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Abstract

During the school year 1977/78 four computers equipped with LOGQO and Turtle
Graphics were installed, in an elementary school in Brookline, Mass. All sixth grafie
students in the school had between 20 and 40 hours of hands-on rexperienee with
the computers. The work of 16 students was documented in detail.

The profiles, written by the classroom teacher, ars discursive essays on the
experiences of each of the sixteen experimental subjects. This illustrates She
wide variety of learning styles and learning paths within the LQGQiIasrrqmg
environment. They are particularly useful for teachers who anticipate using LDGD
with children, and offer a rich source of prcject ideas suitable for naive
programmers. (See LOGO Memo 53 for Part Il of tiils report.)

The work reported in this paper wes supportad in pait by the National Science Foundation
under grant number 77-19083SE® and conducted at the Artificial Intelligence Laboratory,
Massachusetts Institute of Technology, Cambridge, Massachusetts, The views and eanelusia‘ns
contained in this paper are those of the authors and shculd not be interpreted as ﬁg’:gssaﬂlyf
representing the official policies, either expressed or implied, of the National Science
Foundation or the United States Government.
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INTRODUCTION

In this part of our report we present sixteen separate profiles,
describing the LOGO experiences of each of our subjects in some
detail. Each profile includes a statement of how the child is
perceived as a student in the regular academic areas of the school,
a description of "what the child learned” in the LOGO classes, an
analysis of each child’s particular strengths and problems, and the
particular teaching strategies that were considered appropriate for
each child. In reading this malerial, one should bear in mind that the
students’ learning toock place in a project-oriented setting and no
attempt was made to exp: se all students to a “standard LOGO
P curriculum.” Rather, the teacher introduced new material to
Q students on an individual basis, and in a way which would be
: integrated into their individual projects. Consequently, we
observed different students concentrating on different aspects of
LOGO. For exampie, some organized most of their learning
experiences around. the crealion of free-form "emergent” designs, =~
while others concentrated on elaborately planned projects. Most of
the students’ work related to computer graphlcs, but a few also
undertook non-graphics projects. The sixteen students in our
experimental sample spanned a wide range of interests, abifities
, and cognitive styles. One of the strengths of this kind of LOGO
. learning envircnment is that it appealed to students across such a
spectrum and provided a significant learning experience for each of
them.




1. Albert

Albert is considered to be an average student by his teachers. (His most
recent scores on the standardized tests given to all sixth graders place him
in the 51st percentile nationally.) He is a quiet, well mannered student,
serious in his work, and well liked by his classmates. When asked questions
about himself or asked to explain his thinking, he tends to respond with brief
statements, or to be non-committal. :

Aibert thoroughly enjoyed working with the computer, and became deeply
involved with computer activities at the very first class. He rarely seemed
to be at a loss or to need help in choosing an activity. He was adept at
moving the TURTLE around the screen, and using it te draw simple pictures.
He usually warked on hls own, rarely askmg fur he}p; and eften w:arked on a

Althuugh he did tackle a cauplé of langer anamahan pra;ects, he seemad mﬁst
comfortable with shorter tasks that he could carry out without assistance.
Albert concentrated on his own activities and seemed to be largely unaware
of the work of other students.

Although Aibert was successful in driving the TURTLE and in carrying out
many small projects, he had difficulty using subprocedures and variables, and

in planning his work more than one step at a time. Within thase limitations,

he himself was extremely satisfied with his work, and axpressed a strong
interest in continuing to work with computers next year.

1.1 Albert’s work in Turtle Gepmetry

Albert began his LC30 experience by "driving the TURTLE" with great proficiency.
In his first session of LOGO, Albert was able to use PENUP and PENDOWN to try
out steps experimentally. He readily used FORWARD/BACK, and RIGHT/LEFT as
inverses, estimated distances and directions, and aggregated two forward steps
into one (combining FORWARD 35 and FORWARD 23 into one step by typing
FORWARD 58). He made expért use of 90 degree rotations to move the TURTLE
into paradel positions, and at one point used a 45 degréa turn to create a
diagenal line.

In the third class he drew a complex "face" using direct cammands; and spent the
next two classes wrlting and debugging a langthy pracedure which drew the face.



ides, preferring to work with a long sequential procedure.

TO KEITH
1 RCIRCLE 89

2 PENUP

3 RiGHT 90

4 FORWARD 45
5 LEFT 90

6 FORWARD 23
7 PENDOWN:

8 RCIRCLE 12:

9 PENUP

10 RIGHT 90

1! FORWARD: 55
12 FORWARD. 11
13-BACK 9

14 BACK 5

15 RIGHT 80

16 FORWARD 6
17 PENDOWN

18 LCIRCLE 12
19 PENUP

20 FORWARD 15
2! PENDOWN
22 RCIRCLE 13
23 PENUP

25 FORWARD 45
26 RIGHT -90

27 FORWARD 50

Figure 1.1

28 PENDOWN

29 BACK 65

30 BACK 23

31 PENUP

32 RIGHT 90

33 FORWARD 100
34 FORWARD 23 -
35 LEFT 90

36 FORWARD 45
37 RIGHT 80

38 FORWARD 6

'END

in drawing his: face, Albert used 90. degree turns to "drive the TURTLE" to
different locations on.the screen. This enabled him to keep the different features
of the face parallel to each other. On the other hand, the repeated use of 3G
degree turns and small TURTLE steps, made it difficult fer Albert = cons<fdn g
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__Turtle Geometry

his steps, or to understand the purpose of each step or series of steps in his
procedure. He drew his design by trial and error, and then incorporated all the
steps into a procedure by copying them into his notebock. He did not copy
exploratory steps which were carried out with PENUP. Since some PENUP steps
were needed as part of his drawing, and others were exploratory, and not needed
in the final design, Albert experienced some confusion in figuring out which steps
to include and which to eliminate. This led to bugs in his procedure, which were
difficult for him to understand,

