DOCUMENT RESUME - o .

- ED 260 800 : . ‘ PS 015 267
- :
- AUTHOR . " Cuneo, Diane O. .
TITLE Young Children ahd Turtle Graphics Programming:. .
S Understanding Turtle Commands .
PUR DATE Apr 85.
NQTE 23p.; Paper presented at the Bxemual Meeting of the

"Society for, Research in ‘child Development (Toronto,
¢ Ontario; Canada, April 25-28,-1985).

PYB TYPE , Reports - Research/Technical (143) --
' - Speeches/Conference Papers (150)
\
EDRS PRICE | < MFO1/PCO1 Plus Postage. S
DESCRIPTORS Age Diffe-ences; *Comprehensxou\\garly Childhood
! | Education; *chrocomputers' *Perspective Taking;
*Program1ng Languages; *Spatial Ab1lfty *Young
o . Children )
/ IDENT IFIERS *LOGO Programxng Language; Piagetian Theory, Rule
/ ) Appl1cat10n
ABSTRACT

The LOGO programing language developed for children
includes a set of primitive graphics commands that control the
displacement and rotation of 2 dxsplay screen’ cursor called a turtle.
The purpose of this study was to examine 4- to 7—year~6ld
understanding of single turtle commands as transformations that
connect turtle states and to character1ze the nature of their
mi sunderstanding. Children were introduced to a highly simplified
turtle graphlcs environment that\included four possible turtle.
orientations and four legal commands. Children were then shown events
consisting 4f an initial turtle state, a command transformation, and _
the resulting turtle state: They were asked to indicate the
key/command involved in each event., Most children systematically
mi sunderstood the commands. Younger ones associated each of the four
commands with dxsplacement in a paut1cu1ar direction and rotation to
a partxcular orientation. Overall, most Children performed much as
Piaget's theory predicts. When the turtle rotated, they tended to
focus on features of the final turtle state, ignoring both initial
state and transfprmation information. When the turtle changed '

. location, children seemed to attend to the transforhmation itself.
Younger ones, however, tended to define the displacement from their
own or the d:Splaj streen's frame of reference rather than from the
turtle's frame of reference. (Author/RH) .

>

, . - D .
Rk dkkhekkhhkhkhkkhhhkhhkhhhhhhhhkhkhhhhhhhhhhhhhhkkhkhhhhhdkhhkhhhhhkkkkhhkkk

* Reproductions supplied by EDRS are the best that can be made  *
*

from the original document. L
***********************************************************************/




S
-

ED266800

-

. Meeting of the Society for Research ir Child Development
Toronto, Canada, April 1985

.

‘ us. nirﬁmm OF EDUCATION -
* NATIONAL INSTITUTE OF SDUCATION
’ EDUCATIONAL RESOURCES INFORMATION
’ «  CENTER (ERIC)
.~ M{This document has been raprocuced 3a
7 . 7 receved from the person of ofganuston i .
' orQinatag 1t . ~
O\ Minotchanges have been made to improve .
reproduction quanty.

® Points of view bt opinions statod in thre docu-
ment da not necessarly represent official NI
- POBAON OF POICY. o

¢

Young‘Children,ahd Turtle Graphids Programming:
Understanding Turtle Commands

Diane G. Cuneo o .

University of Massachussétts, Amherst

N

“ : “PERMISSION TO REPRODUCE THIS
_ MATERIAL HAS BEEN GRANTED BY

B\Q\’\QO . Qnmeo

~ .

TO.-THE EDUCATIONAL RESOURCES
. INFORMRTION CENTER (ERIC)." .

