Greop) - Begtn ot the bottom of the verttcel ltne end move the turtle bcckwerds .

0 r

o
b

o

onectockwieepattern (4 5 6 7) . j \

o

—-. =
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written program ‘they hada tendency to want to complete the task by disregarding the written part -

' ..below

.. uminmlmmn A

. .Po 143 a

- Strotegy 4 (Greee) - Start’in the center, do an 90 degree turns snd then do an the slanted

Tines. Perwives diagram &s & "cross end anx" —f-— %

1 : p
1

) .
The reseprcher ebserved thet once an error wes encountered by the chlidren in théir

and dsing onfy direct mode. This seems to indicate that the task would be easie );Jon tne children to .

3 do using only the visua! clues from the screen Thie is probably quite true, but.solving the task in-

this manner tekes eway from it the implicil dynemism present in wrmng and debugging the

A

program and keeping track of where the turtle hes gone end where it needs togo. .The researcher

——

felt this tobea very lmportent aspect of the learning experience

\ -
i

re
.
f
s . 1
u' N . .
N . 8.
:

Thres different types of uses of engles are observed in the childrens work Each is deecrtbed o }

~

IO

s

ThJs type of use of angle is cherecterized by the ¢hild using the commend hT/LT input ell

P

s oneunit Examples of this type of usage include the following: P
» *a) correctionof lateralizetion error as follows: h - SN
 (Benriy ) RT 45 | : | _
g LT 45 | . S :
LT45 - S

o

"2 . " b) toreverse the direction of the turtle

(Benry) - RT90 . . S
S pre0 L o
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This type of use qf angles is characterized by two strategies: j) the child combining angle -
inputs and 11) the child using one angle Input to et to the desired heading. Examples of - .

gach strategy pre:

)
L

o " 8). correcting o lateralization error as follows:

\\
(Gregg ) L7145
—_— . L RT 90 .
b - b) to turn the turtle 135 dagrees the child would use RT 135 instead of RT 90
. — RT 45
’ (Group 1) _
.37 Misuseof an angle input /
(.' . ' In this case a child uses an angle input but seems unaware of the produci of tpat input. An
xS : _ examble from Oroce’s homework book clearly shows this:
- : ", Lest ten lines of her progrem:  LINE S0 - RT 180 ° :
) : T LT 180 LINESO P
LINNSO “© & LT 180
:,’ ‘ , RT 180 . LINESO
[ _ " LINESO’
. o ,
Gregg and the‘researchar had the fol lowing dischssion afeter he con‘wpleted his homework task
] onthescreen. - | I ~
SREEN - Gregg “That LINESO is pretty short ( referring _
- Lo to the vertical lins). 1 think that that
A . should have been LINESO and a1l of those
- U LINE2S. |'think.” '
0 B
‘.. - Ressorcher:  “But | wanted you to use LINESO.
L B F c . ' (Hoping to provokeachangein his
: AR PR N 4 | . strategy). -
. - o D N
R ' . Gregy: 'wen.l'n make that one (A)-LINE100

— and a1l those LINESO."
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. .
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Gregg hes demonstrated here that he is aware of the length error in ms!ortqtnel product, 1.6,

that. the vertical line is not tonq enough His strategy to solve it is to shorten alltheother linesto

.LINE2S. Note that Q\e proportion is accurate with the product The researcher, hoping to change
his strategy to start the task at the center of the scrben. reminds Gragg of the restriction of ustng
LINESO. Gregg, reph'es'. maintaining his original stretegy, that he would use LINEIO? ond
LINESO. (Al proportionately eccurate). ’

" Gregg was able to relate the mathematics used in his progremming strategy to the final

product on the screen and mentally make the methématical odjustments to correct Lt We ﬂnd in -

general thot the children were able to reeson qutte eesily when it come to lengths distence and
proportion. but not in connection with angles. ! : '

This  excerpt ‘ demonstrates Gregg's implicit use of mathematics in .a‘ programming

environment. It also demonstrates the difference between whet the researcher interpreted ,the

tesk to be and how the child interpreted the task. Although the final product is achieved, the

strategy used vres unafiticipeted by the reseercher. g
o RS

General Observetions
homework tesk was 8 continuation of a series of tasks whtch began ln thot session. The task
tnvolved the use of 8 state transparent procedure and 45 dagree turns. ”

The task was 8 structured task in that the children were asked to reproduce what wes in the

+ " diegram using a specific prooedu&( LINESO). it was an unstructured tesk_in that no stretegy wos
specified. ‘The stratew was dependent on the chofce ot multtples of 45 oegrees used. What we -

observed from this type of task was that the four chtldren who did the tesk used four dmerent

. streteptes todo it. One of whioh was totally unmttctpoted by the reseeroher (stratqw 3) But an .

Session 8 focusad on working with the children’s homework given to them n session 7. This | y
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. * . ,
of which (with the excéption of a few minor programming errors) were successful.
k S

An underjying objective of the ressercher was. for the children o see the task es 8 series of
eight equal continuous rotations through 45 degrees. This was to lead the children to the beﬁinnino

-of & sequential programming strategy required whe'n using REPEAT. Having eech child verify their -
"= - program on the computer allowed them to relive their original strategy. This was then followed by

the ressarcher dembnstrating ond discussing “her strategy”. The aim of this task wes not to

' restfic,t‘ the child's strategy but rather to demonstrate another strategy which they could compare

 with their own.

c 0

This sassion is followed up in smipn 11 yhere the children are ssked to bu%id asetof ten”

statrs. After the task is completed the researcher uses‘ﬂ to defﬁonstrate the uss of repeat. . {

-
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SESSION 9

Overall Descriplion

In session 9°rigid transfor mations of open geometric shapes are introduced The session

begmsjby introducing an open geometric shape as a LOGO:procedure which 15 then used m tasks

3

] L Page 147

requ;f ing transformations of that procedure Manipulative representations of the prdcedur:é to be

transformed are constructed as aids for thesuccess_ful completion of the tasks

The session has

—

2 - Construct

3 Provide tasks involving rigid transformations of a LOGO procedure T

* Review functional naming . -

three main objectives These are

4
L]

and use 8 manipulative representation of a LOGO procedure.

~

>

It 1s made up of five tasks The first task which cﬁnsns{s of four questions 1nvolves the children

writing 8 program for a LOGO procedure already defined on the computer  The cn'ildrén are

provided with tt‘s name only and are required to ’inﬁrpret it 1n order to be able to successfully

write the procedure definition The four tasks which follow involve simple transformatians of
K N
this same procedure The hierarchieal strategy underlying the order of the sequence of the tasks is

the following
Task 14
Task 2-
Task 3
Task 4.

Task S.

define the procedure.

interface (90°) + procedure l_ o, .
inter face (180°) + procedure |
procedure + interface (90°) + procedure

interface (90°) + procedure + interfacé (900) +procedure.

Y

Each task and the children's attempts are described below. Plesse note, howie;, thet due to the

similarities in the structure and r:et:ulrements of the tasks involving & rigid't

nsformation one

N

general description is provided for all four tasks.

LY
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. Noture: ~ The first task of session 9 has two objectives: '
e ‘ .
1) To introduce the chiidrjen to the procedure EL2040 (EL pronounced 8s "the
letter L) which is to be used in al1 of the tasks in session 9.
2) To review functional naming by exemining on the computer a given procedure
called EL2040 and then writing the program to draw it.
Structure . . 40 ' Ry
‘ N
EL2040

' s

1 3 .

Explicit: There are four questions in the workbooks given as written instructions without any

diagrams. They are as follows:

L

® 1) Type EL2040 and watch what the turtle draws.
2) Draw what you see. ) '
".3) Write down the procedure EL2040. -
4) Check your proeedu?e. \
mm: The procedure EL2040 is a vertical line 22'turtle steps long joined at a 90 diq'\ee

angle with & horizontal Iine 40 turtle sleps long.

\

[
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Explicit A precise solution for the tésk requires.
1) Correctly typing the procedure name into the cor}\pl;ter
-~ 2) Drawinga diagram '1nto & workbook of what 1s on the screen.

3) Writing the procﬁjre required to produce EL2040 .

4) Typing that procedure into the cc_Jrhputer to verify that it1s correct. \
Implicit Aprecise solution of the task reqdirgs |

| 1) The interpretation o% the procedure name EL2040 ie that it 1s aﬁ :'e‘l‘i sha"p’e
with the meésurem‘ents 20 and 40

2) How the turtie draws the procedure. The turtle draws AB, turns ,and then draws

BC (see f 1gure above)
7

Successfy! Selution e S G . .
Theprocedure  T0 EL2040 The diagram e b
PD FD 20 L g
. RT 90 ' o | 4
- PDFD 40 S
END

' S -,

- Selected Teacher Intervention

“Why do you think that it is called EL20407" - o

7
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R.E l . .E.E i\\\ - ) EB .
) TOPDFD 20 - . LINE2S .. PDFDIS
2) RT 90 . RT 90 Ll ‘ RT 90 .
3) “ PDFD 40 *  LINEZS PDFD 30
4y END ¢ v LINE2S | ,
S) LINE20 -, norecord
6) ~ RT90 .
7) LINE40

All three groups were able to sucwesfully type in the procedure and draw the product

RN

(Ouesttons t ahd 2). For question 3 where the children were askedﬁp wrtte down the program for

| the procedure EL2040 all three groups had difficulty in wrttmg 8 prooedure using the correct

syntax (see line 1 for GR I, 1 and IHl). Group | descussed the procedure name on their own

Initiative and were sble to get the precisé measurements Groups It and-ti1 required 8 second

_sttempt for which at-the beginming the researcher asked "Why do you tht'ng that it is called

(EL2040 ?" The ehildren were then able to complete the task as: e.g. LINE2D, RT 90, LINE4O.

Construction of manipulatives

Up unfll néw the only manipulatives being used were the toy screen and turtle and various,

full-size and half-stze’popstcle sticks. For this session the chi‘ldren were asked to make an

‘EL2040 proeeduré out of 2 popstcle sticks one long. one short - and glue them together They

were then asked to colour, ustng felt tip pens 8 green tip to represent where the turtle starts and’

8 red t1p to represent where the turtle ends. Whers green {s for G0 end-red is for STOP 8s in the .

.,stre_et light application . for colour. These menipulatives representing. the - EL2040 '
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Mnﬁ: The four tasks are presented to thé children in their workt;opké all on the same page.

v »
Each task is given &s 8 written instruction with a diagram. |
Structure: o

_ . to/gk 2: tesk 3! \ tesk 4: K tsk S:
¢ ) . v, h

o L= ] 0

oo . ' . 1
) L] c\ l ) \ ' ‘ ’

Eml.lﬂl The wriiten instructions for the task read: "Use L2040 io draw.” The diagrams ore '
' riqid transiormations of the £L2040 procedure which draws | No other

haadiF s
- -

iniormatibnisgiven . ‘ ) | —‘ ‘\

].mn_l.lﬂl The figures ore all made using the EL2040 prooedure (once in tasks 1 and 2, twice -

intosks 3 and 4) and some interface which rigidly iransforms it.

¢ . - ‘ ) “~ . ’ .
¢ , A r__r. A ,
» ' ' - J 3 . B

o S I B i
8 A s B A S c .
Cw (2) L ® @

Explicit: APrecise Solution requires
Inmniifying EL2040 in the diagram ‘
2. Knowing which line the turtle d‘m first. is. shortor long and choosing the |

N PREW . . '. s - - T Wy
MO vt dat var. e A B . v e Lre o . . c aw EARN RS <. 17



L3 — - e

o starting paint A (seefiguE‘eS (1),(2), (3),and (4) above).
| 3 }i)r\?i‘ng the'turﬁetof@ceAB-.-
4 Use‘theproce‘dure‘ |
" Imalieit The tesk demonstrates’

! I Rotation of arigid figure

2 That achange in orientation does not change the shape of the ﬁdUre. ‘

! N - '
- t g . ]
.
I

Before starting each task the children were.gsked to pl? the EL2040 stick they had made

. e .,(i;'e_l ) on the toy screen to represent the figure in the workbook for the sppropriote task. .
- successful solotions A precise solution for each task wes required They are the following,
. PRI T . A N I 3 I | 4 Iiil q

ST RTAT 180 EL2040 ~ RT90 ..
. EL2040 EL2040 LT 90 . EL2040
. . EL2Q40 - 1190
- v EL2040
Children's Atempts for Task2 - N

o e c R ¢ e o

.1y (190 L1900 LT90 LT90 - . LT90  AT90.°
,2)  EL2040 EL2040 LINE20 EL2040 . PDFD 10 PD FQ 10
- 3) ’ ] RT 90 : EL2040 EL2040

4) S 7 LINE40D PDFD 20 PD FD 20
) .1 .

s E % © Al tnf-ee broups were able to replicate the figure thet was in their workbook. However., o

- ) A ’

-+
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t

differént interpretations of the task were observed with Groups 11 and I11. -During the paper and

pencil activity, Group |1 used LINE20 and LINE40 insteed of the r'equested §L2030. In examining :

the program that Group 111 wrote,.it seems that the group interpreted the diegram as having the
dfrﬁensions of. 30 and 50. This may have been a result of their particular-choice of scale for the

graph paper in their-workbook.

: . ‘ N | ‘
I pP A c
1) RT90 RT 90 RT90 - RT90 LT 180 LT 180
2) RT90 RT 90 EL2040 " EL2040 EL2040 ‘ EL2040 .

A

v

"3)  EL2040 T EL2040
: ' 2nd attempt  2nd attempt

q4) . LT90 . LT 90 : '
S) . __LT90 LT90 . ~

6) . T EL2040 EL2040 -

Each group had used the menipulatives while a(tempting the tesk. Groups | and 1 were

1

successful upon their first attempt‘( GR, 111, pp 1-3). Group |1 required a second attempt to make

the necessary adjustment (GR 11, pp. 4-6).