Albert also had difficulty deciding whether to use a circle that curved to the right
or to the left for the interior features of his face. He could get the TURTLE to
. the point where he wanted the eye drawn, but seemed unable to predict
consistently whether the LCIRCLE or RCIRCLE command was needed to place the
circle where he wanted it. He would first try the circle with PENUP, then repeat
it with PENDOWN if it was right, or choose the reverse circle if it came out in the
wraong place. This created more possibilities for copying errors and further
complicated the process of debugging the final procedure.

In the sessicns that followed, Albert continued to move the TURTLE around the
screen by creating a kind of "grid" composed of 90 degree turns. Albert made
use of angles other than S0 degrees only when they were specifically needed for
particul- - shapes.

In the sixth class, Albert decided to make a five pointed star. . After several
unsuccessful tries his teacher suggested that he use the REPEAT command,
repeating a forward step and a turn five times, and then varying the angle to find
the correct rotation. Starting at 60 degrees and using a mathod of successive
approximations, it took him seven tries to find the correct angle: he tried 60,
110, 15@, 140, 145, 143 and finally was successful with 144, For the last three
steps, the teacher suggested that he hide the TURTLE each time, to see if the
star was "exactly right". : :

When Albert wrote his procedure TO STAR, he listed 10 separate staps, rather
than using the REPEAT command he had used in his explorations. This was
another indication of his preference for linear, sequential procedures, rather than
subprocedures.

”“"»!



Albert =~ 000 a4 0 Turtie Geomelry

70 STAR
1 FORWARD 100
2 RIGHT 144

3 FORWARD 100 :

4 RIGHT 144 <
5 FORWARD 100 [~
6 RIGHT 144

7 FORWARD 100
8 RIGHT 144

9 FORWARD 100
10 RIGHT 144
END

Figure 1.2

In a later class Albert decided to have the computer draw his initials. His
problems with this project illustrate his difficulty in understanding the state of the
TURTLE and the use of subprocedures. He was encouraged to make an A and a !
as separate figures and then write a subprocedure putting the two initiale
together.

In ..:king his A, Albert estimated by eye, getting a close approximation to
symmetrical A. He first turned the TURTLE 20 degrees to the right, and made the
first leg of the A. He then used 144 degrees (borrowed from his star) for the
vertex angle. (A rotation of 140 degrees would have made an exact!
symmetrical A. The rest of the design remained skewed at 4 degrees from the
vertical and harizantal axes.)

Although making the subpracedure J posed no great problem for Albert, putting
the A and the J together proved to be more difficult. Albert usually worked on a
Turtle Geometry. project by trying out all the steps first, and then copying them
aver to make a procedure. He used this approach for making both of the letters
for his initials. When he came to making a procedure to put them togethe:
however, he did not seem fo reslize that he could work in the same step-by-step
manner, using the subprocedures, A and J as though they were direct commands.
!ﬁste";ad he wrote the préeedﬂre first, then tested and debugged it.

In addition to not reaiizing that he could use the A and J as though they were
direct commands, Albert had difficulty realizing how the state of the TURTLE
effected the position of the J. Although he had an excellent grasp of the state of
the TURTLE as it related to forward, back right and left commands, ‘he. seemed to
lase track ﬂf al as it relaied to a prncedure -8 cambmed sequen:e of cammands.



Albert =~ - 15 _ Procedures

An analysis of Albert’s separate. procedures to dr:> an A and a J is shown below.
The TURTLE starts drawmg the A at point 1. It flmshes the A at point 2. It starts
and finishes the J a' points 3 and 4 respectively (see figure 1.3). In his work
however, Albert sezmed unabis to take these TURTLE states into account.

FINISH

START 1 A
} FINISH 4,

START 3°
Figure 1.3

It took Albe-t seven tries to achieve his procedure MAME (a substitute for the
desired title "NAME", an existing LOGO command). Aithough each try got closer to
the desired result, the whole approach seemed raveid of planning. Figurs 1.4, on
the next page, shows the sequence of Albert’s trials. The dotted line on the left
shows where the turtie moved before raking the J.

1.2 Albert’s Use of Procedures and Subprocedures

Albert quickly understood basic TURTLE commands, and the idea of combining a
string of TURTLE commands to write a procedure. As we have seen, he
develgped a strategy of trying out a sequence of dirsct commands, and, if he liked
the design, copying the entire list of com.sinds to make a procedure. He eaily
learned to edit procedures to correct spelling or syntax errors and becarie
proficient with filing. On the other hand, Albert had difficulty debugging
procedures in which there were errors of substance rather than syntax. His
programming work, often suffered from a series of related confusions which will
be described in detail below.