~

g . . <
Author's address: Cognitive Deve]obment Project, Department of Physics,

*University'of Massacthussetts, Amherst, MA 01003

. -

PS 015267



' Abstract
I Programming languages developed for children (e.g., LOGO) include a set
of primitive graph1cs commands that control the displacement and rotation of a
d1sp1ay screen,cursor called 2 turtle The purpose of this_study was to
examine 4- to 7-year-olds' understanding of single turtle commands as trans-

formations that connect turtle statés,,and to characterize the nature of their

misunderstanding. ,

Children were 1ntroduced to a highly simp]1f1ed turtle graphics envir-
onment. There’ were four poss1b1e turtle or1entat1ons, 0-, 90-, 180-, and .
270-degrees, and four legal commands, FORKARD (F), BACK (8), RIGHT (R), and .
LEFT (L) Followfng the introduction, children weré shown events conc1st1ng '
“of an initial turtle state, a command transformatlon, and the resulting turtle
state. They were asked to indicate the key/command 1nvo]ved in each event.

Most children systematical]y misunderstood the commands. Younger ones
assoc1ated each of the four ccmmands with displacement in.a particular direc-

tion and rotation to a part1cu]ar or1entat1on. If the turtle moved ipa0-

- degree direction or rotated to a O-degree or1entat1on, they thought that F had

been executed; if the.turt]e moved in a 90-degree diraction or rotated‘to 90~
degree orientatign,'they thought that R héd been execufed; and so forth.
Oldgp children understood thai only F and B displaced ;he turtle but, ?3ke -
younger chi]dren, thought that each of the four commands rotated it.

~ Overall, most children'pqnformed much as Piaget;s theory predicts. When
the turtle rotated, they tended to focus on features of the final turtle state
(i.e., fina]iorientation), ignoring Poth’initia] séate and transformation

AN . .
information. When the turtle thanged location, children seemed to attend to

the transformation itself. Younger ones, h&ﬁever,,tended to define the

displacement from their oun or the display screen's frame of reference rather

thantfrbm we turtle's framelof reference.



YOUNG bHILDREN AND TURTLE GRAPHICS PROGRAMMING: L N
UNDERSTANDING TURTLE COMMANDS
‘Turti graphics programming is a popular vehicle for introducing
children t compu?e} programming. Children cpmbine simple graphics commands

to get’a didplay screen cursor called a turtle (see Figure 1) to draw designs

“on the disp1§y screen. Even preschool-aged children jump right into creating

their own turtle designs. Researchers and educators alike assume that chil-.

d}en’g instant &;é of turtle commands reflects relatively instgnt.under-
standing of~command_definitioné. ’However,—this assumption jgﬁopen to question
in the_case of preschool: and early schooT-gged chilﬂren. The literature on
Sarly cognitive development suggests limitations of youné chiidren's think%ng '
that should make it difficult if SBt impossible -for them to understand the

basic turtle commands. . -

Understanding Turtle Comnandslf .

The four bas1e turtle commands are FORWARD (F), BACK (B), RIGHT (R), and
LEFT (L), and are iilustrated in Figure 2. F (e.g., F 50) moves the turtle a
spec1f1ed number of units 1n the direction it is pointing, and B moves 1t in
the oppos1te d1rect1on. R (e.g., R 90) rotates the turtle a specified number |
of units to its right (i.e., clockwise), and L rotates it to its left (i.e.

~ | ~ .

ant1clockw1se) 1‘

, The basic commands seem so:simple and easy to.learn. However, Gregg
(4978)'found that 4- and 5~year-olds had great difficu]ty us1ng these commands
to contro] the movement of a“éomputer-control]ed robot turtle. " Indeead, at
least. some ability to relate states and transformations and some amoun% of
Spatiaﬁ perspective-takiqg-skil] wogld séem to be prerequisites for entry into
turtle graphics programmi%g.

Relating.states and transformatiows. At its most basic level, turtle

graphics is a sysitem of transformafions. The stétes_are defined by the
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orientation and location of the turtle. .The transformations are’ the commands

.that resdlt in éhange§ in state. F and B chanoe location, in reciprocal

ways, and leave orientation 1nvar1ant. R and L change orientatxén, in 7’

reciprocal ways and leave orientation 1nvar1ant A basic ability to relate

'states and transformat1ons }s thus central “to Understanding how the’'turtle.