L

It is interesting to note here thet Group 11} used 180 degrees as 0pposed {0 turning the turtle

¢

through 90 degrees twice.

%

T
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PR il ¢ A |
3 8 - X ) S ; . . .
1) CEL2040 . EL2040 ] - EL2040 EL2040 LT 90 LT 90
/8) LT 90 (erased) £L204Q°  EL2040 LT 90 12040 EL2040 ~  EL2040
) EL2040 - A LT90
4) ‘ . o EL2040
5) © EL2040 EL2040 LT 90
6) LT LT 90 RT 90
7 -£L2049 ,EL2040 LT 180
8) S o . \ EL2040
9) ' a — LT 90
‘0) ‘ " . ’ o * » : EL2040

-

, Z‘u A second attempt was reqmrednv eachgroup to complete the task sucoessfully Groups |and

It made the same error on thetr rtrst attempt by‘omvttlng the reqmred mterrace (LY 90) for~

joining the two procedures - - “. : ,i;
s g-: A ':.
Yoo el T RIL
PP o - ¢ PP g
1) RT90 RT 90 RT90 ° "TRT90 (riot attempted)
2). L2040 EL2040 . L2040 EL2040 "
3)  LR9O LT 90 RTQ0 . RT9
4) L2040 EL2040 EL2040 ' LT 90 .
5) | ' ' LT90 .~ .-
5) . L EL2040 .

Group | sT:cceeded on their' first attempt. Group || had 8 lateralization error in the poper

and pencil acttvity but spotted and eorrected it (Group i1, C: 4,5) on the computer before typing in ,
the second EL2040 From the above, it is tnter%ttng tp note that Group " seemed aware of the

turtle state and.the desired headtng required for the correct interface to occur. Group (1} did not

? . : ]
i A
)

“Q‘ ¢
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. __attempt the task as they were dut of time.
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in this session funcﬁonal naming was seen from a differénthpoint of view. The children ‘
weré.given‘ 8 procedure name which tney were required to "decode” in order tobe able to write ihe
program This allowsd the chi Tarerf an opportunity to view a procedure name ffom the perspective . |
« ofils functmnahty Aside from the errors in using the LOGO procedure syntax, it seems that in
¢ " . general the children were aole to use the information given in the name to define the procedure
- Rigid transformations were encountened fof the first time tn this session. The concrete

' - m{ipbfative‘s played.an important role in the presentah‘on and attempt of a tesl{. An objective of

tne rigid transformauonal tasks was for the cmldren to use the concrete mampulatives to

cl

~ e *J

represent the task_in order to faclhtate both the understandmg of the task requirements and the

finding of a.solution 'For each task the children were asked to replicate the figure with the »

, manipulahve(s) prior to writing down their atiempt( s) The children were sble 1o complete the
?. -tasks successfully and'it appeared thax the concrete: mampulahves played 8 significant role in the -

o ‘ process - - . :

T LT e
A

wan

xem -
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SESSION 10

Session 1Q is designed as 8 eonhpuatlon of 'se’ssuon 9. It rocused on functional naming,
concrete manipulatives and rjgid transformations "3lt.‘1s made up of a total of five task. The first
three tasks are very similar in structure to those encountered in session 9. The difference is in i
the procedure to be iransformed In session 9 the procedure wes EL2040 () and this session ~
Luses EL4020 ( l— ). The objechve underlymg the use of the similar £L.4020 was to focus the
attention on its related process and possubly sabotege any algorithms carried over from session 9

The last two tasks of the session (tasks 4and S) introduce a third procedure EL1030. This

&
procedure differs from-the prewous two In that it begins with 8 clockwise turn.through 90

A,

degrees Each task and the c'mdren S attempts at doing them is described below.

A

{
¥
o

N

e
:
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mmu_o__mu /-
m,,c"‘,‘}. The sesstor ‘Degins with the first Question on the workbagk poge for sesson 10, The

\

task is gq type the given name of o procedure into the computer and moke a drawing of
thp product into the workbook. Each group is then asked to make a representation of
_, the procedure with popsicle sticks and glue.which is to be used as 8 manipulative for

s -
*

, tosksZénqS.

.
' s

: \ ,
. EL4020 ‘ EL2040

X
- !

Exn]jg_u: The written instruction: in the workbook fs: .
' ‘Type EL4020 and draw what you see.’
The procedure EL4020 draws o vertlcal Iine 40 turtle steps long joined at a right

angle with a horizontal line 20 turtle steps long.

" ’ implicit: The procedure EL4020 begins with drawing 8 long vertical line. This is the inverse of

the procedure EL2040 used in session 9 which draws a short vertical line first.

F

-

L]

Task requirements:
Explicit: A precise solution for the task requires. | |
o 1. Typlng the procedure name EL4020 into the computer.
2 Drewino 8 diagram of what isen the wreen into the workbook
3. Lobel the drawing

‘

e,
R
->.|‘."i‘.é
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1 N ’

R Lmn]jg_u To be able to correctly label the dimensions for the diagram_.the task requires

/
" ' inter pretation of the procedure - Co -
Successful Solution 20 £,
' 9 \ )
. 40 P
. t
f e [}
S . ‘
" .
BRI v _6RI _GR Il
o ".——E > £
3
‘ A S/’ . S
[N A \\‘ |
- - ' I :
All the task requirements were successfully completed by each group. ¢
- . N \
| | \ ) )
;/ 4 i - i L4
s . ‘ N . \ l
A : {
- -
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i

LT Nature: Tasks 2 snd 3 correspond to exercises 2 and 3 in the children's workbooks on the page

-for session 10. Both tasks are given as a written instruction with a diagram.

Structure: - | Tesk2 . |Tesk 3: )
| o . L .- l
. O figure (a) ' _ figure(b)

Em_ugn: The written instructions reed: "Use EL4020 to draw:" The diegrams each represent 8

' -’ r: 'rigid trensformation of the EL4020 procedure drawn as in figures (;) and (b). The
- diagrams haye no labels. ‘
Implicit: Figure (a) s drewn by tucning the turtle thraugh 180 degress and figure (b) fs
arawnbyturmngtneturnéctockv(isetnrq:gn 90degrees. - - -
Task Requirements ———p .
P : So(ek2) | (tosk3) . , i
i" Explieit: Aprac‘sesolutionreqmres: , e "‘\ . rl‘ T .
1 |mnttfy£|.4ozotnmedmfam . 'f" ',.' ,
- 2. Knowledge of which Hnetheturﬂetrawsﬂrst ia shortorlono ) ;; ’ -
RURE | cmathestarunopoinm AR E
S o “? S

a~
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i 4. Rotate the turtle heading to face AB,
5 Usethe procedure ) _
Implicit The task demonsirates .
- rotation of a rigid shape - o N
F 4 - that achange in orientation does not chanée.the shape e, . ‘
, ] ~ . i ) .“‘ “ ‘-' Py " t - . ” ‘“ .
- g &m&sﬂlﬂlﬂm Aprecise soiutioh for each task wag required. They are.the following:
A o’ N ¢ ’ . B
Task 2 . ‘ - Task3
RT/LT180 .. RT90 . ._
. - : + EL4020 £EL4020 ) ~
- } \‘ X
’ ' " "How does the turtle draw EL40207°
11 . ) . " "Is therea faster way tl:lat you could dp‘it’?': i ' ,
N - > P - \ \ - R ' ' ” . , \ ' ° ) -
] ~ PP ¢ - PR ¢ R 4 ¢
' 1) . RT90 - RT90 LT 90 LT 90 : LT90  LT90 -
o -2)  EL4020 . EL4020° ., LT90 - LTS0 - PDFD 30 PDFD 30 -
3)~ 2ndattempt €5 . - EL4020 | EL4020 . RT 180 RT 180
. .4) 'RT90 . RT90 . ’ . - EL4020 _ EL 4020
* . = 5} RT90" . RT90 . T CS
o 6)- EL4020 EL2040 A L ... EL4020
- - 8)- ‘ RT90 o : " RT90 _
9y RT90 ... . a o - 68 - ~
AN (1) R EL4020 . o o 3 . . .RT 180 -
. e T s, . L - " . . EL4020. .
et - b ~ . v . s ' 1
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L2

, s 2
in solying this task all thr'ee groups chose a different.starting point resulting-in different

-* - attempted strq@egies: Group | in their first attempt chose point C (see figure (3)) 8s their
.~ starting point for the tesk. This was incorrect es the procedure L4020 begins with drewing the

long line segnient (40 turtle §teps). In their second attempt (GR 1, PP: 335) Benny suggested: -

"start with the long one” which leads to the correct solution. It islmteresung o note that Benny
wes apperently able o focus on the process of the procedure in order to solve the task. Group I
m :m)art‘A (see ﬂﬁure (a)) &s their starting point and solved the task on their first attempt.

LGroup 14 cho& as their sterting point the po&nt B (08 flgufe (af) and attempi’ed {6 solve the task

' using four commands (see GR Wiz PP: 1-4) wmch included the process of retracing a segment of .

' the figure end using the PD FD combinotion o L

e o o i

.‘ e ' QB Il ' » " an III ?
44 c - PR S . P ¢
1) RI90 = RTQ0"- : ° RT90 ' EL4020 . LT90 ° L190
. 2) - EL4020 ‘EL4020  EL4020 .CS . - PDFD40" 'PDFD 40
) A ’ o 8T RT 180 RT 180
. 4) ' ) o . *RT90, - * EL4020 £L4020
) . ‘ ‘ ‘ EL4020 . _ ‘ cS
6) S ‘ , ' ) : RT 90
7) R — T . oo a EL4020
. The choice of the starting point ‘for. solving the task qoptinqed to affect the strategies and

wlutions of sech oFoup. Groups | ond I were eble to solve the task with relative eese. Grouphil
hovcever chose’ point B ('s88 figurs. (b)) the center of the ﬁgure o5 their sterting point. Although

: ' © o they wereeblatosolvethetaskamfuny(saaGRllt PP : 1-4), inordertnemphasize the :

ehoica of the starung point tha rmcher esked tha woup if there was & faster way o do 1t The .

followim isan excarpt of the disgussion that followert

v , 4 .
3 . -
i .. ' 4
ferianol oo o b e R N . ‘..
oy PRI SRS N A O T ¥ LA I . i~ B - .
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'

Researcher: "Is that the fastest way you cpuld have dong it?"

Jason: “Ya, | quess s0 Why,1s there an easier wfay’>"

Researcher- "t don't know." |

Jason. t "Wen lguess | thaink 1t's the fastest. tonly used t - 2 3 4

programs . (muttered).”” P

* Researcher - "Well, I cando.1t in (pause) 2 " . o N

Grace “hinkigndoitin2.” o T

Researcher : “Tell me how. Grace * | , |

race "RT 90, EL4020" I
- Researcher . "Right " | | “

Jason. - (Types 1t 1nto the computer)

Y, it'sright ”
Researcher. ~ “How come that works™" '
Jason “| hdn't know that we t:ould;art hé_re.‘ ’

t
i

in this sttuatton achallenge ("I can do it in 2 steps“:) wes used 10 get the chtlaren 10 rethtnr.
thewr strategy Grace gwes us the answer, RT 90 EL4020 as dason.‘ after- checking on the el
computer, exclaims ° I didn't know that we coutd start here This eeems to tell ue that bot}h '
children understand the new strategy. And, that the strategy used 1n their ﬂrst attempt, a]thouqh
N was correct, was chosen based on their perception ‘of the task .which was different from the .
research:r's perceplion of the task.

The above dlscussmn demonstrates the importance of the role of the teacher in this destgn as
a provoker and parttctpator This strategy helped to reveal 8 serious mtsoonceptton about the

chowe of startmg point which dason had acquired It also permitted the opportumty for the new

strategy to actually be tested by the chtldren themselves
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N,ﬂnm This tesk is $imilar totask 1 of this session. ‘As a method of introducing a new ‘
o broeedure the chil&en ore askeo to type the procedure neme into the wmouter and
!draw _ what they see. This new procedure is different from the previous (E12040,
£1.4020) procadures fn that 1t begins with & turn o

CStructure o '

' Explicit: The wrmen insttuction in the workbook is
Type | EL1030 and crew whatyou see” - :
The prooedure EL1030 draws a horiZontel line 10 turtle steps long joined at ] right
. ~ anglewith avertical line 30 turtle steps Iono . '

~ Implieit: The procedure £L1 930 begins with the turtle turmng clockwisa through 90 Qagrees.‘

- Jask roquirements: = S A ‘ .
Emugn A precise solution for the task requires: ' | - ‘
'l. Typing the procadure name EL1030 into the oomputer .
n - 2. . Drgwing e diaoram of what is on the screen into the workpook.‘
3 Label thecrowing | |

- " Implictt:" To be alo to correctly lsbel. the dimensions for the omram the task .rauirés :
: o . a interpretauon of the procedure name. '
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"ATT the task requirements were successfully completed by eact group

> N ‘
~ - ' ' ~ .

Note to the reager This LOGO pfoéepure was quite different from the other procedures previously

. ‘encountered in the environrhent as 1t began with & tprf\. 1t will be shown later that jan additional

-

- * " task requirement should have been to wr ite the program for the EL 1 030 procedure ¢
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Session 10 - Task 5
.
+ 3 t

* Mature:  Task S is exercise S in the workbook. 1t follows immedistely after exercise 4 1t

given as & written {nstruction with adiagram. - A —

Explicit: Thewritten instructions are: o

| ‘UsgEL1030 todrew: .~ -
The disgram is contructed with the E11030 procedure used twics. The diagram

Y

" Implicit: " The interface between the two Qrocedurw requires a rotation through 1 80 dagreeb.