--he failed to use step—byﬁsiap analysis of his procedures as a
debugging tool;

--he had difficulty undarstandmg the role of subprocedures as separate
entities;

h



Procedures

Albert - LE, —

Figure 1.4

TRIAL
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SRVAY

, [ 1
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i
5 ____SAME AS TRIAL #3 SAME AS TRIAL #3

THE J WAS "OUT OF BOUNDS"
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a{he usedrbath recursion and v:.-iables in a "mechanical® fashion,
without really understanding how they worked.

In the third class, Albert used the TURTLE to draw a rather involved “face". He
copied down more than 35 steps in writing a procedure called KEITH. (See Figure’
1.1). When copying errors -- the omission of two or three necessary steps ~~
led to bugs, Albert was unable to resolve the problem without help. He was
shown how to use the STEP command, and was able to successfully edit his
procedure using it. However, in later werk, he rarely applied this approach on his
own -- preferring to start over completely, rather than go throug!: a step-by-
step debugging of a previously defined procedure.

Vihile Albert learned how to use previously defined procedures as buiiding blocks,
he had great difficulty using the idea of subprocedures in his planning. He seemed
to have a fixed idea of a procedure as a sequential list of commands. When a
pr c2dure was usad as a subprocedure, he seemed to lose track of how it fit into
his overall purpose. His "initials" project, serves as a good example of this.

In another project -- making a "spacewar™ animation in which a "UFQ" orbited
around a “"planet”, while shooting at it, Albert used subprocedures at the
teacher’s suggestion. When bugs occured, he had difficulty realizing which
subprocedure as at fault. He put subprocedures in the wrong places, often using
them more than once. He needed a good deal of help to debug his procedures -
successfully. ‘

It was not until the last tew classes that he began to incorporate subpracedures
into his work independently,

A similar situation occured in Albert’s work with recursion. He easily learned to
use recursion in a "cliche” form, but had difficulty debugginz improper uses of
recursion. During one class, for example, Albert created a number of recursive
designs. One of them, FLAIT, was intended to produce an effect somathing like an
asterisk. First he defined one "ray” of the asterisk:
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TO FLAIT
I FORWARD 56
~ 2 RIGHT 90
3 FORWARD 2
4 RIGHT 90
5 FORWARD 56
Figure 1.5

What he needed to do next was to rotate the TURTLE, and use recuvsion to
repeat the whole process. What he did was to add the recursion line without
including the necessary rotation:

TO FLAIT I
1| FORWARD 56
2 RIGHT 90

3 FORWARD 2

4 RIGHT 90

5 FORWARD 56 FLAIT L
END

Figure 1.6

When this version of FLAIT did not produce the desired effect, Albert tried to
use it as a subprocedure of IFLAIT:

TO 9FLAIT
1 FLAIT
2 FLAIT
3 FLAIT
. 4 FLAIT
5 FLAIT
6 FLAIT
7 FLAIT
8 FLAIT
9 FLAIT
END

He was surprised that SFLAIT produced exactly the same effect as FLAIT, and
gave up on his project. Several weeks later, however, when asked ‘why SFLAIT
and FLAIT had the same effects, Albert responded quite easily: "Because FLAIT
never staps, and md' cated lhat enly ‘nne l nf EFLAIT was ever execulﬁd Ha

12



__ Verisbles

Fa '?"tjﬁe;:réi;u:rsian liﬁé in FLAin

o All;gef "[_alsn Iearned ta lise variables’ ta ehanga the angle or slza af a gwen ‘
. Hfjp"fdeterm|ned shape. ‘Again, he was able to debug. prablems that arose due to .
. syntax errors, but had difficulty with: those that had to do with a mls:gnceptlan of -
o the purpase cf the' vsrlable or the. way in whlch it was asslgned ' 5

For examplg. Albert taught the samputer to draw a 5—pnmted star (Flgure 1 2).
10 STAR '
1 FORWARD 100
2 RIGHT 144
3 FORWARD 100
4 RIGHT 144
5 FORWARD 100 -
6 RIGHT 144 :
7 FORWARD- 100 .
8 RIGHT 144
f . 9 FORWARD 100"
o 10 RIGHT 144
END

Later, durmg class 10, he was shawn hew to rnake & star of vanable size by

praeedure tltle HEE new pracedure was:

TO AS :SIZE

1 FORWARD :SIZE
2 RIGHT 144

3 FORWARD :SIZE
4 RIGHT 144

etc.

Later, however, Albert had difficulty applying this idea to the task of designing a
racetrack. He was drawing a shape consisting of two boxes, one inside the other,
and wanted to write a procedure that could draw boxes of different sizes. He
had begun his work by moving the TURTLE from the origin to the lower left hand
corner of the screen, and drawing a large box, using these commands:




v".his prablam‘ mta subparts ‘that had d

}s move the TURTLE over

s

jer [gft hand carner af

These steps draw a bhox with

~ FORWARD 375 , sides of 375,
©'RIGHT 90 FURWARD 375
RIGHT 90

L Whén it was auggested to Albert that he n\ake a variable box pracedue, he
~ " followed" the same pracess he did WIth his STAR he capiad the steps,
. substituting :SIZE for the’ originally. fixed length in all'the FORWARD steps without -

~changing the: RIGHT- or BACK step. 'He had not daffarentlated the staps ﬁesded to.
- move the TURTLE over, frnm those naeded to draw the bax