"works". - : '

Spatial perspective-taking. Turtle commands are defined retative to

the %urtle's perspective. For example, F d1sp1aces it in the direction it is
pofnting; and R rotates it to its right. Children must understand that the
commands are‘defjned relative to the turtle’s intrinsigc frame, and not to
their own egocentric.frame nor an enfggnallframe (e.g.: the.disp}ay ecFéen).
They must also be able*toNadopt the‘tnntle's perspective and maintain it
through:imagined execution of a comnand or sequenoe of cohmands.

Young Children's Th1nk1ng ’ R ‘ .

Do young children have the prerequisite ab1l1t1es for understanding the

®

basic turtle commands? According to P1aget s view of young children's think-~

ing, they do not. First, accordlng to P1aget s theory, ch11dren youngér than .

about 6 or 7 years of age cannot re]ate states and tnansformations and,,
instead, are primavily state~or1ented. "For example, they fail to conserve.a
variety of different quantities across quantity-irrelevant transformations;

th1nk1ng. for example, that pour1ng the liquid contents of a glass intoa

tal]er, thinner glass 1ncreases 11qu1d amount (e.g., Piaget, 1952).~

According to the theory, young children fail to conserve quantity in part

» -

\becauso they do not understand that successive states (e.g., Tiquid in the

standard glass and ;hat in the taller, thinner glass) are linked'by 2
tfansformation (e.g., pouring). Similariy, in tasks of causal reasoning
{(e.g., PRiaget 1930, 1974), young children attribute nonphysica! causes (e.g.,
wishes, feelings)‘to physical evente (e:g.,;fge cyc}e,of the moon).. This s

. s . L : !
O T
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said to- reflect their lack of concerr abou't the speciﬁc nature of a
transformtion that might connect cause a;d effect. 3

-

Similarly, according to Piaget's theory, spatial pérspective-taking
does not occur before about 6 or 7 years of age (e. g., P1aget 3 Inhelder, *
&
195%’) ~The young pm_'ld is char_‘actenzed as qgocentrm and»"rooted in his own

h ) M " L
o viewpoint in f;re narrowest and most restricted fashion, se that he "cannot

" imagine any perspective but his.own" (p. 242). For example, when aslred to

indicate how a mbdel of three mantam; Tooks .to "a doll placed at various

.
. .

pga_1t1on., around thg model-, young chﬂdren tend to choose a picture or smal}
replica that depi;:']:s their own view f'athfzr than.\doll's view.

Pi aget'sl ;:haracterization of young children as pr‘imﬁrﬂy state-oriented .
and egocen,tric': suggést/s that they will not 'uhderstand the»basic‘ turtle
conmands and, further, will; systematically misuhderstand.them. That is,”  ®
unable to understand ‘how .commands name turt]eir‘efe}'enced t"rans'format‘ions.

they may* instead thmk that they name part1cu1ar end-states, or self- or

A\

2

screenzreferenced transformatlons. More recent work in early cogmtwe
deve}opmeht‘(cf., Ge'lman & Balnarg.eon, 1983) is soméwhat move positive but
.‘makes no sp.ecific pr_edicti?ns. Jn general, recent work suggests that young -
children have the basic capacities to understand transfcsrmatior}'s and adopt
R : pers.pect'ives other than th;:ir own. Ho,wever, their abﬂ'in{y to perform such -
cognitive feats _is said to be %ragﬂe and, thus, .task specific. .
.‘Purpose' - '

«+ The purpose of this study was to examine young chﬂdren s understanding ~«

% »

. Of indivitual turtle commands as transformatwns that ,connecgz%urt f states,
and to charactemze the nature of their m1sun.derstandmg. Childran\wn\
shown dxsplay screen .events; consisting of an ~1n1t1a'l turtle state (i.ey, the
tui*t]e/,'m a part1tu!ar loca§1on and orientation), a conmand transformation

{i.e., the turtle executes a \Cﬂmmand),. and the res‘ul't‘ang turtle state (i.e.,

ERE - . - 6
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the turtle in a new location or orientation). They were asked to indicate

\

'the command ‘involved in each event. The abiMty to recognize’ when a given
command has been. éxecuted ‘seems basic to undeﬁ%tandﬁng that gommend.
Subjects . - o | .-