’

i

En]jm A preclse solutton for the tesk raquires
’ * Wdentifying tha theorgina pracedure is used twce. N
SN 2 ctmse\hestorﬂmpoinu , .

. 4. - Rojate the turtis at B through 180 degrees.
5. Us’qtheprocaﬂm B T

. ’L -



‘lmplicit The task requires an inlerface at B This interface has tg take into account that the

1

-EL1030 procedure begins with a turn

[

~

" em

EL1030

&mﬂmm
. \ RT/LT 180
EL1030

.. Selected Teacher Interventign

"V_Vha{ 15 the first command 1n the EL1030 procedure?” . |

L
) QL' ‘
PP c
1) RT9O RT90 .
2)  ELI030  EL103D
3) LT90 CS
q4) L1190 EL1030
S) EL1030 EL1030
6) CS
7) EL1030
8) LT90 .
9) . £EL1030
10) ’ cs
1 g EL1030
12) - RT 90
12) EL1030
14) )
15) RT90
- 16) .., ., 7 EL1030. -

" 17) ¢S -

- 18) £L1030
19) LT 90
20) EL1030°
21) )
22) *. EL1030
23) EL1030
24) ' (W
25) EL1030
26) LT90
27N LT 90

. 28)

EL1030 - -

i C PR C.
RT90, .  RT90 RT 90 RT 90
EL1030  EL1030 EL1030 - EL1030 -
LT90 €S : LT90 CS .
EL1030  RT90 “EL1030  EL1030
: LINETO . RT90 .
. RT90 RT 180 i
- RT90 © EL1030
—  LINE3O TS
s - RT9O - .
: RT 90 EL1030 :
_ LINE1O - s
"L PDFD 10 LT 90 -
——RT90% . EL1030
.~ .PDFD 30 s X
cs . RT90 "
‘ L1030 . EL1030
: RT90 - cS
> 1190 EL1030 .
- AT90 - ELT030 .
£Lj030. . .- (I '
» cS L EL1030
-ELT030 Lroo- = | -
EL1030 - - PDFD 10
s . RT 90 -
EL1030 ‘ PDFD 30,
- LT90 ° . €S
SELI030 . CEL1030 . . 7T
) " PUBK30 \

¢

3
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29) ) . ‘ " RT 90

30) L S PUFD 10
31) | - ' o I
32) o . S ) " EL1030
'33) \ . " ' RT 180

34) . I _— EL1030
The difficulty deston(ed into this task wes that the procedure EL 1030 began with a clockwise
turn through 90 dedreeé In order to edmptete the task sdeee'ssfutty, an interfece joining the
, ,proeedure to ttself wes required. Thts tnterfeee however needed to teke the initial turn within the
preeedure into eecount Hence, 8 {urn throuqh a total’ 180 degrees would result in the desired
turtle heading to correctty interface the proeedure with itself to getetn the given figure. -
Groups { and I 'were able 10 do the task efter 8and9 attempts respectively (see GR | and GRP -
;HI- C I- 34) ,6roup I ran out of ttme and were ‘unsuccessful efter 8 attempts (s 6R II: C :
, t 27) lt 1s tnteresttng to note thet elt three groups on their ftrst attempt begen the task with Py
cteckwtse turn throuqh 90degrees This turn was already present tn the EL1030 precedure Thts |
led the rweercher to questton if ectuelty wrtttng the program for the EL1030 procedurs betore .
using it for rtgtd trensformettons woutd have been o Detter- tntermedtery step in the series of - ’
tasks. A eomment from Benny, after his fourth ettempt of "l qutt may well represent how the ' |
 children ol wnne attempting this sk, - R o SR
‘Note 10 the reeder: This task, etthough upon initial exemtnetion it, seems relettvety‘, .
stratmtforwerd contains an implicit element embeddad i the peruculer use of 8 spectftcatly A
(bstmed foundation procedure, 1.e. tnterfeptng a proeechre,thet begins with aturn with itself. |
' ' P

i \

'_Ganeral Observetions:
The rtgtd trensformettons in this session were stmtlar to those encountered in session 9 .

The exception was the last teskmtng the EL 1030 preeedure which begen wtth ] turn In oeneret

-
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t
used throughout the session ond were slways aveilabie to the children. To overcome the problen f
representing the initial tuu;n in the ELY 032 procedure és ] ooncrete menipuletive, 8 tut‘ﬁé wes:
glued on et one end o indicate the turn. oo T
Alt;wough the progra'm for the\EL:@OZO prwedur;a introdudéd in thi's smsign wes bot ;Ctuél.ly
written down, the.chﬂdren seemed to be able to distinguish it from ‘the éL2040 pt%edure‘and use

it appropriétley in the tasks. Skipping this step became & problem 1n;the introduction to the

EL 1030 procedure Whith conteined the added featdrg of it beginning with the turtle turning. 1t is-

perhaps difficult'to judge what the children ectually understood after completing the task with 8

RS .
or 9attempts ’
pts.
, ° R \ B
. VA - " . 4
-
- .
S
-~ L N
- -
4 . . Cf
. . .
. ¢
L . W
v
¢ |
. v ° v
'
L /
® - v
1Y o /
. . .
.
v - -
)
; : 4
S * f .
- e ,c
f ~ ol
" . % . Y >
.
O v
N .
b
“ . .
. 1N -~
S . - POt
- . . N
~
- N . £ » -
* - . Fl s 4 »
o ¥
d
7 \ -
-
¢ e -
s
' %
»
Rl -~ - - ’ L
-
»
- & ,
%
- . \ “w
L ¢
» '
-
. . - -
/-,;,,\ . ~ 2 -— L ¥
S\ / ’ -
3
\/ ar o© ~
* "
‘ . - L4 (. - b et
.
ks - e a
. Lo ~
- i
£ - 0
e [ 4 PN ~ -

- ?
. .
5 :
, .
. . ¥,
C - * Page -169
' . . “
< . ’ ‘ r
. ‘ . ¢ . . ‘

the children were sble to successfully complels the tasks Concrete manipulatives continued to be-

-y



: N ) SESSION 11

( ~ R . v
" continustion of%essio\n‘a It is oenter on 8 task wmc‘h) uses a procedure as 8 building block to

repesting serm ofe Iine procedu?'e with & turn mrough 45 degrees the structure of the stairs

: : ‘ c8n alsobe vwwed 8s8 repeatmg series of co:ﬁmands
N ‘ -
S The stair task is ettempted by each child as 8 homework awgnmanl frorn the pravmus week.

¢
a

' > Only after each child in the pair has verified and moqlfled, when. necessary, each of their programs
o s {he REPEﬂT commend introduced using the set of stairs es the pilot example, The children's

s w . - " ’
reactions to seeing the effects of the REPEAT command are described in detail at the end of the

Session 11 introduces the REPEAT command. Strycturally it is svmﬂar to and is 8

P T create 'a set of stairs As with the structure of the star ‘(session 8) which can be viewed as a

-
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Noture: Tesk 1 is centered on checking at the computer the homework sssignment given to

each child at the end of session 10.- This essignment asked them to wrigg

AP procsdure and then a brdgram using the procedure to draw.a set of ten stairs. It
" © © wesgiven tothem on 8 seperate sheet of -paper.
..+ Structure. - “In : :
) \ . . . . . -
L3 . l . - "HH//
T 2) 2
' BROCRAM '
. _ NN R} C
, ‘ .. Tigure (A)

3 ' > . ., /
# - Explicit: The homework has two questions and 8 diagram set yp on' the sheet &s seen in f{qure
N | (A). The first question has written instructions, the word PRdCEDUR_E underlined

below it and a diagram. The written instructiofs are:

Q1 - "Writea procedure that will help you to\drawasatoftenstalrs."'
- The ﬂiaggam consists of horizontal and vertical lines of " equal lengths joined 4t

right angles to make 10 steps.
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?
Explicit: A precise solution for the task requires:
' - " 1. Knowledge of what a procedure s and its corresponding: L0GO syntax.

g ' 2. Chofce of a proceduré that can be usad to construct the diegrem e.g. LINEX ( | ),
| ELXX( I ), or multiples of ELXX ( ). |

o . - ' .
*\ 3 Tho use of a procedure with the correct inter face to draw the set of 10 stairs.

umum The task requires "
1. Thet the child distinoulsh a procedure from atask C

®

2., That the child can identify @ building block™ln the diagram.
e.d.“_l‘. -0, Loy
3. That the child can give the procadure a functional neme.

- ) 4. That the child can use the building block to produce the set of 10 stairs. -
S. That the child can l&entify the appr'opriate interface reguired to ‘meke the set of

10 stairs,for his/her buflding block.

S ﬁumm]_ﬁnmm ‘There gre many possible solutions. Anexampleusing [~ esabuilding

3

. block fsgiven below: . 1 SR

‘\ . o Q1 T0ELI010 T
N l | PDFD 10

o -~ RT90 B

- S o . PDFD 10 : '
\ - . | " END : : -

- C . Q2 E1010
’ | , LT 90 -
- o ; " ELI010

’ o
~

B T
A

4

. | . LT 90
S ELIOI0

. “ "
%&JM BRI ‘:‘t:\'wd. . - R . .o v

i"‘i;'ﬁ’»?",’
&
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’

sSelected Teacher intervention: ' None a5 the computer provided the children with the

necessary feedback.
Children's Attempts: A
PP S ¥ PP ¢
(Gregg) ;
1} QI1-EL1010 TOEL1010 Q1-LINE30  LINESO
2) LT 90 PDFD10 ' RT90 ° TOLINESO
3) EL1010 RT90 . LT90 .  LINESO
4) o PDFD10 »  LINE30  LINE30
5) . . END RT 90 TOLINE3O
6) X cS . LT90 . LINE3O °
7) (10 times) ST - “LINE30  RT90
8) EL1010 RT 90 LINE30
9) < LT90 LINE30 RT90 ¢ :
-10) - -EL1010° LT90 - LT90
- 11) ‘ . LT90 LINE30  'LT90
- 12) é - - LINE30
13) . Q2-LINESO .
14) : RT 90
- 15) ¥ i LINESO .
16) (9 times)- LT 90 EL2040
17)% ‘ : LINESO  TOEL2040
18) . RT 90 S
19 - . ° EL2020
20) Do TOEL2020
21) . / . PDFD 20
22) -, ° (7 times) RT 90
. 23) g . _PDFD 20
24) ' T (Robert) END -
25) , QI1-PDFD 10 EL2020
26) .y RT90 LT 90
27) PDFD 10
28) - ’ \ RT 90 J
29) PDFD 10
30) RT 90
31) R, .
32) N
. 33) ¢ : :
- 34) * (18 times)
35) .-
36) Q2-not sttempted

CeRIN

ep

(Grace)
Q1-T0'10 STAIRS

PDFDS

RT 90

PDFDS

LT 90

POFDS

" (9 times) .,
END

Q2-T0 1OSTAIRS
ELSXS
1T90 °

ELSXS
LT 90

|

(10 times)
END

TO STAIRS10
ELSXS
LT 90
ELSXS

£

END
STAIRS10

. TOELSXS

PDFD:S
L190 .
PDFDS -
END

ELSXS

Ccs
STAIRS10

PN




R Pleese note that due to the length of the computer work done in this task only parts ore ,
) - ' reported on this teole For o oomplete descrlptlon please refer to the dribble mes in the Appendtx
Up until this session, for tasks 1nvolving the use of a procedure the procedure to be used
. had bmn provided This wes the ﬁrst time thet 1he children were esked to-choose and deﬁne their
. own procedure (questions l ) to be used es the *foundation procedure in the progrem of- 8 specmc
task (question 2). The ressarcher assumed that the childrén were by fow able o distfnguish a
procedure from 8 progrem and that the structuring of the questlons in terms of their order, and
careful use of the words PROCEDURE and PROGRAM respectively written below each one, would be
) hint. None of the children oorrectly answered either questron (see table above). Under question
‘lv:onlgl Grace wrote an actual procedure whilst the others wrote pro&rame. "Under question 2,
Jennifer, Benny and Grace wrote prooedures, éregg u/rote a propram and Robert left the question
unonswered. We con see from the weay-the children answered ewh questlon thot they neither'
understood exectly what each question was esklng nor were the words PROCEDURE and PROGRAM
=y very effective hints. ‘
Despite this confusion in the homework it wes inieresting to olbserve that once at the

. .
computer éoch group of children was able to suofeeefully oomplete the task. For exemple\ Grace,

from woup i1, begen her oomputer work writing her prooedure to STAIRS10 whlch used the .
subprooedure ELSXS (GR 111, C:1-4). In her case, the subprocédure ELSXS had not been defined
, - previously ,al@houm this had been the intention within the design-of the task. Grace, however , wes
, able to complets the tak successfully usingthe fnormtion provided fn the error messages. The
ol " rolo of the computer durfng this activity became one of 2 “feedback provider™ both ot @ visual and
| an orgenizational Iml. This feedback enabled the children to define their procedures and

hJ .

i o thereafter to reviss their programs.
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Anotpelj form of feedback was‘also observed. That whiéh, came from the interoction
between the children themselves. 11 wes observed with group || thet the interaction batween the '.
two childrep was sufficient to eliminate the step-by-step approech thot hod been adopted by the
one child (Robert). As aresult of this dynamism between the children, their written work and the

N i
. computer, and between the children themselves, the resaarcher s role became that of an observer. -

.