TO BX :SIZE

5 PENUP.LEFT 90

10 FORWARD iSIZE
15 RIGHT- 90

120 BACK 200 -

25 PENDOWN FDRWARD :SIZE
B0 RIGHT 90

35 FORWARD :SIZE

40 RIGHT .90

45 FORWARD :SIZE
50 RIGHT 90 FORWARD :SIZE
'S5RIGHT 90

END

. -When thls praduced an afH:enter box, Albert was rnystlfled He debugged thls

nt § fuﬂctlo‘hs

. - Albert’s prablams were :ﬁmpaunded by the fact that he sskad far help anly when




‘the oth

“encounter . , .
' imprave;hisuﬁderstandiﬁg,rplénn_iﬁgfand’érganizatian; -

CAbert L " Animation

totally frustrated. By that point he had usually tried so many alternatives that he
~-Wwas no _longer aware of what his original difficulty had.been. - In a class in .which

_three students (Dennis, Harriet and Tina) were extremely: demarding,
orking -quietly on his own,:tended to gat lost. The problems he

ed remained confusions, and were rarely .used as vehicles to help him

Albert,

1.3 Albert’s Work on Animation Projects.

- Work involving aﬁnirﬁatiénuf different kinds was a major theme of Albert’s LOGO

experience. - He began incorporating SPINs in his designs in the second and third
class. - In the seventh and eighth classes he developed a "Starwars” project that

~ involved using positive and negative SPINs to draw a UFQ orbiting around a

planet. This project also made use of display commands, SNAP, DISPLAY and

‘RUBDIS to create a shooting effect, and to make the planet disappear. In a later

class he drew a car, and animated it using SPIN and MOVET. :He then got very
absorbed in the process of designing tracks for the car to race an. Still later,
Albert animated a gocart using MOVET. He had a major problem orienting the
TURTLE so that the car was drawn herizontally and moving horizontally from left
to right. ‘

In class nineteen Albert was given procedures to animate the TURTLE, and shown
how to write a procedure that would allow him to change the TURTLE’s motion by
typing letters on the keyboard. He was given the procedure DT, and the idea for
the procedure CHANGE. (KEY was given to him as a "primitive” which * sends a
message to tell which key on the keyboard you typed.") The procedures were:

- TO DT TO CHANGE

10 MAKE "D 10 10 MAKE. "LETTER KEY

20 PENUP 20 IF :LETTER = "R RIGHT 20

30 FORWARD :D 30 IF :LETTER = "L LEFT 20

40 CHANGE 40 IF :LETTER = "F MAKE "D :D+10

50.GO 30 80 IF :LETTER = "B MAKE "D :D-10

END 60 IF :.LETTER = "C RCIRCLE 20
END h

Alﬁert himself chose the letters to use in CHANGE and decided what changes
would occur when those letters were typed. :
Now Albert settled into an area that he could understand -~ designing racetracks

for the moving TURTLE. He designed several: one was box shaped, another oval,
a third an oval with a figure eight in it. Throughout Albert’~ work with animation

15
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B

it was. clear that »hngaﬂs not espéciaily concernad wlth hnw the animatmﬁ
"dures wuth
sful.’ Althaughv
d fnot derive
, : - GHANGE several times
to alter the angla turﬁed, or the amount the distance increased and decreased and
to add a new. procedure which made tha TUﬁTLE jurnp inatantanaausly across the
scraen. A




. 2.Betsy

Eetsy is a slew, methadlcal student who warked on several long Pfﬁlectsl each.

‘lasting for a number of class periods. Although she was quiet; and rarely asked -

“for help in her work, she respanded well to suggestions from her taacher ‘and

) _once ‘having. acqulred a new idea she was usually able to make use of it in

different contexts. Betsy is considered to be_below average in overall- academic
ability. Her most recent schievment test scores place her in 32nd percentile,
when compared to national norms, Our praaentation of Betsys wark focuses on
- examples of her.major projects. : : =

1. Betsy’s Horse Project

Betsy’s first project was to draw a horse, using the computer. In the course of
working on this project, Betsy learned to: estimate angles and d\\stansas with the
TURTLE, to make use of 90 degrev angles;. to draw rectangular shapes; and to
-make use of right/left rever5|b|l|ty In the area of programming she learned to
write pracedurss to use subpraceaures to draw different parts of her.horse, and -
to write a superprecedue to put the entire project together.



__Horse Project

Figure 2.1

“TQ, HORSE - HORSE is a superprocedure’
1 BCOY. " which craws the entire horse
2 HEAD S ) .
3 TAL ~
4 LEG
. 5SEE
END