Thirty-two 4- and 5-year-olds (mean age 5-1) and 32 6- and 7-year-o!d°
(mean age 7-0) participateg in the study. None of trn chi]dren had pre#ious

S experience with turtle graph1cs or camputer progrannnng a]though many had

used computers to play -garies. S 1;,

' % .
»

Ch11drén were introduced to a high]y simplified turt]e graphics envi-

Intr8auct10n to Turtle Graphjcs

ronment. There were four possible orientations, 0-, S0-, 180-, and 270-
v~  degrees {see Figure 3), andlfou} legal comnends, F, B, R, and L. Commands '
required a single key press and did not take arguments. F and B noved the
*turtle a fixed distance forward ann back, respectfve]y, and R and L,rotated
it 90-degrék§\glockwise and ag}i—cloqkwise; respectively. The introduction
‘was brief but thorough, and included demonstration gnd exp]enétion of each
» command beginning in each orientation. AN children said *hat they under-
stood "how the tuvt]e wo.rked.== " | :

Experimental Task o~ ~ .

.
o,

) N - N\ i T - . "':‘ . "
* - Children saw 16 state»command-state events constricted from‘a 4 x 4,

T

“h; begin orientation X command. factorial design. On eacK trial, twd turtles, B

) one red and the other green, appeared on the screen 1n 1dent1ca1 orientations

+

(see the top panel of Figure 4)._ The red turtle executed a command and then

differed from the green one in either location or orientation (see the middle

»and bottom" panelsdof Figure 4) Children were asked to indicate the command
they would give and the key they would press tc make the green turtle copy

* the red one. There was no screen feedback (1-3%’ the green turtle did net

-

- “
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.execute the given commiand). . T

. ~
Ch11dren conp]eted two replacat1ons of the complete de§1gn, -Events . . .
Ywere randomly ordered separately for each ch11d and edch repLicatwon. - N

. ‘: o “ . Results- ' . < s

4 "’ “A “h N ) * .
Correct Pérformance o o .
/ . 4 - " N

Table.} shows percent correct performance by age group and trial (1 é.,

event) type.. Turn trials*involved execution of R or L, and mgve tr1a)s

A

Jnvolved execut1on of F or B. As shown in Table 1, older chi’dren performed

N <

better than younger ones and, for both groups, . performance was better on move

* trials than on turn trials. Overall, children were not very accurate at

Correct performance by begin“or1entat1on is not shown 1n Table’ 1 but

. )

naming ‘tommand execut1ons; espec1a11y execut1ons of R and L.' b};* o \

. deserves br:ef mention. For .both age groups and both tr1al types, perfor- \

nwnce was better on O-degree beg1n or1entat1on tr1als tnan on nonzerondegree

trials yh1ch, in turn, did not differ from each other. . :, ) ’

N A . . ~

Rule Classification ' ) e o]

* Individual children's respoﬁse\patterns were analyzed for underlying
rules uéing an appreach similar to Siegier's (1976, 1981) rule assessment
approach ﬁﬂRules for turn’ -events are shown in F1gure 5, and rules for move
events are shown in F1gure b ‘

¢ N ~

Rules for turn events.. Children's response patterns on turn)tr1als
.‘ * )
were c13551f1ed,1nto one of four rule groups. Random (1. e., no apparent P )

rule), End-state (i.e., 1f ‘the" turtle's end—orientation 1s O-degrees, say F ™ ’

Occurred, if 90-degrees, say R occurred’ and so forth), Correct (i. e., always '

say R or L occurred), and Comb1nat1on (1 €.y comb1nation of End-state and
h‘_ ]
Correct rules). ) ' o