Lntroducing the REPEAT Conmand v
In order to focus on the processes corresponding to Turtle Geometry activities designed
for this leormr;g énvironmeht. the command REPEAT was intentionally omitted up until now. The
introduction to this commend has bbeen corefully embedded within the design of the sessions.
»\" ' ,Prﬁﬁ“r*atfon'for its fntroduction consistent .with the Spproacn. used for other progremming.
i mncgpts in the environment began in session‘a and has continued in tpis sessfon. )
The homework activity teckled in session 8(x)'. fdr each group, concluded with the
e ressarcher demonstrating sr{lving the task using 45 degree turns in & continuous clockwise motion.
i.e. LINESO RT 45 LINESO RT45 The objective underlyinq the damonstration of this strateqy
wes to view the tosk & 8 patterned serfes of commands This strategy wes again embecbad in .
Sessfon 11 in task 1, drawing & st of 10 stairs. \Each group hed the opportunity (either
self-achieved or demonstrated) to view the task es 5 series of the procedure "STAIR" with. an
interfece. This wes followed with & demonstration by the researcher of the RE'PEAT commend for
completing the some task: REPEAT 10 [EL1010 LT 90].
The following are excerpls froqn eech group during this activity. \ Ty
R I: 4
. Ressorcher:  "We type repeat space 10 times squere bracket EL1010 LT 90 square
| " bracketother side.” (REPEAT 10[EL1010LT 90] ) - |

t

& W T s

s
X

i
: . *
E’Q.- . ~
ﬁr.‘
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A .« oL e . ,[ ) ,
Jennifer & Benny:  (Both children lough “efter waiching the turtle drew the ten steirs )
consef:utlvely;).v ) o )
Researcer:  "What dayou think?"
Benny: “It's Yike it gone crazy 1"
Researcher: "How did the turtle do it?"
" Benny: | it went zzzzzzz." (Imitating the movement of the turtle'with hishand.) -
N :
Reseercher- "What is it wé want o do 10 times in order o drew thestairs?™
‘Gr;m: "EL1010 8nd . | Do ..( b e
Resesrcher: - "And?" R 4
oregy . "R}Q,O"'. R |
i Rmarch.er: "Tﬁere ise comma;\d' in LOGO that'goes, REPEAT space, how muny times do\ |
T we want to repeat?” |
‘Oregy - . “lOtimes” ' °
Rescercher: “(while typing) 10. Open square breckel,” S
7 g "Whatdowewanttorepest 10 times, ELIDIOLT 907"
Resesrcher: ’ “0|'§se squore brackets. (REPEAT{ ]) Whet do you think the turtie is '
| going to do?" \ | ‘ ’
, ~ Gregg "‘Ah-likethis (ie )10 timas,axeept.really fest."
Researcher: 0K, let's watch.” | _
érepg&k_obert: ~“Onhyes!” (Thechildren loughed and laughed 1n exciiement)
5, ", Reseercher: | “Bobbydim'tse}:tﬁatmhetstw'uredtway,hesaidnedidn'twantto |
: \ \@ do computer work.” ‘ ) |
] PO . , ) p




5

Robert:

OR 11l

Researcher: °

4 Grace; :

‘ Researcher:

Grace:

~“ - "Researcher:

Grace:

<. . Ressarcher:

. put
‘Grace:

.Researpher: '

Page 177

1

" “Sincs | saw that trick I'm still elivel® .

"Whichone did you 1ike doing better 2"

“This one.” ‘ ' , :

Why?"

" 'Causeit's shhrte_r'.".
“Do you want to see another shorter way?"

"Yes.

)

“There is a command in LOGO called REPEAT (typing). Now-we heve to tell

it how many times we want it to repeat if - 10 - usesquare bracket ond

in ELSXS LT90 ond square bracket. (After the turtle draws).
(Lougts with excitement.) * |
"Is there, enotne:;(«ay that you could do the stairs?”

Al

The common response emong all. the children when watching the turtle do REPEAT 10

[fL 1010 Lt 90) wes to become very excited and lough outloud. They all seemed dmused by whet

, the turtle did. Benny 'cbmments.that "it's like its gone crazy” end Bobby who had been io'sing

interest fn the session responds with, “since | sow thet trick, 'm stil alive”, This sheer

excitement and amazement had not been -expected to such on extant by Qha reseercher. Iq.this -

particular situstion the product (the ten stairs) was assumed onticipoted by the chﬂd‘an Whet

seemed to become the point of focus was the ectual turtle’s process in producing the stairs: -

¢

\ K
o

%

5

R
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- o SESSION 12 - |
X : Sesston 12 wes destmed to meet two ob)ecttves For the purpose of informal evaluation by
;the reseercher the first obfective was to design tasks for which the requirements would review
programming ond methemettcet concepts previously encountered in the envnronment The second
objecttve was to provide for the first item o situation which required the use of angles other than
multtples of 45 dagrees. The session was designed with & minimum amount of s{ructure required
to meet the ebove set-out objectives. The reason for this wes to be able to observe the children’ s .
perttcular strategies while sttempting the tasks.

The session consisted of & series of four tasks designed with a very specmc hiererchy Itis
8s follows: ‘ .

o]

Tesk |: Is 8 semi-structured tesk in which the chﬂdren define their own foundetion
procedure (e line) to be used in the proceding three tasks. l l/ Ié :

(4)

i Tesk 2,3, 4: The strategy behind this series of tasks s the same that wes used in session 7
when introducing 8 45 degree angle except that it is continued one step further by dividing:
the quadrant into three equ:el perts. Tesks 2 ond 3 are present for the purpose of recall

, ond task 4 reoutres the use of angles other thon multiples of 4S/deorees.

&

1t should be noted here that the difference in tasks 2 and 3 in this esssion to those given in
s . " session 7 ttes in the structure of the tesk‘é. In seestm 7 the foundation procedure is given es a
stete-trmsperent proeedure. In'this session the type of foundetton procedure is determined by the
- choices made in tagk 1. The task requirements ore dependent on the procedure type chosen. Each
A “ ‘ task ent)ithe children's attempls are dBscr ibed below.




Session 12 - Task |
Nature: This is.the first task on the workbook page for smtdri 12. it asks' the children to
write and draw a line procedure of the length of their choice. This line brwedure is

A

_ then used as tha foundatfon procedure for the session.

- - 1

Structure 1) Write a procedure to draw . -

' a line any size you want.

: DRAWING  PROCEDURE

~

‘Explicit: A written instruction and two column headings are provided in the ares of the
workbook designated for task 1 (figure x). The written instruction fs: "Write 8 -
procedure to draw a line any size you want”. Thé two column headings are: DRAWING
AND PROCEDURE* >

w implicit: This is-the first of a series of four hierarchical tasks. The restriction of writing &
procedure is to define o ,"féundotion procedure” which csn be uséd in the remoining
tosks, . ,
Explicit: A precise solution for the tesk requires: '
: 1. That the children choass the size of 1ine they wish to produce.
. 2. Writethe procedure that will produce that line (using correct LOGO syntax). p
| Y 3. Drawthelne o | C E
) Note:  For this task steps 2 anid 3 can be done in reverssorder. - - . w
? ‘ Implicit: The task demonstrates défining@ ';founmuon procedurs” before ﬁélhﬁ it. . :
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Wﬂm ‘Thers ars many possible solutions. Anexample is:

T TOLINEgO
;60 , - PDFD:60
- . PUBK60
| @ *ASE ' END
.. Usad with R 11 - {0 focus on.the tesk réquirements.
~ "is that a procedure?” . )

_JoLNEGO . LNe60 " | PDFD100.

VSUBDFD6D LT T T TR e e iy TOLINET00

END - : . "#-1 -PDFD 100

S - S oSy ATe

LAY

4

7

The rollowing toble summor f2es the children's Pencil and Poper responses i the

question “Write 8 procedure to drw 8 line any size you went."

GR | was the only group to mest the task requirements as intendad by the reséarcher on the -
m-'s\ sttempt, i.e. write the instructions for 8 procedure to draw & siraight line. Inthe case of GR

i1, they used & procedure thet had bden previously defined in another sessfon. This may be the

- *result of the question being uncleer in stating the task requirements. However:, once the group was '

at the computer,, thay were required to define the procedure, regerdiess, as It was not available in

memory. I this perticulsr case the computer aided in directing the children to meet the task
‘Teirenénts. BR Il inwriting "PD FD 103" for thelr irst ttanpt, required the tesher’s

-



¥ . i i . d 4 , ‘ . = ;.:,
‘) o S R 3 ‘ ” - I
) "‘ i A . i ‘e 4 N . ? . . -
. . , ‘ . N Poge 181
T , , ’
» a N . . ’ b [ . M ' . . . v
. Interventionof “ls that a procedure?" to focus their attention on the task requirements. ;
- Note: 11is interesting to note here that none of the groups wrote a state-transparent procedure.
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Session 12 - Yask 2 - . . R L
Nature  This tesk is the second task in the serfes of four for session 12. It is simtlar: fn

structure to that given in session 7, task 2, but differs in its .requlremenls because of

the "foundation procedure" used for doing the task.

4 ’

" figureA

‘.

° LY

e

. read: Uss the procedure to draw. The diagram is a solid vertical and horlzontel ling:

PRI . L Y \dvs.r.o-u Pl d

E I

v Explicit: The tesk consists of wrltten instructions and & dlagrein The written instr;uc'llp’ns )

)
-
.

" foined at & right angle and opening to the right 'The diagram has no labels or SR

~ indicatjon of where the turtie is.

implicit: The solld llne represents the length chosen by each group in task 1. The two lines (AB _ :

Ve

gy 2 Chqbslm.eh oppropriste sterting point given the sfructure of the procedure
Gfinedinteskt. . .
3. Turningthe turtle m‘\m{\% dorees. | L

¥ . ’E

. 'endBC) are of equal length
‘l‘ ' . ' - . o.‘ . " I3 /
 Task Reaul ts: S - l
Expligit: The tesk requlrfs: - - | ’ N ,
. . . , . . ¢ . \ R L
1. The usa of the procedure &s determined by the choice mede fn'tesk 1., e
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- ',m_n_ljm: "Tpe choics of the starting point will de{e}‘{nine the eqse or complexity of the program
e ‘ ‘tc.:r be written for the task, i.e‘. |f the procedure belng used to do the task isx
“ non-state transparent then C 1s an optimum starunq point. . The potnts A B wﬂl
require extra prograrnmingsteps ' : - "
= | o TS o
mmam_m]ynm There are many possible soluttons An example is ) " ’

790

LINE6O .

RT 90 - ! DO
LINE6O : S R

o ‘ [ v *

The computer was thepritncipal source for foedbeck. The researpher did riot intery hé. c .-

tt

, C 1) LT90 - LT90 - ° LINE6O.  LINESO +*  LT90 . LT90" .
|« 2) ‘LINEGO - LINE6O -- . RT90 RT90 . - 'LINEIOO  LINE1OO ~°
- -3) RT90 ~ -RT90 - LINE6O  RT90 - .- RTS0 : - RT90
..~ ,4) LINE6O  LINESO - °  PDFD60  LINEIOO  LINEIOO
- 85) S <, RT9O o
6) - . ; . e - .
7) S lTod *
8) l ' LINEGO |

PR ) s A R - ¢

i:;";z

1" Both Groups | and I1-were sdeoessful on /lheir first attempts Each of these moupsdma the

starting_ polnt C (in figure A),, the opumum startmo point’ qlvan each of their M"N
7 °e ' " .5 :/.
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non- stota tronsparent proeedures Group 1! originony chose the point A (1n figure A) as the
starting poi nt and typed the lengthy program reaired by %-ms choice using direct moﬂa

Two things are interestinq to note here. The first 1s that all of the groups in their initial
attempts seemed to be aware of the nature of their foundation procedure, 1.6. none of them wrote &
progrem assum}ng thet the program was state tronsporfm (LINE6O, RT 90, LINE6O). The second
note 1s that GR |1 workjng in direct mode at the computer demonstrated t; non-oplimal strategy. It

is' unclear how much was really "planning” and how much was just consequential due 1o using

-

direct mode on their part.

LY
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‘" Mature: This task.Is the third tesk in the series of four for session 12, It Is simflar in

structure to that given in sesston 7 - task 3 differs in its requirements becauss of the

~ "foundation procedure” used for doing the task. A
- : e
’ 13 . i A g‘ 14 \
structure: - D
. ° : o
B C -
figureb

mljm: The tesk condists of ‘written instructions a‘nd o diagram. Thé written instructions .
given ere "Write a8 program to dr,aw;" The diagcam,;s identical to that in task 2 :
,' except that addition tpere is e third squd d;ine drewn at 8 45 degree angle: Thj diegrem ’
hes 10 bl | |
mn_lm_t The soltd lines are not of equal length, é llne BD is longer than Hne BA and‘BC
) ~Because the use of prwedure is not specmed in the written\tflruction .the task
requirements wﬂl be. portiany determined by the choice of building blocks used to
write the proorom The emphasis m this task is not on the len‘glhs ossigned to eech

* {

Iine 8s visually the dlrfgrerb&s ore very supth. ‘

_Explictt: A correct solution requires o ‘
~ .

. 1 Thetthethreesoltdlinesbedeawn, . .t T

2. Tha¥Tine AB and Iine BC be at & 90 degreee angle from each other.
3. That the line BD be at a 45 degree angle from the other two lines. © ..