. TS
Q0




10: FDRWAR‘D 90

20 RIGHT 90
30 FORWARD 90

40 FORWARD 90

50 RIGHT 90
60 FORWARD 30
70 RIGHT-90 - -
80 FORWARD 90
90 FORWARD 90
END

TO HEAD | ’
10 RIGHT 63

20 FORWARD 180

 30'LEFT.63
40 FORWARD 90
50 RIGHT 90

60 FORWARD 20
70 FORWARD 10
80 RIGHT 90

* 90 FORWARD 90
100 FORWARD 40
110 RIGHT 63
120 FORWARD 90
130 FORWARD 20
140 LEFT 60

END

TO TAIL

the horse’s. b&dy

HEAD draws the head and nésk of

,the horse

10 PENUP FORWARD 170

20 LEFT 63
30 PENDOWN
‘40 FORWARD 40
50 RIGHT 63
60 RIGHT 90
70 FORWARD 94

" END-

TAIL =avaes the TURTLE over frnm

where the neck finishes, and draws -

the horse’s tail

) E _ nggé Frcu ext
v TO BDDY . BC)DY draws a rgctsﬁgle in represent |



60 RIGHT 90

70 FORWARD 10

80 LEFT 80 -
90 PENDOWN
100 FORWARD 90
110 RIGHT 90
120 FORWARD 20
130 RIGHT 80
‘140 FORWARD 90
END

TO SEE -

10 LEFT 90

20 PENUP

30 FORWARD 90
40 LEFT 90
50 PENDDWN
60 FGRWARD 90
70 RIGHT 90

80: FDRWARD 20
90 RIGHT 90
100 FORWARD 90
END -

“LEG moves the TURTLE from where -
, the ta:l ﬂnlshas, and draws the

harse s rear leg

SEE moves the TURTLE over to
draw the front leg -

Horse Project

Hawng already called one pracedure LEG, Betsy chose a muscallanenus name, SEE,
for: the ‘second leg, ‘Since she used thg game aubpracedura to move the TURTLE
‘aver, and to draw-each feature, tha subprﬂcedura LEG could not be' used again to

: drsw the secand leg

. 2,2 GEﬂmEtﬂE Dam ng Usin!' Ares

“’Eetsy spent snx class permds making a series of designs with quarter arcs. She
- enjoyed- the effact made by alternatlng Iaft and rlght arcs. Her pracedura, EDX,

drew: the. lergest saries of four alterna
o withaut praduclng an’ "QUT DF EDUNDSi massage

20




. Betsy 0000025  Geometric Designs

CUTOBOX. o, TO JIMMY.

" '10RARC49 | ~100BOX

- 20 LARC A4S " - 20 LEFT 80
~30RARC 49 30 LEFT 80
- 40 LARC 49 40 BOX
_END | END

Figure 2.2 . )  FIGURE 23

Her procedure, JIMMY, made the TURTLE retrace its steps so that it returned to

its point of origin. When she repeated the same process four times, to make a

symmetrical design, KATHY, she gave cach of her four subprocedures a different

name. Al this point she followed the same pattern of subproceduralization that

she had in her horse project: each part of the design had its own function, -and

hence its own name. While she was consciously repeating the same process four

times to make the overall design, she was not yet comfortable with the idea of -
repeating the same procedure four times -- although that had been suggested by

the teacher.



o iﬁ*ﬂ’ _

TO KATHY -TO JIMMY TO KARL
10 JiIMMY 10-BOX. 10 BOX .
'20KARL 20 LEFT 90 20 LEFT 90
30 SUSAN 30 LEFT 90 30'LEFT 90
40 LAURA ~ 40 BOX 40 BOX <
END END END

TO SUSAN TO LAURA

10 RIGHT 90 10 BOX

20 BOX 20 LEFT 90 :
30 LEFT 90 30 LEFT 90 -
40 LEFT 90 40 BOX

50 BOX END

END

Figure 2.4: Kathy
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Betsy’s next design was made after a period of experimentation with repeating

- BOX, rotation, BOX, rotation, ... This time she made a ‘subprocedure, RAY,

consisting of BOX -and ‘a rotation, and found-that repeating RAY nine times
‘produced a "sun". = : e T e S

TO RAY TO SUM,

10 BOX ' 10 LEF1'130

20 LEFT 180 = 20PENUP

30 RIGHT 20 30 FORWARD 180

END | 4G RIGHT 130

z | 5O PENDOWN = e
60 REPEAT [RAY] 8 N
END

Figure 2.5

Lines 10-50 of SUN are needed to move the TURTLE over so that the entire
design appears on the screen. The design is drawn by line 60: REFEAT [RAY] 9.

Next, Betsy wanted tc make suns of different sizes. She learned the syntax for
using variables, and rewrote her procedures: .
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70 BOX2 SIZE TO RAY2 :SE. TO SUN2 SIZE

. _10RARC:SIZE - 10BOX2:SI2E 10 REPEAT [RAY2 :SIZE] 9
“"20 LARC SIZE 20 LEFT 180 END
30 RARC :SIZE 30 RIGHT 20 |
40 LARC :SIZE*~ END
END

Having defined a variable sun, Betsy set out to make a "sky” full of stars. Her
design was limited to two stars, by the memory limitations of the display
computer. Betsy’s superprocedure, BUD, whmh draws tha sky, uses the
subprocedure SUN2 twice.

TO BUD
10 PENUP

20 LEFT 90

30 FORWARD 180
40 RIGHT 180

50 PENDOWN

60 FORWARD 370 - | N vE
70 LEFT 120 . f
80 PENUP. | i\

90 FORWARD 90
100 PENDOWN
110 SUN2 10
120 PENUP
130 BACK 20

140 LEFT 120 e — R —
150 RIGHT 45 ‘

160 RIGHT 10

170 FORWARD 180

180 RIGHT 90 | | | ,

190 FORWARD 70 |
200 F'ENDC)WN
210 SUNZ 10
END

o Figure 2.6

23 Récurééve s Projects -

Fora few periods. Betsy expersmented with randomly creating geometric designs

- by using recursion. ABC and SWING were two designs which she Ilked well

: enough. to make prmted envies;

| 24, |
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TOABC - TO SWING ,
10 FORWARD 90 10 FORWARD 50

20°RIGHT 90 ‘ 20 LEFT 40
30 FORWARD 180 30 SWING
50 LEFT 180 END '

60 FORWARD 40 :

" 70 LARC 20 k . . SWING -
‘80 ABC ‘
END

o ABC

Figure 2.7
This led rather naturally to making a series of designs using POLY, and exploring.
the relation betweeen the angle inputs to POLY, and the resulting shape. These
explorations, anc designs made using POLY occupied another few classes.