* x
N Rules for move events. Response patterns on move trials were class-

1f1ed into one ‘of.four simtlar rule grgups. Random, Direction (i.e., if the

-
-~ r > /
' .
.- . /
/
7
. .
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turgte moved in 0-degree direction, say F occurred, if 1n a 90-degree ddrac-

tion, say R-occurred; and so forth), Correct (i e., always say F or B-occur-\
red). and Comblnation (1, e., combinatlon of Direction and Correct rules)
Note that the End-state rule for turn events and the Direction tule for

mqve events are systematically 1ncorrect, and cons}stent with. Piaget's view

of young chtldren s cognitlve limitations. Use of the End-state rule would

/indicate that children classified turn events by the final turtle state *\\s

. (i e., or1ented 0-, 90-, 180-, “or 270~degrees) rather thar by the

.
-

. wise classifiable. These cr%terja aFlowed unam

_Rule Usage’

\
transformation.involved (i.e., rotated clockwise or anticlockwise) " Use of

‘the Direction rule would indicate that children classit/;d move events by the
dtsplacement-transformat1on involved, but that transformation was self- é??
screen-referenced (i.e.} moved upward. rrghtward, downward or leftward)
rather than turtle-referenced (i.e., moved forward or backward ). Note also

“ that the Combination rules postulate a gradual tran51tion from systemattcally

a2
‘incorrect to systemat1cally correct rule. . ) T

Classification cr1ter1a.‘ Response payterns were clas<1f1ed as

End-state (or Direction) if 14 of 16 responses (2 repl1cat1ons of. 8 events)

conformed to the pred1ct1ons of the rule, as Cornect if 14 of 16 responses

. Were correct, ‘or 15 of 16 responses conformed-to the predictions of the

.Correct rule, as Combination 1f all 16 responses were either correct or as
predicted B} tha Eno-state (or Directionl rule; L as Random if not* other-
gijjous classification of
response patterns, and kept the probabil1ty of misclassifying a true Random
as End-state (or Dlrection), Correct, or Combination low (binemial: )
probability .0000003, .0003, and 004, respective]y) 4
. o "
Tables 2 and 3 show rule usage by 4- and G-vear~olds and 6- angd

7-year—olds, respectively * In each table, children are classified by both
( v . N . * * H

Wt
}\\

4
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"~ turn rule and move rule used.. " . oo ?()5 \
L . \ s - . ‘
R ' B “ *Rules for.turn ewents.- As shown 1n the 1ast column of Tab]e 2 dbout

PAYE S I

oo
one-thfrd oiﬁthe youngei chi]dren reSponded*randomly, and about two-thirds

@ T~

‘; 1 used the End~st§té\fu1e. As ‘shown in tnetiastscolumn of Tab]eﬁs, one-half of

\‘ . the oldér children;used the End-state ru{e, and aboul one-half used the - _" N "i; )
- COrrect rule, There abpears to 'bé e‘deuelopmental progressioﬁ from Ran “to . -

; ' End-state to CorrectLgyue. Although :t seemed reasonable to expect a gradual '

transxtion from End-state to gorrect rule, th}neywas 11tt1gﬂevidence for the

. Comb1nat1on rule. N,

-~ >
N . M x = M
- 'Q\\; ~ . - v
'+ . L.
.

} : " Rules for move ebents. As shown aﬁéthe bottom row of Table 2,, about

|
one “third ‘of the youn r chldren usednthe Dtrectlon ru]ey about one-third the

» L)

Combination rule, and’about one~th1rd the Correct rule. As snown in the
bottom row of ‘Table 3,}about oneéthard of the alder children used the : : . :

D1rect1on rule, and about two-thirds the Corpect rule. These data suggest a

y

progression from D1rection to Combwnatxon to cOrrect rute. -
The rule c]ass1f1cat1on data rapture the-trends present in the’ accuracy

" data (1 e., main effects of’ age and trial type) and furtherbtcapture and

0

character17e the systematic nature cf children's errors. - L A

i

& Jornt.rules. The End;state/D1rectfon.;End-state/cqmb1nat1on\and,\ -
,) ‘ End-state/”orrect cells i Table 2 account for 91 percent of the younger A
ch11dren&using systemat1c turn and mbve ru]es, and 83 percent of the total vy
. group. The End-state/Direction, End~state/Correcte and Correct/Correct cells | .

h )
turn and move rules, and 94 percent of the total group These cells forfh a
£ e .
‘progression otxievels of overall command understanding, as 1nd1cated in
] / )

- . in- Table 3 accoﬁntsfor 100 percent of the older children using systematic

. e Tables 2'and 3 and illustrated in F1gure 7

\ - D

Level’1 descrjbes children who used~the End-state rule for turn events '

and the D1rectfon.ru1e for move\events (7 younger and 7 older chlldren) As
4

. L]
- .