— e f [y




P
Children's Attempts:
ORI )
‘ PP ¢
1) .RT90 _RT90
2) LT90 LT 90
3) , LINE6O PDFD 50
4) 'LT90 ¢S
S) PDFDSO  LINE6O
6) PUBKS0  LINE6OD -
7) RT45 cS
8) PDFDS0 - LINE6D
9) " . BKLINE6O
10) CS .
1) * LINE6O
12)- LT 45
13) e CS
14) RT 90
i5) *RT90 -
16) LINE6O
17) . LT 45
18) LT 45
19) LT 45
. 20) LINE6O
21) PUBK 60
22) RT 45
23) -

LINESO

: '&mﬂmmunn There are mqn'y possible solutions. Anexample is:

Pege -186 - -

W/

LT90 ' ‘ -
'LINEGO a N
RT90 . ] , »a
LINE6O . "\ : T
PUBK 60
RY 45 ,
LINE6O ’
. g .
o - ‘
~ . ‘jl hd
PP £ . pp - G-
'EL4040 EL4040 < L1790 LT 90
PUBK40 CS LINETOO  LINE10O
LT 45 TOEL4Q40 RT 90 .RT90 »
LINESO LS. LINETOO , LINE1OO -
. TO LINE40 PDBK 100 PDBK 00
. TO LINESO - LT 45 LT 45
v EL4040 LINE1OO  RT 90" -,
PUBK S0 : LINE100
LT 40 )
LINESO ’
- J
7~
"
— ] ‘r




% LR N - . ' \ ' . .
. ‘ _ . ‘Page 187
b R . JenntferendBenny decided between themselves that Jennifer would work on the Pencil -
. o

end Peper pact of tésk 3 elone The program which she wrote contains 2 tetereltzetton
. : - - ereors- (see OR |, PP 12, 7) and uses both a procedure and & command [or drawing
o B (eee ORI, PP 3 '5 8) It eppeers thet dennifer perceived the three line segments to
| ‘ not all be of the same length During the actual computer ecttvtty Benny perttctpeted in
".the task by helptng Jennifer -correct her errors. eg. "NO, that should be UNE60
T Durtngthts ttme the researcher ected as an observer. '1 . )
fGR"lI': Thts group took the stretegy of ustng 8 procedure called EL4040 Dependtng on the
c ) process given to the EL4040 procedure, the Pencnl and Paper pert of the activity could‘
be correct. *This group used 40/40/50 for the lengths of the line segments with 50
- belng the 45 degree lne. ‘What was observed wtth this group yes thet once at the-
computer they discovered thet EL4040 end the LINE40 procedure needed {o be def ined. ‘
~ This became & tengthter prm then whet wes origineny intended for the task (see GR
S T nci3=6) T .
| GRill  Ysed-the'same program stretegy to draw the hortzontel end verttoel lines &s they hed ' -
- used tn tesk 2. Inadding the third 45 degree line tney maede e iaterelizetton error using - |
LT 45 insteed of RT 45. Atthe eomputer LT A5 was corrected with RT 90 (seeGR lll e
6,7). This group made all line segmentsequel lngth. ~ -+ o
'“! ) " Note :Gtven thet the structure of task 3 was tdentlcel to tesk 2 wtth the exception of an '
‘ " additional 45 degree ltne segment, it is interesting to note thet only GR i used the seme‘ A ’

‘progremmtng strategy in both tasks. OR | chmged the sterttng point ond GR H used o'.

r3

v 7 Whole'néw prooedure (EL4040) PR e

s N N '
s .
t, < co
~ B © . -
- . . ), 1) -
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B ' Nature: Thistesk is the Tast task ofasartesof 41n the session. Althwgh it appeers simnar in
structure to the other tosks for tms session, it differs substantially. in that 8

successful solution requires for ths first time the use of & 30 degree angle.

‘ - * -

. , C . y ™ ‘ ! ;
structure . L
N | E . / . ‘
' - e T
L . \ - figure ( A )
Ezpjjm The task cons1sts of a8 writlen mstruehon andadiagram The written instruction is: ' .

"Write a program to draw:" The diagrem consists of four straight 1ines" one Ly

horizontal ;one vertical, and two at 30 degree angles from esch;qthqr. The lines are

-

not of equal length, 1.6. lines BD and BE ere longer then 1ines BC an'd'BA., I
implicil. The quadrant is divided into three equal gerts of 30 degrees each. o ‘ ._
<. Em_u_cl- Acorrectsolution requires: S N '

"1, + That four solid linés be drawn

2. Th_at Iine BA and BC be at'a 90 dagrse angle frucu each other one bsing var't‘wul - ‘ X

’ end theother horfzontal ' - T R ‘

, '3, _That the lines BD.and BE b6 30 dagrees aparl o I C

_— ]_mmjg_u The task requires 6 turn other then RT/LT 180 "900r 45

o

- S mg_s_[nj_m]num ' There are marty posslble solution dependlnq on’ the choice of .
-, L progrommingstroteqy Anexample(assumileNEso 1sstate-trmspocent)is. Ny

-

~
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© LINE6O - -
o~ - p ~ RT3 . -
, . < ‘ SR ~ LINE6O . . .
. oo RT30 .
‘ : LINEGO™ / .
RT 30 -
N . * LINE6O
, ot T ' . -
~,$‘ ln ordar to facllitete the programming process moclated with the chﬂdren attempting
.« - @ ‘various angle inputs, the re@rcher prov ided each group wfth a state transparent procedure
E towards the end of the msion when fime wes becoming of the essence N .
r’ ' ' - ’ . \ . 4
PR PP PP
, “L.'INE‘:60" ’ , £EL4040 1790 ; T
PUBKE6O . = , " PUBK 40 LINE10O
) _ RT40 ' LT 45 . RT 35 ‘ '
. -~ LINE6O" . 7 . LINESO +» PDFD100 -
. PUBKEO . " PU BK SO RU.BK 100 .
; ‘< LT40 - . - LT40 | LT 45 : 5
= LINE6O . . LINESO PDFD.100
, . PUBK 60 - ) PDBK 100 -
, = RT40 . p LT 45
.LINE60 * PDFD 100 ,
.\:f ’ i ) —mmm . n ‘ U L]
‘}]_1.11_4‘_ _‘i ,J_ 2 & 1L 23 4.
N "40 40 20 30 20 £EL4040 - EL4040 ,EL4040 35 90 20 90 .
- 40- 40-20 30 20 | LTS, LTS LT45 " 45 4 6 30
. 40 20 30 LINE30 30 . RTS ~ RT20 RT30 45-25 10 40
. 15 5 .
618 - & IR T T
L 202525 ¢ T4 ©90-90 . P
20 25 25 - Co RT 30 o . 10 22 Y
o .40 25 20 .- RT 90 B 2
'. Ky \ ) _ _ o N 66 ‘i,
| . . 4H
Reic ;) " ~ :



€

.
L

Page 190
/ ’ N ,‘7 A
Eech group used a dmerent strotew in wrtttnq the program for' .the tesk GR | storted ot
pot;nt B aml used 8 probedure calied LlNEﬁ_o ORI sturted at potrit C and usad two procedures
EL4040 end LINESO. GR Il started at pomt A ond used 8 proeedure eened LINE10O. AN of the /

: procegures used for the task were non-state trenSparent._ The Paper and Pencil work suggests that

the children are not having any difficulty in p'rogremmtngf'the turtle to drew the four solid lines
The fnitial choice of inputs for the turné®re for 6R | (40, 40, 40), GR It (45 40) ond GR
I (35, 45, 45). For the first ttme the children used inputs for ang)es other thon multtples of

45 degrees The dtfftculty in this task seems to lie in the chotoe of inputs for the turnsv/htch for
/

. the first ttme tnvolved angles other than 45 and S0. The inputs chosen by the chidren however.

Yo ‘ A . / K

indicate some awareness that: ‘ ’ ’

A) - The rotation of the turtle determines the position ot'the ltne. - /

B) Number inputs other than 90 are required. \ ) /

. o . /
C) That the furns are less than 45. ‘ , *
[ . ’ N //
o . p /

General Observations. -/

r . /

Thts sessjgn.was the last ‘sesston in the series of twelve. The two main ubjecttves werg to
observe 8) the children's programming strategies in % semt-structured task\ncH;)\ the
ch\ldren wou)d handie a drawing that explicitly rejuires a 30 degree turn.

It was observed that in general the chtldr;n had very Httle difficulty in the proorommtng
aspects of the tesks Despite the odd Iateraltzatton error controtling the turtle seems {o pose no
problem for the chi ldren in fact, the open structure !or the sotutions of tasks 2, 3. end 4 resulted
tn the chtldren using programm ing strategies whi/cﬁ were not snticipsted by the researct‘?er. e.g.

EL4040. = T x /o
—_ ) /. A .

'
/

’

4

w




a : . P
P - ”

. , o , © ., . Pee 191
- v L Ihe eim of this sessionwes {0 build on the children's knowledge sbout 30 and 45 degrees in N
s o T order to introduce 30 degreés. This was done by assuming the hierarchy { l__ ,1___» z
' | used-in the ser fes of tasks weujd help the chndren» to recall what wes believed to be known of 45
(bgr@s relative to 90 degrees ie. "1/2 RT 90" The'éwearcher’ expected the concept of 1/3 to '
< e vsurface and come unde{ discussion. Howeveg ,. this was not the case. The children never mentioned
8 fraction in the whole seesion. Whet they did do as a result of the tesk was to use nnqles other than
m\ntlples of 45. This was not oo orlqlnel objective for the session but was an original objecuve of
the overall learning envfronment which despite the efst in sessfon 11 ﬁhelly occurred The

2 ‘ ‘weokne&s here was the ossumption made by ‘the resesrcher regarding the children s percepnon of

90 en(45 deocees end perhaps their‘ knowledge of fractions.

1

-

[
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“  CHAPTER S
S - THE CONCLUSION *~ ' - . - -.

. Co
.

t

© The study provides: B .

' 'e) A frame of reference of how 1o improve LOGO in the classroom. .

b) A working .model for others to devefop further

c) Concrete suggestions for teachers and researchers.”
5 ¥

The foowing aré the Timitations of the study: - "

e)i The study took place outside of the actual clgssroom. ' ' /’ L

b) ‘A limited number ofchﬂdreh(6)worked’m the environment ‘ o ) -

c; _Limited timeframe (12sessions/ | hour aweek). - DA L
PR

&

In"this se\cu‘on, the var ious eomponents of this 'Procedure-Based learning Environment' ore .

' exemined with respect to how' they evolved in the actual experimenr. ' The purpose of this .
exeminetton\'is to an what was discussed from a more theoretical point of view in the methwoldgy'

with how it was actuenyimplemented in the study The aim here.is to provicb concrets exomples

to both clarify and demonstrete osch oomponent os it has been def ined in the overall environment.

- -

‘ k)
THE ENVIRONMENT ¢ - T *
" - M o
. ‘ . :

,
‘
\

-

Ine role of LOGO in this environment is one in which the LOGO programming process 1s1tself
the learning ectivity while very cerefully designed products are provided*ns/ the chﬂdren s

'
i r
~
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objectives. That is, actual programming fn LOGO is done by the children &s in a project-orfented
spproech but, projects are replaced by tasks: which have been designed to meet selected
programming and mathematical objectives, In order to create tasks which meet these objectives,

* v 1
oértain restrictions have been intentionally pleced on some of the LOGO features (e.g. having to

use a procedure instead of PEN DOWN for drawing) and availability of certain primitives (e.g.

omission of the HOME command).
Role of the Teacher

The teacher's roles are very specific, distinct and strétegic to the learning environment.
The aim is for the teacher to be used et an optimum level whild the child is learning. The fact thet

“the roles are pre-determined in the design of the environment acts 8s a guide .for the teacher

- during the actual sessions. The following roles were observed in the twelve—éession period: guide,

-gemonstrator, provoker, fecilitator and participating observer Each role is examined with

examples fr@ the experiment in order to identify ond clerify.how they evolved .

Q_um;_ The teacher's role/ as 8 gyde involves providing instructions and stwrigthe
‘children on how to\&()erate in the envir }nment with respect to the use of the Ieerning materials
(psper and pencil, concrete m /pf {mivw and the computer ). Examples of this role include
're'minding the cffildren )eo/rite down’ thelr solutions before going to the computer or within the
paper and pencil stage, indicating where the turtle is going to stert (S) and end (E). As this wasa
new environ}nent for.the children, in the orly sessions avair amount of guidance ;~as necessary.

However , it did diminish as the children became more familiar wlth_the environment.

o,

ngnn_ﬁnﬂnn; The teecher’s role os 6 demonstrator involves using elements (e.g. o, ——

tesk) slready present in the 1earning environment to explicitly demonstrate a specific idea or
concept. Although at timesllhisf role may toke the fgrm of 8 spontaneous action during a session

ES

(e.g. demonstrating how to use 8 manipulative) certain taskgare actually designed so, they can be

-
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used by the teacher to demonstrate & specific concept or strategy. An c;xamp\'e' of such a task is seen

in Session 8 which required the chndref}o(rmi astar (k). This task wes used to demonstrate

to the children how it could be solved using a ‘continuous programming ﬂ‘ow' of o repeating
sequence of a 45 degree turn and a LINE procedure. The objective was 1o demonstrate a solution
strategy consistent with the process logic of the REPEAT command. The role of the teacher as a
demonstrator was a very distinct and strategic F%Ie in the environment

Provoker: The teacher's rola~as & provoker is a spontaneous role. It 1s' found to be
especially usefull and strategic for situations in which the provocation accentuates an underlying
objective of the environment or of a specific tesk Fbr example, &8s & stimulus for
improving estlmaiion skills, during the maze task in session 3 the'tealcher challenged the children
*to not only_get the turtie through the maze but to do it in the least number of moves. ' Another
example s taken from session 10 in which the children found a successfull solution for the
required rigid transformStion but in an attempt to stimuidle & more optimal one, & challenge was
presented”by the teacher declaring that the task could be solved using only two commands. These
'provocanons were an immediate response to the children working Ir; the envrionment. They were
possible because overall and speciﬁc ob)ectivw were known to the teacher at the beginmng of the
task allowing the teacher to complemerft’ the actuat contribution of the task

mmnmu The tpache/r's role as a factlitator isone fn which the teacher provides some
fo;‘m of aid to the ch\ﬂd(en facing a difficult situ;ao\\mblt is a reserved role si‘nce sn objective of

the learning environment is to observe what the ehildren are capeble of doing. The aim is to

-

«
fectiitate & situstion and not to provide o solution. For exsmple, while sttempting a rigid

transformation task, a new procedure for which the p'rm begon with 8 rotation wes posing 8
, : »
problem for the children (Session 10, task.5). The teacher ecting as a facilitator tried to focus

the children’s attention on the procedure’s process by asking them what was the first commend in '

.
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the procedure. Another exmaple wes one in which the‘ teacher suggested the use of a

, state:transparent procedure for va task in which the children were having difficulty in |
determining the correct rotation (session 12, tasli 4). This allowed them.to focus on the turn, as
with a state-tranparent procadilre the turtie would sutomatically return to the required position.
In both these examples the teacher attemptéd to facilitate the situation but gjg_ml_gmﬂ_@_&hg
solutions for atask, . .