2.4 vDébgggirng a Person

Near the end of the series of classes, Betsy was asked to debug a set of .

deliberately buggy procedures, designed to draw a person. She was faced with -

-the problem of debugging a set of subprocedures which drew a figure like this:

£y
)



ging a Person

Figure 2. 8

Eetsy haﬂ no dlfhculty gethng the arms nriented correctly. She did have difficuity. ..

" positioning the 1 e heed er. Rather than make use of the
.- gtandard- -of- ratatmg the TL!RTLE 90’ degrees ‘before’ dréwmg ‘the head. -
Eatsy used & more elaborate process of rnaving tha TURTLE upward and ta the

Iaft bafaﬂs ﬂartmi to draw the head.

- Flgure E.Ba” - - ) Figuwe 290 -
. Flgurezg _ .

The resulting ﬁgure. and the procedures which wara used tg draw it gra ahawn




’ Betsy . - 211 ____ Debugging a Person
TO PERSCN TO ARMS
10 30D 10 RIGHT 180
0 LEGS -~ 20 FORWARD 60
30 ARMS 30 RIGHT 90
40 HEAV 40 RIGHT 45 x
END 50 FORWARD 30
| 60 BACK 30
TG BOD i 70 RIGHT 90
10 FORWARD 20 80 FORWARD 30
20 BACK g0 S0 FORWARD 30
END 100 RIGHT .80
. 110 RIGHT 80
TO LEGS 120 LEFT 45
10 RIGHT 180 END
20 LEFT 45
30 FORWARD 40 TG HEAV
40 BACK 40 10 FORWARD 30
50 RIGHT 80 20 PENUP '
60 FORWARD 40 . 30 LEFT 90
70 BACK 40 40 FORWARD 20
80 LEFT 45 50 RIGHT 20
END 60 FORWARD 25
70 PENDOWN
80 RCIRCLE 30
END

7\

Betsy’s work debugging person was followed by a recursive design, which .
produced a string of overlapping figures,

Figure 2.10

" B ) 0
] g '? '




Betsy 212  Debugin a Person

TO PEOPLE
10 PERSON
20 PEOPLE

END

and a design drawn by arranging four PERSONs in a kind of square: -

TO PERSO

10 PERSON

20 RIGHT 90

30 PENLIP

40 FORWARD 90
50 PENDOWN
60 PERSON

70 RIGHT 90

80 PENUP

90 FORWARD 90
100 PENDOWN
110 PERSON
120 RIGHT 80
130 PENUP

140 FORWARD 80
150 PENDOWN
160 PERSON
END

Figure 2.11




3. Darlene

Darlene is a bright, quietly attractive student, who is considared to have “above
average” ability by her teachers. Her most recent achievement test scores place
her in the 49th percentile as compared to national norms. Despite the potential
perceived by her teachers, she does not seem to challenge herself in school, or to
respond to challenges from teachers. As one of her teachers put it: “Darlene
always seems to exert herself to the extent necessary to get a B, and no more.
She does not push herself, and is not concerned with doing the best she can."
Darlene’s school work is conscientiously neat and punctual, but not inspired. -

Darlene exhibited much the same pattern in LOGO classes. Her work was
characterized by a large number of short projects, usually involving attractive
geometric designs. She very quickly learned a few key ideas in LOGO
programming and Turtle Geometry, and applied these ideas over and over again in
similar projects. She tended to reject suggestions that led to longer, more
involved projects, or to more complex learnings.

Darlene had a lot of curiosity about the LOGO language, its commands and error
messages. She often carried out "experiments” to test the limits of the language,
or the computer system. She enjoyed examining the work of other children, which
she was able to understand by printing out their procedures and stepping through
them. She also became adept at the use of the LOGC filing system, and had
several files of her own, which she learned to manipulate expertly.

Darlene learned to use all of the system peripherals: the fioer turtle (during the
few days it was available), the printer, and especially the plotter. She devoted a
tair amount of effort to making plotter pictures of her designs, and using the
plotter and printer output to make neat, well organized displays of her work.

Darlene had a desire to be self-sufficient in her work. She usually preferred to
scrap a project with which she was having trouble, rather than to debug it
carefully or ask for help. While she liked to learn new ideas that would have
immediate effects (such as the use of REPEAT or SPIN comands) she rejected new
ideas when they required a lot of concentration, time to implement, or a difficult
new syntax (such as the use of variables).

Darlene exhibited a great deal of curiosity about the workings of the LOGO
language and the computer system. This sometimes took the form of trying to get
the computer to generate error messages, or to "printout” LOGO primitives, She
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was suriaﬁ?. about the error messages generated by using alphanumeric and non-
alphanumeric characters, When she received an error message she often
responded: by carring out a series. of experiments. For example, the following

sequence; taken.from Darlene’s dribble file:

65 .