. .I(j .
‘ >
I N . N . >
A Fuiext provid ic
Lo
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shovm 1n’~ F1gure 7, these: chﬂdreh ast ociated each command name with‘a part— '

z

icular rotation end-state and & partwu]a? disp‘lacement direction, What they

[

did not do was dssociate R and L with turn events oniy, and F and B with move '
. Y '
“avents on]y. ' T o

Level 2 describes chi ldren Yho used t:.he End-state rule for turn events
and the COmbinatwn rule for move events (5 younger children;. Téese éhﬂd- |
ren sometimes classified move events by displatement direciion and sometimes
by "turtle direction (1. e, forward or _backward movement). This level ) -

captures the transition from the Direction to ihe, Correct rulz for move ¢

events, —

SR *

¥

Level 3 describes children who used the End-state rule for turn events TN
] and the Correc’{: ru"}e 67 iove events (8 younger and 9 olde: children). L] ke, !
+  children .at Levels 1 and‘? ‘these chﬂdren asgoclated F, B, R, and L with

t

. part1cuér ?otatmn events. However‘ they seemed to und‘erstand that move

;‘zl* events.involved only F. and B, 1 ~ ’ .

-

- ¢ Level 4 descnibes one o]der child who used the Combinatwn rule for 5 "

1 turn events and the Correct rule f30r move events. This level postu]ates a
~ 6.7

B transition from the Enq«state ‘to the Correct rule for turn events; analogous

v 93‘ o the trans.twn from the D1rect1on to the Correet rule for move events in :

LR Y

~

Level 2; Mthough little-gvidence for Level 4 was found,&n this study, it S
seems reason&b’{e to' reta'ln it in ;he present developmenta] qu"mu]at'loﬁ of)

L T
. q‘command understan{hng. L g " . -

Ty

' Fmél‘ly,» Le;\el 5 describes chﬂdren who used the Correct rules for turn

f ‘and move events (1 young rand i2 plder children). These chﬂdren understood
o that turn Yevents mvolved R or L, and move events F or"B. - ‘ B

b i . 1 “ « L 2N
& D 3 Conclusions . S
. . - .7 . ~ '
In sumarea,_most children fisunderstood some or all of the basic turtle K

commandg'.‘ Andf:‘théir.initial misconceptions were pretty much as Piggef‘#

- . v
» * . V)
’ J L ‘ * . . "(

~
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theory predicts.; When the turtle rotated,”children tended to focus on the-.  .»
final turtle state (i. e,, final orientation), and not on the rotation . -
transformation. Even children who seemed tof know that F and B produced

‘ » T
displacement transformations thought these commands were-mi:o'lved—in events’ )

~ that provided clear evidence for an intervening rqtation transformation.

When the tur“t]e changed mcation cm/‘ldren seemed.to attend to the dispiace-

ment transformation itseif \Younger ones, however, often viewed the

-

- diaplacement with reference %o themselves v, the screen, and not With Co.

reference to the turtle, . ’ 2

~ 2! . !

[ L

The resuh‘.s suggest that yocn9 chﬂd‘ren s entry into tur’tie graphics
prograrrmmg will 'not* be as spontaneous as sdggested by anecdotal evidence " ‘
(e%.g., Papert, 1980) At the very ieast, carefui a‘ttention should be given .
to their 1nit1a1 1ntroduct10n to smgle primitive graphics commands. ‘At '
worst, it may bp unreasonable to expect young children-go. beyond the level of. '»"_
the’eingle command to 'tiie more comp1e§< nrogremﬁing espects of. turtie graphics. .i

A . ’ ' > i

. : * _ %
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fable 1

, Studﬁ‘lA; Percent Correct

Trial Type
Age ~  Turnm@  Moveb
45 27 53
67 40 73

-

4R or L was executed.