Participating Observer: During the time that the teacher is not playing one of the
above roles, the teacher becomes a participating observer. This allows the children to wo.rk,
independently and the teacher to observe thm. This combination permits an ongoing ana‘lysis of
the children's behaviour to‘ take place providing an opportunity for the teacher to evaluate any

ossible requirements that may be necessary.
Teacher Intervention ~ ?
" The strategies used for teacher iniervention in this study are porqlle\ to the teacher's roles,

A Y
1.e. intervention is.used to guide, demonstrate to, provoke and facilitate for, the children. As all

- the components (teacher, child, learmhg materials and LOGO) in this learning environment are
oiyen specific and shared role§, intervention itself is veryastrategic but does not oa?ry the weight
that has_beg;t observed in other sludiqs (Brookline, Chiltern). In this study every éffort has been ?

made to include in the descriptions of' the-children's behaviours the interventions which were
present. For examples see "Selecged Teacher Interventions” in Chepter 4. In general,

- interventions ware short and to the point. Some examp;les taken from the tape are: —

"How far have you gone from here to he}‘e‘( pointing on the screen)”
“Remember , you want to do this in the least number of moves." ,
f | \ ~ Qyerall it was found throughddt the experiment that having specific objectives to be met

"~ allowed for constructive and spontaneous interventions to take place. ‘
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Child Role

P

In general, the child played the role of an exﬁerimentor. and, exceptionally, the role of 8
bartibtpatlng observer during a demonstratton:' In the context of this leor'nlnq environment the\ '

, children experimented on their own, tasks being provided to steer the experimentation, i.e. the

’ children worked in pairs quite independently from (he_teacher (see teacher roles/ intervention)

, but the tasks implicitly provided the contents which weré to be explored. Again, as with whet was
observed with respect to teacher role/intervention, having distinct roles for the various

components in the learning environment seems to have facilitated as well as supported this role of

the child. . .

- ) Q s
The teaching strategy in this learning environment has l;eeQ to present both programming

and mathematical concepts in a very progressive and steady manner. Tasks are designet; to ;resent ’ ‘

these concepts vFry gredually and manipulatives were available as support for the tasks. Both the g

programming and mathematical concepts$ ere developed thoroughl;.q This is done by presenting

several similar tasks requiring the use of the same concepts. The overall aim is for the children

to work with LOGO features which they can understand or to build up gradually to more powerful

. A
The emphasis was on providing a leerning environment which would foster the lesrning of both

.

. K4 s .
programming processes ,ge.g. see session 8 and 11 for the introductiorrof the REPEAT command) .

- concepts and skills. . v . — -
Tasks
The children’s solutions to the.tasks designed for this leorning environment seem to suggest

.

——

that they were appropriate for the age level.‘ In genera), a solution wés !ounb within the first two
to three atlempts. Occasionally, though, solutions were found on the first attempt or not at all.
. , | _

Although"each task was carefully designed and analysed with respect to the mathematital and

n ' ' v &
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programming concepts required to successfully do i1, occasionally unexpected interpretotions and

b solutton strategieswere observed For example, Ina task in whtch the children were asked to use
LINE6O todraw af igure on group degtded during the.paper and pencﬂ stege that length was 70 .
‘ .’,' so they defined and used a8 prooedq,re called LINE70. This was not at ell expected 8s a solutton.
strateqy (Sesston 4, task 2% A second example demonstrated an unexpected 1nterpretetion of the

task It wes 8 task in’ which the cmldren ‘were asked to draw a star ( % ) with etght equal
f

. | —spikes. One child peroejyed the task &s ( * ) wtth the center tine being d)fferent m length from

¥

the others ( see session 8, homework tesk). It wes not always obvtous how to present and write

g
unembiguous 1nstructtons for o tesk

' g " Different features A&rose *in the ex.periment with respect to structured end

v

_ -.semi-structured tasks. Structured tasks, those.for which t#ingle solution exists, were

€

' vextremel‘y useful for demonstrating a perticular programming or mathematical ooneept. For

-y

) [ example, 8 tesk which requireda 90 degree turn interfaced with a procedure demonstrating a rigid-
transformation (see sessfon 9, task 2). Semi-structured tasks, those for which & numbec.of

" possible solutions exist, were very ussful for observing children's strategies and acquired

o

understandings. For example, the last task of the experiment (sessfon 12, task 4) was presepted |
« to- the chiidren without any progrsmming restrictions (eg. use & procedure, use a
state;transparertt prc;cedure, etc.) Sllowtgg for any stretedv to be applied. This open structure

creeted a situatfon in which the'chjldren's own strategies and choices ooulld be observed.
) A - \
2. . ' ‘
¢ L ) '

I3
o " ' . - ‘.
_ OBERSERYATIONS .. .o

n LT oo
" Because each task is enetysed with respect to both the explicit and implicit programming ed

mathematieel concepts- requtred to do them the chﬂdren s behaviours in learning and using them

~ can’be more precisely enalysed The followino ts 8 summery of the proornmmtng end mathemath‘l

\
|4
<

‘ .



: famiiier with the environment and worked wi&

behaviours of the ch'i,idren observed over the twelve session per iod.
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Various programming strategies ore emphesized within the deeign of the ieernipg

environment The children's behaviours working with these stretegiee ere discuseed below.

-

oﬂnnmmmmwmm,(mmmm

" Inorder to emphtsize the 1dea of plenning 8 programming strategy, as part of the paper and

pencii octivity the childrea were elwoys osked to indioete on the diegrom where the turtle was

* going to start (S) and where and fn whal position it was going toend ( E) This 8llowed the children

to examine {he task globaiiy and to choose a strategy that would then be used for writing the
progrem ~In generei it was observed that the children. had no difficuities in meeting this

requirement (see‘for exompie s&sion 6, task 2). They would indicate their choices end then

. proceed to write the program

] was especially intereﬁting {0 observx\the chiidren 'S stretegy choice 8s they bpceme more

N i

ot\h\non -state gtd state transparent procedures

—

"For.example, st different times in the learning enviggnment the hildren were given the figure

l__ to draw. For one task the ioundation procedure was stete trensperent (oese 1)and ior'

o

another task it was non-state transperent (cese 2). A conssquence of the process difference in

\\

thess two procedure types is the different optim,pm stretegies sssociated for solving each case. The

optimum ‘strategy with ] stote-tronperent procedure is to sieri ot B end the optimum, stretegy

S with a non- stete—trensparent procedure 1$ to start at C The resuits of the children's ottempts

with respect 1o these two situations were, in case 1, all the children chose B & iheir starting

point (see session 7, task 2) and in cass 2 the children choss either A or C 8s the storting point

)

)r
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Y

[ . .
(see sssion 12, tesk 2). As A or C were never chosen as a starting point i case 1 and similarly

g o . .
B was never choseh in case 2, it suggests that the children were aware of the process logic with
respect to each procedure and able to take this into oonslderation in choosing thglr programming
strategy. . '

if) mummﬂmmﬂ_mlmxnﬂmm
- | The Iearmng environment stressed the importance of the children seeing varioag
programminq gtrategles which resulted in the samg gnd-product. lnzgeneral this was done by
verif\dn'g/togett;er the children'é programs that Ihab been written individually. ’Occasionally
different-strategies were discussed betweep the children during the ectual plannihg stage. One. .
session in particuler, session 8, had 8s one of its abjéctives to use the homework task‘to
- explicitly demonstrate L] very specif ic programming strategy. This strategy was apreparation
for the” jntroduction of the REPEAT command and involved solving the task usmg 8 continuous .
sequence of a turn with a procedure that draws a Hne (e.g. ‘RT 45 LINESO RT 45 ...). In such 8
_short perfod ( 12 sessfons) with so many.nev"v eleﬁments, it is difficult to judge the overall effect of'
the presbnce ;)f this element in the learning environment. In'deneral, the children did se;em«open
to the 1dea that there was more than one way to solve-some of the tasks.
WD AM) Observed strotegies ” -
The ster ( -ﬂ(— ) homework tesk in Session 8 wes one of the lbnfmt unstru'cture;)a!ﬁs
T~ given to the ghildren. Each c;md used a different strategy to solve the task, eg. 1) corfstruct
upper half first using 90 then 45 degree turns é) 4o all 90 daérae turns then 45 dagree‘ turns
3) construct lower haif first using & sequence of 45 degree turns (see session 8 for more
details). The observet! vorious strateoias seem to suggest'that at this particular stege fn theh
leorhing environment the chidren's strategies are defined by what they know best. (1.e. feel most

comfortable with) and by their perception of the tssk. Optimality does not appesr to bea

~
i
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. consideration at this stage ' _
Inconsistency ln strategy wes also observed. For example in Sesion 12 two cggsecuttve
tasks [F L/ )were given to te children. Although thesecond task was very similor to .
| the firs\ the only additton being 6‘45'299 line, two of the three groups used 8 new strotegy for .
wrmng the second program (see Session 12, tesks 2 and 3) Again, this seem's to suggést the
1mportance at tms stage of the chnds perceptlon of the {esk in determining their programming
stratedy vs the optimum choice. - - A

LS s -
iv)

1

" An inconsistent use of Bk gnd RI/ALT 180 FD &s the inverse of FD wes observed. Some
children use\di‘é"combln‘atlon of the two possibiiities while others were observed to use one or the
other consfstently. His got clear from these 12 sessions the reasons ydhlch_ may underlie these -
inconsistencies. What was observed however wes the choice of programming strategies which did
not necessitate the use of the inverse of & command (retracing). Inverses tended to be used in
situatiens which‘requirgad' the cgrrection of 8 programming error. The inver§e concept was
stressed however,in the environment with the ir;trodgction end writing of shtate-tr‘onspareﬁt
procedures. .
Functional Noming

Functional nami_gg in this environmgnt was viewed from twg perspgctlves,. fhe first is
giving a functional name to a procedure. This involves thé“usu_al discussion about prectical names
for a procedure. As a means qf enforcing rhis idea, functional naming was also vigwed from a
second perspective, that ’:}f 'dwodihg') o procedure riame. Tm's fnvolve§, glven & procedure nom®
(and its geometric product on the soreen), wrmng the instructions for that procedure. This
requires the children to snalyss the given name for tnformation sbout the procedure ( decoding).
The children did have difficulty (bcoding* their ﬂrst procadure neme (see 56331009 task 1).

4

: ) | 4
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However, in & second similar task given in Ses1on 10 (task 4) no dlfﬁcultm were observed

v ngmgnds end ﬂnig_( .
’ ) RN
In this lgarning environment the basic commands (FD, BK, RT, LT) were introduced in the

<

first two sessions and the s;lntax for writing a procedure in Session 4. In genepa&o difficulties

were observed with respect to working with the formality of the lenguage. In one ihstance, ln
~ - < \
addition to & set of procedures provided, o'ne‘group defined and used simple procedures 8s they \

required them (see Session 4, General Observations). The children seemed comforteble with the

~ v

actual structure and syntex of the LOGO features introduced during the twelve sessions, -7

Procedures
: . The use of prooedum from their programming perspectives i.e. internal and external

=

.components was emphesized in the envlronment The internal corﬂponént (once deﬁned 8

procdure v\'n'll always do the same_thing) was emphasized by using the same proqedore in various:
tosks os\’yell es in‘different sessions. 'A beh'aviour observed Qen m ihe Jast session with respect
to a procedure’s internal compenent was the occasional attempt to use the pr'ocedures product as
eninput, eg BK LINE60 (see Sessmon 12, task 3, group 1). This seems fo 1nd|cate 8 possible
confusion with respect to the procedure's mternal and external component The xexterinal
component (once defmacu: prowdure is used as a commend) was emphosnzed by the requrrement g
of writing programs to solve tasks for which ohe or severa! prowdur&s were used in the solution .
In the early sessions, when procedures weré introduoed 'the chitdren did have difﬁcult\'/ with the._
external component. They would deﬁne a prwedure but when asked to vemfy its product they did g

not know how to use it os L command

Program Length -
s As this lesrning environment was,fhtroduptory and'dpsigned for-9-10 year olds, program. .
length wes not an immediete issue. However, it was observed with the star tesk ( & ) of Session _
, . - o,




for future designs,

tesk 2). Each child belteyed thet thetr respective strategy resulted in 8 foster
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!

, 8 that the errors in the children’s paper and pencil work seemed 10 be-relatéd to keeping treck of

wtmt had been Grown end what needed ta be drawn. An incorrect es%umptton on their pert resulted

Lo

ina progremmtng grror. THese errors seem to suggest that the difficulty was notvreleted {othe
use of commands and procedures but rather to the length of the program required to complete the

tesit. An optimum number of instructions with respect Ato an age group may-be a factor 1o consider

3

?