YOU DON'T. SAY. WHAT TO DO WITH 65
?H65 ' '
YOU HAVEN'T TOLD ME HOW TO H65
%6+ 2

YOU DON'T SAY. WHAT TO DO WITH 8
%6 + 2=

=NEEDS MORE INPUTS

%+2=8

YOU DON'T SAY WHAT TO DO WITH "TRUE
WR6+2=8

a8

=NEEDS MORE INRUTS.

In the sémg session, she generated the longest single "word" that the computer
wauld accept; typing random cheracters for twenty-one lines, until the. computer
printed a "NO MORE STORAGE" error message.

in another session Darlene explcred a rather confusing series of errors. Although
she did not ask for help, and the teacher was not directly aware of what she was
trying to do at the time, we have been able to reconstruct her mode uf operation
by a detailed snalysis of her dribble file:

?TC &&#+ Darlene is experimenting with non-alphsnumeric
procedurs names

* CAN'T BE AN INPUT -

' Without understanding the message, she picks
- a new name, again non-aiphanumeric

o &)y - ' o

>10 FORWARD 12 Gatting no error message, Darlene defines

»20 RIGHT 30 a procedure, using a familiar sequence of

>30 FORWARD 12 commands .

>40 RIGHT 80

>50°'FORWARD 12

>60 SPIN.100.

>END S

& DEFINED Darlene noticed that the computer responded
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"& DEFINED" and used & as her pracedure
& title, rather than &)&)
& NEEDS MORE INPUTS
Noticing the error message, she now tries
her original title, &)&)

28)R)

UNEXPECTED RIGHT PARENTHESES

’ED & Darlene realizes that something about her
procedure needs to change, but she is not

>END - sure what to dc, so types END,.and trias

& DEFINED some more experiments

&

& NEEDS MORE INPUTS
THis time she tries an "input”

2& X
YOU HAVEN'T TOLD ME HOW TO*
7&78 Tries a numerical input, but forgets to

ieave a space
YOU HAVEN’T TOLD ME HOW TO &78

& 56

& NEEDS MORE INPUTS

POTS Here Darlene yets another “clue” about

TO&) &) how the computer "thinks" &)&) should
be typed

O&)&) She copies the computars versicn, including
TO

YOU HAVE ALREADY TOLD ME HOW TO &

ER&) &) Using the computer’s version again

UNEXPECTED RIGHT PARENTHESES

POTS

TO POLY :SIDE :ANGLE !
Darlene notices that despite the error
message, & ) & ) has been erased.

?ER ALL She clears the workspace and starts again
? READ "DEANNE >

?PATS ’

?TO POLY :SIDE :ANGLE

?TO &)&) She tries again!

>10 FORWARD 12
>20 RIGHT 90
>30 FORWARD 1%
>40 RIGHT 90
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>50 FORWARD 12

>60 SPIN 100

>END

& DEFINED

POTS

TO&) &) Darlene doesn’t even try & this time.

TO POLY :SIDE :ANGLE '
When she sees that the computer has
printed it out the same way, she knows it
won't work, and just erases it. This time
she erases it ueing her version of the
title, and checks, using PDTS, to
gee if the procedure was erased.

ER &)&)

UNEXPECTED RIGHT PARENTHESES

POTS

TO POLY :SIDE :ANGLE

?TO TOO :

During this entire sequence, Durlana never asked for help, or mentioned her
difficulty. Finally abendoning the struggle, she chose a more conventional name
far her procedure, TOO, and went back to her original plan. Her difficulties
stemmed from two problems. Not understanding the special role of parentheses
in LOGO, and being relatively unfamiliar with variables. One experiment she did
not try was to continue adding inputs, typing & 58 58 58 for example, until the
~ error message, "& NEEDS MORE INPUTS" no longer occurred. Perhaps a greater
familiarity with multi-varieble procedures might have led her to that experiment.
At a minimum, she probably learned that non-alphanumeric characters can cause
difficulties in procedure titles. Her persistence, in exploring the system on her
own, without help, was characteristic of her work.

2. Darlene s Use of Fraceduras

Darlene had an excellent sense of a procedure-as an entity. She began defining
and repeating procedures in the first class. When a procedure that was supposed
tn maké a “D" (see Flgure 3.1a); had 8 bug In |t (see Flgure 3.1b), she

3 lc;)
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3.1a 3.1b . 3.1¢c

Figure 3.1

Making patterned procedures remained a major theme of Darlene’s work.  Darlene
was alsd able to establish a clear hierarchy in the use of subprocedures. In the
fourth class, she made an experimental design which she called STAIRS. Having
finished the design, she began repeating it. After a few repeats, she saw ihat it
was going to require a large number of repeats before it "closed”. She now
began to use the REPEAT command, finally determining that her figure closed sfter
18 repeats of STAIRS. She made this a procedure, and also defined a procedure
which would cause the whole shape to spin:




* S8TAR

STAIRS

 TOSTAR ' T0 STARSPIN

10 REPEAT [STAIRS]18 10 SPIN 100
END 20 STAR
END

N Figure 3.2 ‘

Y,



3.7 Use of Praéedures

This approach was a common one in Darlene’s work: make some kind of original
design, then repeat it until it makes a closed or complete figure. When Darlene
made a design which included a SPIN command, she quickly - transformed it into &
repeated spin with her second procedure.