DF or'B was executed,

13
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Table 2
| ] /{f Study 1A: Rule Usage by 4- and 5-year-olds ' ‘
o . Al
o Turi\d// Move Rule .
‘ .
Ruie Random Direction Combination ° Correct s+ Total
Random - 3 4 2 . 9
| Eid-State 1 72 5b 8¢ 21
'7L#( Combination - 1 - -? 1
S Correct - - - e 1
Total™ = 1 - 11 9 11
7 . D -
. aUnderstanding level 1. ‘
- ‘bunderstanding level 2. [
CUnderstanding level 3.
4. f
€Understanding level 5.

|
' dynderstanding level
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Table 3 - _ -
—— . |
Study 'IA:' Rule Usage by 6- and 7-year-olds !
_ !
Al Turn Move Rule ;
o Rule Rando;n Direction Combination Correct Total f
' " ‘ - |
- Random - - - 1 1 L ;
End-State - 78 b 9¢ 16 - ;
Combination = - - - : ! 1d 2 |
Correct 1- - . | 122 1.3 ~ ‘
I L
. Total 17 1 ) \ , |
R - J
AUnderstanding level 1. o 3 ;:
bunderstanding level 2. . ) o ) !f‘ E
"CUnderstanding level 3. ) | |
dunderstanding level 4. ' - -
€Understanding level 5. : _
LT / i
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huies for Mapping Turh Events onto Commands

. Turtle Y Turtle

Rule . End-State ~ Transformaticn " Key
0. Random Facing 0 F -
u180 ~ B
"oogp ] R
o270 L
1. End-State “Facing 0 w—r >F
" 180 > B
Q .
i 90 —- > R
270 - — —> L
2. Combination Facing O - - > F
- " 180 = — > B
] 90 : : LN
, Clockwise ———
" 270 , —> L
Anticlockwise e
3. Correct F
. -

Llockwise —> R
. Anticlockwise — L

~
b

Fi gure 5
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Ruies for Mdpping Move Events onto Command
' \ . . .

&

- g
X .
Screen . Turtle: v
y Rule Direction- Transformation Ley
0. Random Moved 0 RV . F
* 180 - ; . B
’ . N N
" 90 R, ’
[1] 220 L
1. Direction Moved 0, - > F
. 2 . !
" 180 >B
90 ‘ -5 R
" 270 . —> L -
2 'C%mbinat';ion- | Mov'ec; 0 s el ‘*A;r F
. ' Move\t Forward ——7
. " 180 : — > B
-4 Moved Backward ~——? '
1} QQ — 4 - % R
Y20 ——n e =25
3. Correct Moved Forward —— > F
Moved Backward ----——->B
% ' o R
. ) L
Figure 6
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- Levels of Command' Understanding

|
|
i
} Turn Events ) ) Move Events.
| - B
{ Turtle Turtle L Turtle -~ Scyeen
’ End-State Tyansformation . Key Transformation Direction
. 1. Facing 0 > F €& ~—= Moved 0
Co -t 180 — > B e - " 180
R "90 —— >R < " 90
' : L 270 ‘ > L —— " 270
2. Facing 0 — - >»F & Moved 0
! L y . §-Moved Forward " 180
| 180 B
} , ’ RMoved Backward
" 90~ > R& - " 90
L " 270 " } < . ~ " 270
) 3. Facing 0 > F €— Moved Forward
180 — > B ¢~ Moved Backward '
) " g0 3R ‘ ,
' 270 - S L
4, Fécing 0 > F ¢<~.Moved Forward
' "% 180 - - » B &— Moved Backward
LT . e L
. . Clockwise —7 - .
1] 270 ) >_ L
Anticlockwise »——2 v
5. ~ Fe— Mofed Forward
B€—— Moved Backward
. ' Clockwise e——a——y R - ‘

- Anticlockwise ---—-> L

o L  Figure 7 o
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