The children's errors in this environment we‘re'rr‘eleted directly to the programming ond |
,'matlywemettcel requirements of a tesk. Eech task and thecptldr‘en's behaviours while attempting the

' tasks have \been carefully documented tn'Chepter 4, of ttiese errors, leterattsetton wes 2 dom1 neht

\

* one. Observed strategtes t0r oorrecttng e wrong turn inclyde -a) -using the opposite turn twice -

(RT 90—>LT 90 LT 90) end b) conttnutng the same rotetton an eudtttonel two times (‘ﬂ 90 -

90 RT 90). A mtsoonceptton wtth respeot to rotettons end englw wes reveoted tn L] dtscusston ’

between two children about whtch one of the above descrtbed strategtes wes fester (

Al

eorrectton One child's reesonlng wes that “it looked faster”. With the etd oLsorne provocation o
‘the part of the teecher. end the chtldrert using had na gostures to tmttete the turtle, hey were sble
o come 1o an agreement that the speeds were in fact the same. Note that the ch Idren w‘er;e not.‘
" using analytical skills with respect {o the sctual-angle measures (90°+ 90 = 1 80 ;180°= 180)

* but were :bj to reeson'ond compare the two sttuations with rgspect o the equjvalence of the -

. , )
rotation (ofie quarter turn) movement. Y

, The introduo(ion of the idea of stete-trensperency hes been tnoorpprated into the tearmng\

envtronment by destgntng tasks whtch redutre its use. These tasks begtn by implicitly

\




; introducmg new &ngles (we Sesswn 7 and Session 12).

' | L ' ." ) < ‘ \ {,
| ) o ) ' ' :
N >

\

ftgures with this new procedure type {see Session 7 task 2).° The eim here-is for the children to

perience th‘edifferent programming strategy essocmted with this new procedure process which

would further be emphasized if en old strategy were attempted. In addition to emphasizing the

actuoi process oi e stete-tronsporent procedure, tasks which demonstreted the usefuliness of thts

process were also provided The tasks cho&n for this in tnis env1ronment were geometric figures

centered ebout the origin (Berfurth 1986: p. 137) This ehmmeted the need to return the turtie

bto the origin and ellowed the focus to be on the actual rotation These tesks were used for

pra

-

In children-s first ettempts el using & state—trensperent procedure for solvinge tesk all

threegroups sterted their program et the origin (Sessmn 7 task 2) The coniuswn that seemed

present was with respect to using the BK commend to return the turtle to the origin. Some

children included this extra (rédundant) step in their progrem. This was eliminated by the

following task (task 3). ,I—t was extremely-interesting to note thet much later in the study (in -

* session 12) the children, again preeented with the same ﬁgure ( L. ) but who had themselves

chasen a non-state transparent grocdure for drawing it, did not chose the origin as their starting

4

- point which wes,‘in this case, not the opt,imum chaoice. "

£y

wes emphasized throughout this st& This wes_done by requiring the children from the onset to
indicete during the paper and penci ivity the turtie’s state both at the beginning and the end of

* dach task. Determining the appropriate lengths and rotations was also simplified by the fact that

. “the children were oiweys asked to label the disgrams with this information before writing the

-

program. In general, difficulties with respect to interfacing were not cbserved. The exteption

\/‘D ‘..a\
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’ 'empheeizmg the process of ] stete trensporéht procdure by eskmg the children to re-drews

In grder 1o fecilitate the Tearning of interfacing, the turtle’s state (josition end heading) -

.

D
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was with respeét fo o s1tuut10n in which the \nterfoce mvolved ) prooedure which began with o |
turn This sﬂuetlon requires that the beginning turn be teken into ecoqunt in the calculation-of the .
rotation for the nterfacey( see Session 10, task S). m\

Modularity

%
In this environment, the concept of mpdularity is first introduced es & rigid transformation

" of & procedure’s produét. The products used were. open geqmétrie shapes. They were EL2040 (r—)
EL4(')20‘( r )-and EL1030(77) (see Session 9 and iO). The use~of very si’r;\llar procedures was
intentional so that' 1) the children would have to focus on the prooess of the procedure and 2) the
possible ex1stence of any algorithms would be sabotaged Mampulatives reprwentmg each of thase
procedures were constructed, labellexi and used &5 algs for solving the related tasks. A built-in
hiererchy in the series of tasks dembnstrated both sim;;\le {ransformations and qombined
transformations requi;r’mg interfecing. | - '
in general, the children were able.to solve the tasks which used the EL2040 and EL4020
procedures. What was observed wes the impor-tence of the role of the manipuletive in soiving the
tasks. lThe chfldren frequently referred o them in the planning andrevising Qtages.' The observed
problem area with respect to these types of ectivities was when the children had to interface o

particular procedure, which began with a turn, with itself (EL1030) ( see interfecing above).
The REPEAT command |

As a main objective of this lesrning env ihronment wes to creste 8 LOOO learning environment
approprlate for 9-10 year old chﬂdren the REPEAT command was treated from 8 different point of
view. The spproach was to buﬂd-up to the REPRAT cbmmand (1 e. encountering progromming
situations which loaned themselves to the repeat process) as opposed to presenting the repeat'

" process and then dissecting its profuct. The reasonind behind tﬁis approech wes to emphaesize the

4
understanding of the process and avoid the possiblity of the memorization of 8 command syntax /or

' /
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. which the as:wpieted process wes not understood. A detailed dwcr‘iption of how this wes done &s-

4 ‘well &s the children's behaviours can be found in Session )1 under the heading ‘Introducing the -
b - REPEAT Command'. |
MATHEMATICAL BEHAVIOURS ' RN

. This wctlon reviews the mathemaucal behaviours of the chﬂdren observed in the learmng

y
!

envirnonment. Each concept is revlewed under a seperate heading. . N

‘ timat jstance an

4

An implicit requiremenf of the early tasks was the extimation of distafffe and length nrid the

calculation of total distance With respect to the estimatian of dis\ance and length two sirategis

were observed. These were 1) incrementing, the second estimation by one half of the velue of the’

i

first (e.g. FD 30 , FD 15) and 2) following a first estimation using increments or decrements of *

- { .
b 10- (e.g. FD 100 BK 10 Bk 10) (see Session 3, 'Estimation’). Both these strategies seem to

t

suggest @ certain awareness of relative proportion. Despite the possible scale implied by the use

\ ‘ “of squared paper for the representation of the tasks, in general & visuel epproach to estimation

N

’rather than an 6nalytiqel appromh was observed. Estimation skills appeared to have impr-oved -

over ttme if one used the dechmng number of requnred estimates to reach e desired point as an

indicator (we Semion 1, tesk 2) -

: ltm_QonmLoL[mmlmm C ~ 7\ _
. The conéépt of total* difftance was introduced into the environment through a tescher

. l i

intervention asking how far the turtle had done between two points. The children were able on
© their own to ‘defing total dlstahce 8s 'thie'sum of the individual distances whicn they had used to get

- . from one point to the other. .Totel dlstance- S, of inputs. (seeSess1m1 task 2)..

:
'X : .
. .
1 + - '
« s ‘ i
- . - * e e -

. e
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respect to fts whole,” -« o ‘

¢

With respect to the geometric. tesks given in the environment the chiidren did show evicbnoe

“of the oonservetion of the implicit proportions the ionoeet meosurement was given to the longest

Hne. and the shortest meesur‘gment was diven to.the shortest line. The resuitinq mioned

A

. meosurements were not always in the precise proportion implied by the squered peper in & task
which involved 8 dispiacement factor on the seme line (see Session 4 task 4) the children ogain

" were observed conserving the relative proportion (1/3 to 2/3) of a saction of the line with
- ‘ . N

o ) - '
. K

in o later session of the study es & result of 8 different interpretation of a tesk's structure;
an interesting situation was gbserved with respect to proportionality. in the star tesk (’3'&7). one

chiid had assigned two line segments to be of length 25 and all of the others to be of lenoth 50. In

- “response to the suggestion that he could use LINESO, the child agreed and made two line segments to

be of length SO and the“others of length 100. One might conclude from this thet the child's
peroeption‘of the structure of the tas’i; had not changed and at the same time he was very cepebie of
preserving'endceiggie_ting original p'ropo“rtio,n (Session 8, Homewqu tesk).

The ooneept of displacement is with reepect too displeoement of the turtle. A situstion
which requires this kind of dispieoement {5 one 1n which the turtle must cross below the x-axis.in

order to be in the correct position to draw aprodut. in this kind of situation the value essioned to

- the dispiacement factor (AB) must be proportionei to the desired product (AC). See fiqure beiow

L

T~ . Pap.206
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“ todrew the product (AC = AB + BC).

v calculations of symmetry. The task was

'hunéwork four correctly preserved the element of symmetry.

moved over the same vertical distance twice; once. to position it correctly (BA) and a second time "

/

The children were able to program 8 successfull’ solution. All three groups were abie to N

position the turtle in a correct state before interfacing it with the procedﬁre. Two of the three -

" Pap 207"

' The'displwament factor con olso be viewed as a pegative component since the turtle needs to be: -

S

groups aétuany.used thé intended 1:3 proportion while. the other grbup assigned o slightly less . -

”a:curate 40:70 proportion. It was interesting to observe that the displacement factor did not seem

todisturb the children in any obvious manner (sée Sémion 4, tésk 4),

sSymmetry
In Session S @ homework task was glven wmch implicitly requirad the use of analytical

*,‘."DA b/‘

) Iy

: whére the liné segments (b) were all of equél fength-and the distance between the line segments

'symmetrically pleced about the vertical line. (For more details on the tesk requirements pleose

" refér to Sesfon S, Homework task ) Two strategies were observed with respect to the calculatton

of the symmetry requiremems These were 1) step- by—step which involved moving tﬁe turtle

‘ along-the horizontal line section by section (b,a.a,b) and 2) composite, which oombined the two
distances (a,8) into one move resulting in (b,20,b). Of the five children who attempted the

<

One. importent faitor which was observed in this lesrning énvimhmen'i wos chﬂd}en‘s

. \ A . ‘ ‘
’ . N 4 ! b

v' e - ‘ M 4

" (8) were.of equal length. A successful solution for the task requirés that the horizontal lines be "



____

a _erithmetic errors. Colculahon errors were observed in various situations For example, in
/ . Seeslon 1 when the children were calculating the total chslanoe errors such es 90 '+ 90« 190 ]
. c and 90 + 90 = 170 were observed Anolher oolculatleh problem was observed in{session 7 when-,

.A.s—“{

the cmldren were trying to determlne what one half’ of ninety wes. Responsss h 83 “No half,

9 _ cause it's an odd number ceuse rt won't come out ven” end “There isn' equs? helf” wce ST
- . . : \ , . -~ 0 - !
i / . observed. . - SN S » a \

) / ' " Arithmetic errorsv are an imporienl faclor to teke into oonsiderallon 'hen‘ snelysing | \
| ‘ chlldren s behevwours wlth respect to an understandmg of mathemetlcal concepts sinoe what might |

appear to be & lack in the understedmg of 8 oohoepl mey in fact scluslly be an arithmetic: error /

A,

- Furthermore it is importent to note that erlthmetlc can be a l\mltlng feclor on ihe lmpllclt

! mathematicsof a tesk. - P P ) ] / -
o Fraetlgrls L B . g ‘ > /
| Children'sa behaviours wilh respect to tbe oorloept of fraction were observed in two separete /
( situations. The first encounter wes in 8 sl:tuatlon in wbloh the children were trying to 3@1«({ &

‘one helf of ninety (Session 7, task 3). The idea that orie half of someting resulted in two equal N

€

perts appeared to’be' quite sound. However, in a situation similar to the one which. provoked the

-

concept of one half, the concept of one third as dividing something into three equal parts did not

¢ . emeroe (Session 12, task 4). It is not_reeﬁ;l eleér whether the notion of one third wes present or
e - nog. Perhaps it is something which shoulcl be oonsidered!in future research. :
g , - i) Rotations and Degrees

e N in this 'lee,rnlng en\‘rlronmerit anoles were examined in terms of turtle rotatlo_ns.
The terminology used was with r&spect' to how much the turtle was to be turned rather -

- thenst what engle one wantéd the turtle tomake. Inthe seoor:d session when the children
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—”

¢ : !
N " Were asked what they too[mt mnety meent in the, command RT 90 the responses were "8

o

number*, "steps” and “turtle steps”. For the remainder of the study the Idea of vlewing "

7

" was that the term."degrees’ was never mentioned.

f

' i) Angles other then 9o ) .
In eddition to the use of*90 8s on engle input other observed 1nputs include 180 2}70 and
. : \after the task which p,lovoked 45, 45 wes also used. No other angle inputs (i.e. inouts
| - . N

L thet were not multiples of 45) were observedin the study untl] the 14st session jrwhich

rotetions with respect 10 degrees was left up to the initiative of the chlldren The result

_otesk which was aimed ot provoking 30 resulted in angle inputs wmch were less than 45

——

e (session 12, task 4)

R Observed uss of angles

Eerly uses of angles observed include: 1) correction of laterelieetion errors such. es RT' .

90 with LT 90, LT 90-8nd RT 45 with LT 45 LT 45 end 2) using RT ?0 twice to turn the

- turtle through 180 degrees. The additive property of enples was not :diseovered hby’ell the

— children nor was it conslstently, used. With respect to this prcrpert}/l the rollowing
behawoure were observed: 1) correction of later?)isetion errors by doubling the rotetion

inthe opposite direction e.g. LT 90 corrected with RT 180 2) combining mu]tiples of 90

degree turns e.g. lrrputs such as 180, 270 3) combining 90 degree turns with 45 degree

furns e.g. RT 135.
iv) E‘phasls on angl‘e in the environment

N Stete transperent proeedur&s were used as 8 means of focuslng on the turtle s rotation.
: The observatlons from the Jast task of the study seem to suggest that the children were. .
awars thet the rotation (heeding) of the {urtle determined the posttion of the line (see
. Session 12, task 4). - '
R 4—"’ i * “

: \
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DY - ’
Tasks which required the rigid transformations of simpls open geometr ic figures were given
" in-sessions 9 and 10. In the cases of simplé procedure processes (e two lines joined ot 90 -

degree angle) the children were able.to solve thess t&sks with the aid of both the concrete

manipulatives rgepresentiing the procedures and the visual feedback from the computer (see
~ Sesston 9, tasks 2,3,4,5 land Sessfon 10, 18sks 2,3). in the case of & sl‘ightly more combqu
procedure process (e.0. an opening turn.followed by t\;vo lins joined at a right anblei tis
difficult to access thechildren's understending aﬁer 8 and 9.attempts were requiredsnd even then .
ot fn a1l cases was the task solved (0@ session 10, task S). The additionsl opening turn seems to
have been the stumbling-block for the interface. | S
Concluding Remarks
\ itis intgresttng to note that althoﬁgh this ‘procedure-based learhing environment’ fs quite
t different from other L0GO learning en'vironjment‘s. it i§ nonetheless full\y dependen? on LOGO and al_l »
® .« of its Turtle Geometry features. No otherjexisting programming language could act as a\subétltute._ L
¢ NS |

4




=

Abelson, H. (1982) “Apple L0GO N.H. Byte/McOraw-Hill.
Barfurth, M. (1986) State Trenspareent and Non-State Transparent.Preeedures for Legrning.
The Mathematical Conséquer)ces and Design Origins for Each Type. Conference
Praceedings L0GO and Math, 1986 - London, England ° ' -

»;u)

. “

Bork,A. (1985) Personal Computer s for Education. Herper and Row Publisher, N.Y.

Chait, s. (1978) An Anslysis o hildren’s Rroblem Sovling in a Gra his Oriented Computer

Ermrammmg Envnrgnmeng " MA Thesis-Me8il} Unwersny | o -
« \\[ .
Clementg. D. H (1985) Researchon LOGO in educatlon Is the Turtle slow but Steady or not even
in the Race? Paper presented at L0OGO 85, MIT Cambridge MA. o .

L4

Eriwanger, S.H. ( 1985) Usmg Procedure Besed Microwor 1ds to geech Methemahcs
Unpublished Paper - Concordia Unlverslty

. - +° , ) P
v£riwanger, SH. (1985).~ aching Mathematics in o Procedure - LOGO Environment
Unpublished peper Concordla Umversnty

Erlwenger S., Hillel d\( 1984) An Exnlorgjory Stuc_tz of Children and LOGO. Unpublished

- paper - Concordia University.

- . / N
Ginsburg, H. (1981) Theclinical interview in psychological research on mathematical

thinking: eirps,rationales, techniques. For the learning of Maihematics.w\ol 1, no. 3.

-

~

Binsburg, H., Opper, 5. (1969)  Piaget's Theory of InteHectual Develoomén! - An Introduction
' . Prentic-Heall, New Jersey.

A -
- »
J ! -
£
-~ . .
e - s »
'

. . , | - page 211

T



L "‘Howe JA, M‘ ( 1978) Deve!op_mental Stgg_g in Learning to Prggram DAI Research Paper No. -

Page -212

i s _~Hme1 d (1985) gthemgtm} and Prggrgmmlng Congg §QQ ggnxghﬂgrgn, Aged 8-9, m
S Rgtrlcted LOGO Env:ronment Unpubhshed paper Concordia’ Umversity

Bl 19 Unwers1ty of Edmburgh

Howe,d.A”.f"l.ﬁ0‘§hea,rT.,Pléne,F.‘( 1980) Teachiing Mathematics Throu Programmi
‘ "‘ An gxalugtion Study. DAI Research Paper No. 115 Un!versity-of Edinburgh. ‘ °
Hoyles élnl(1‘98‘6)-c H.,R. Noss andR. Sutherlend ( Eds) - Proceedings of the 2ng

‘ mmmm_emﬁm_aummwm Londonlnsmute of . -
Educa\tlon London 1986. -

Kantowski, M.G. (1979) In R.B. Davis, T.A. Romberg, S. Rachljn & M.G. Kantowski (Eds), An
Analysis of Mathematics Education on the Union of Soviet Socialist Republics. Columbus,
OH : ERIC/SMEAC. ‘

-

~ Lavoi, M. (1985) An Exploritory LOGO study with Fourth Grade Stddgnts. Unpublished
paper-Concordia University.

Leron, U. (1985) Some Thoughts in LOGO 85. LOGO 85, Theoretical E’apers,‘MIT Camﬁridge,
. . a ' ‘ ‘ | .' ?
Moursand, D.  “LOGO Frightens Me". The Computing Teacher. Yol 11.no. S, 1984
Noss, Richard (1985)  Creating a Methematical Erivironment Through Prmrgm'ming- A Study of
. mm]}gmmmm_m University of London (nstitute of Education. '

Noss, Richard (1984)  Children Learmng L0GO Prgrammmg Interim Report No. 2 of the -

Chiltern LOGO Pro;eci
Papert, S (1980)- ' Mindstorms - Children, Computer's, end Powerfyl igéas. Besic Books, K.Y,

Ve \ . c. s
\



e

. .. Page 213

. . .
avp

Pepert S.,Watt, D., etal (1980) £inal "Renortof theBrooklme Project”. Pert 3. ;A.I.ltler'nc '
No. 54, MiT. o ( e

Papert, S. ( 1985) nggute; Criticism vs. Technooenlrlc Thmking LOOO 85 Theoretncal
Pepers M 1 T ‘

4N

~

. ] ] - ) T
Pea,R.D.,Kurland, D.M. (1984) On the Cognitive Effect earning Computers Programming:
ACriticel Look. (Technical Reprot No. 9) New York: Center for Children and
Technalogy, Bonh Street College. T v

)

Plaoel J. (1969).. Sclenee of Educallon and the Psychology of the Ghlld Grosman Publishers

' _Viking Press. o . e ‘(
Ross, P., Howe, J. (1982) The Desxgn of Edmburgh LOOO DAl'Reseerch Paper No ls Umvers1ty _ ,
of Edmburgh L / , : , Lo
- ] L , o o
solomon, C. (1 975) Comments.and Advuce on lnlroducmg Kids’ to Turlles and LOGO" LOGO
Workmg Paper 42, MA.T...

Solomon, C. (1976) ° rgblgm—Solvmgm an Anlhrogomornhlc Computer Culture Boston

University, Master's Thesis. ' . .

Y

.
!

‘ Solomon, C. (1978) TeechngoungChlldren to Program ina LOGO TurtleComputer Culture
ACl‘l SIGBUE Bulletin (July 1978). o _ Lo

P T Ny



. o v .
R . - - . :
3 - > - '
. -
. - .
- 3 . -
-
. - . t
~ - .
I .
P - { :
. Ld
. .
R
i " < R N ¥ - .~
- > - ' - -
R - .
. - -~ . -
w . -
‘ = .
N . - i
- 1 . . -
+ ~ J - N . ) 1 e
-
- A ' .
- . . - N -
. . . a
. + .
. . -0

R . ’
. ) N 1 gL "
. ¢ -
- - ’ .
. ) ’ " N -
P .
. -
P ) s - ) L > )
x ’ :
© - B —
o - R . N 4 ~
. v . - .
2 - ,
E - - ® -
. » - o . ] N - -
: - o b ’ ’ o
. A 4 )
+ - e
. .
- 2
-~ < 3 \’i
- \h\\l -~ Y
. \ . / . < Tef 2
. L . . A P / - « o
f : c0
1 . 7
.
-
- . * -
- P
. N R
- - - -y e e .
- ‘ - * - -
) . . _ . .
- - - ’ ~
z * [ ]
- N . ) - *
. 4 . L
s 2 N '
. -
’ * -
, .
f . B N
- > *
~ N »_ S ’ B - . .
- @ » .
. . e i N .
. . . B
- . M
° &
. - . . 4
- “» - LI
. . S
N - -
v . .
o r B
N N oL v ‘
. * MA‘ .
. s L -
. ¢ -
—— M »
- . ‘e .
4 e
~ - - i -
" -
. -
. . .

ot

. . x5 ’
SN
. "
f
*
3
L=
-
. .
P \
-
be M »
-
.
PEENEN
. . -
. .
-
. .
@
B
12
~ 4 -
s
. .

. . .
. - -
.
. X :
.
-
. .
- -
o a
.
. . N .\
5 ’ o -
“
R R 1 "
PRI t .
. ~
.
s .
~
. L4 N
, A
.
:
’ - 1
.
R ..
.
:» *
- 7 -
. IR
~._fu



A : 3 | Poap 216
B. "Attendence record. .

-

- .

. R . ' 4 b
~ / /,‘ N D g / SN . o ’
. ) : , o . N '

WL eRnt R

' “Jenntfer  Benny ' Greg - Robert = d\asorif Orace -

1 ".Seésion\l Y4 B

/
v/

———

<
<

Session 2

p u‘ . 2

1

!

Session 3

AY

/
/

: |Session 4

Sesston 5

Session 6

‘Isession \ 7

-

e ™Y

.

Session 8 '

&

RN RN S NG RN N I NG BN BN
AN N N R I IR N AN

Session 9

-+

Sgssion 10 .

¥
-fSession 11

N RN U RN N RN RN

/

/

J
T
—
/7
/

v

VRN RN RN RN RN RN RN R R

SN NS

Session 12

ENEN




PRt I B
- - ,
—y \ ;
)
\ 4 .
- + ~
. .
T i . Py
N . N \ ~
. . Page 217
~ ’
o . B
- -
- o 7 - £ Ll -
- -
1 ~ R . .
. . -
A r
4
L4
N -
« N - 3 .
Al 3 v - v
b €
/ Nn\ ' !
Q .
’ ’ o
' - APPENDIX IT . P
, . K
0 B
. ) » .
A e
- Y < \ ¢
1 - :

*

?
‘

Tm{appendix contains samples of the learning materials andidibble

files used in the study. The complete st of each of these is_available ."
upon request directly from the author- .
. - . .
: ¢ -~ -
s I
- * .
< / .
3 ‘ ! .
Q.\" - . ' e ° ’ 1
4‘:’ .. -
© "! .
' e
, b . “‘: a‘ . - Y
o ’ ‘ .
$ . L
. ‘ £ ,

.



[

"vv?iidqiiiiii{iiiidd

-

1

A.  Seinple poge,fl;qm o workbook - Sessibn 9, Group ‘= ' . '

{

{

{

Sddd LTI

i

l

~

.Qﬂkg§umm:ﬁ%uQ

’

SU 7
(T 40 .
fLaovre

~

O %’ aacio w sred

g

Lo st o e =

e 'Page 218

ol

lk\r»‘lW

%Q&Jﬁmmtbmw&

- . R g
- ME%A_ 0
VJ jEL.lg.“/d
U R A B R
~fLIo%o ... _ ... ) s - —
o LTEY e - L R B,
CEL204%0. . o o e

b N |

¥
e,
BELT




‘
\

A
‘ ! -“
~ AY >
o
.
.
.-
'
L ;
’ /
1
.
.
[
.y
-
,
\
.
Rl
| )
N
,
.
y
R
’
N

" 3
.
. .- ¢
A -
N 1
.
. ,
A N -
. .
>
L
..
N
1
.
.
.
. S
- "
3
-
\
4
.

Lo Pege 219
J' ‘«\ « .
. . . o -
o i - ) :
. Y . - o c - - .
Woskshes) - Whwe s, n
N . . €
. 1 : _‘ 3 I
. - ' +0 1T .
it} \ Co '
) ) .
o |ppBEso - |
4o /7 - ) N T
y - +
VA - " \..' - ‘ o _—
i ) . * -t MI‘ ’ 4
N . G\O \ .
B}‘ * 7 < . . "‘
- - 1 PD_FD kO
/ i : ) N . N
| & , ‘
‘ | .
~ - '
L) ’ + I,‘
N8 ' ‘
' » - _)') ’ “ »
o s 3
ﬁ\ , “‘ ) ¢ ’ -
) A} :



.

!

~

[

e
DINTINWHUJTUH
W S

. ~ -

1

?
, N/
? L -
? -

r?LlNESO ‘
. 1DON‘T KNCN HW T0 LINESO
?CSs h

78T -

_ PLINESO |,

1 .DON'T KNOW MOW TO LINESO
?TO LINESO

>PD FD 50

SPU BK SO _ . L
YENMD - ' .o, i
LINESO DEFINED

PLINE2S |

.1 DON‘T- KNOW How T0 l.ml-:zs
- 7LINESO , °
WY 90 .
PLINESO- - - LT

RT 90, ° .« 5

TPLINESO .
“7LT 180 .
NT 43 . o R
FLINE 30 <, "
1 DON’T KNOW HOW TO LINE °
PLINESO

"IRT

T .

* PLINES0 L

?LT 180 . ° o

AT 45 -
" PLINESO -

+

* ?RT 180 - ~ e

PLINESO -

N

v

".?RT 180 L]

a

" PRT 90
PLINESD .
PHT S
,?cs ¢ N ’ ,
"PLINESOD . NS
28T B - © L
7RT 43 ) '
?LINESD : :

PRT 45 -

" PLINESO . .

?RT 45 . LA L3
PLINESD
7RT 43
?PCINESD
?RT 45

* PLINESO
PRT 4% S
PLINESO R
7RT. 43 .o .

2LINTO EL2040 - " - ° "

PD FD 20
RT 90 .
PD FD 40,\ ‘

END | ' . N

o #

FIRSEN

b
\
.
.
'
P
\
3
.
-
’
., N
)
L]
\
f
'
<, ,
i
>
k3 *
'
-
’
s
\
f
-
.
P
-
~
-
[
‘Y
¥
IS
1
.
.
. ~t
e
.
. -
- '.
L,
.
.
N
-
1
1
L}
.
1
P
*r
»
s
¢
i,
N2
.
.