TO POINT )
10 FORWARD 70 8B N
20 RIGHT 67 '
30 FORWARD 2
40 RIGHT 67
50 FORWARD 56 ,
60 SPIN 100 ; A
END

Figure 3.3

TO ZIPPER
10 REPEAT [POINT]10
END

Figure 3.4

The name, ZIPTER, came from the visual effect cause by the shape of the mddule
and the multiple spins.

In addition to having a clear sanse of the hierarchical structure of LOGO
procedures, Darlene also understoed how to break a long project into shorter
subprocedures, in order to simplify the construction process. Her procedure CAT,
was made up of six subprocedures, each of which had a clearly defined function:

Co
Cn
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TO CAT

10 RIBIT ;draws two circles

20 WEE smoves the TURTLE to draw the first ear

30 EARI sdraws the first ear

40 EAR2 smoves the TURTLE and draws the second ear -
50 TURN ;movas the TURTLE to draw the tail

60 TAIL ;draws the tail

70 HIDETURTLE

END

Figure 3.5

At some point after finishing the CAT project, Darlene decided to carry out a
complex sequential Turtle Geomatry project without using subprocedures. Her
resulting procedure, CASTLE, included 63 steps (numbered by fives) and was
accomplished with a minimum of debugging.




3.9 Use of Procedures

Figure 3.6

Darlene also enjoyed examining the work of other children. She would LOGIN with
other children’s names, read their files, and try out their procedures. She would
expertly trace her way through a procedure hierarchy to find out what each
subprocedure did and how it worked. ' Once she copied a set of procedures from
her classmate, Betsy, expertly changing each subprocedure name, so that
Darlene’s preceduees produced the same effect as Betsy’s with different names:

N



3.10

Betsy's Darlene's

Procedures Procedures

Use of Procedures

TOBOX .

10 RARC 49
20 LARC 39
30 RARC 49
40 LARC 49

TO RAY

10 BOX

20 LEFT 180
30 RIGHT 20
END

TO SUN

10 LEFT 130

20 PENUP

30 FORWARD 180
40 RIGHT 130

45 PENDOWN

S0 REPEAT{RAY]9

TO PIG

10 RARC 49
20 LARC 29
30 RARC 49
40 LARC 49
END

TO GLASS
10 PIG

20 LEFT 180
30 RIGHT 20

TO SMILE
10 LEFT 130

20 PENUP

30 FORWARD 180
40 RIGHT 130

45 PENDOWN

50 REPEAT [GLASS]9
END



Tigure 3.7b ' Figure 3,7¢
GLASS SMILE




3.12 ~ Use of Procedures

~ Although Darlene was expert at many aspects of LOGO she was confused by
~variables, end although she cerried out.a number of projects involving variables,
“she never n nsistent effort-to understand either the syntax cr the use of
xplain the use of variables, and preject suggestions. that
llowed her to_explore some ‘simple uses of variables on her own,
e met by Derlene with a great desl of resistance. It was not until the class
begén to work on dynamics activities during the last two weeks, that Darlene took
& serious interest in variables. At this peint. she wanted to control the response
of the DYNATURTLE to a KICK command. Darlene was given the procedure,

COMMAND:

TO COMMAND

10 MAKE "LETTER KEY

20 IF :LETTER = "R RIGHT 30

~ 30'IF:LETTER = "L LEFT 30
40°IF :LETTER = "K KICK 30

END |

Da,rl,ene’s problem was to Enake the dynaturtle reach a target. Many of her

- strategies resulted in the TURTLE missing. the target and drifting off the screen

- (see Part'll, Chapter 6, Dynemics, for more about Darlene’s work with dynaturtle).
~~ To compensate for this Darlene decided that if the kick had a sironger effect the
. turtle would reach the target more easily...After being shown the COMMAND
- procedure, ard experimenting with various inputs to KICK, sha edited COMMAMD
~ to include an additional line: o R o
§0 IF :LETTER = "F KICK 2000
Later, she lﬁé;dfta make the TURTLE move rnére slowly so Ehél it could land mere
softly on the target. This time she added the instruction:

60 IF :LETTER = "S KICK 10 S |
In this way she began to understand the use and syntax of veriables.

41



4, Deborah .

'Debarah is cansndered to be a balaw average sudent by her teachars She has

taachers She presems gaad exampla of a "slow nearner Her mast recent-
natmnal achlevement test scores. place her i in the ESlh percentlle .

Deborah began by bemg extremely timld and dependant m mteractlans with the
camputer It was not until the eighth class that she had enough confidence to use
the carriage return at the end of a line of instructions. “She experienced great
difficulty with simple projects. - Starting at the.8th session, she was encouraged:
to "explorg" with direct ‘commands: FORWARD, BACK, RIGHT, LEFT, circles and

“arcs. She was able to gain confidence when exploring. by limiting herself to. very

few commands and input numbers, which she. repeated over and over. By
intuitively choosing input numbers which make very nice designs (905 and 30s, for
example), she was able to produce interesting effects. Gradually she learned to
write prncedures. to teach the cumputer to draw the desngns she hked '

By the end of the series of classes she had created some unusual deslgns which
won praise from her classmates, had carried out (with some help) a major praject
requiring the use of planning and subprocedures, and had a strong confidence in
her abiiity to use the computer. She had invited both of her parents to visit the
class, and they remarked to the LOGO teacher that: this was the first time that
Deborah-had been excited about anything in school. Deborah’s classroom teachers
report that she has also becane more asaertwe in class, has asked for extra help
after schaal etc.

1. Débcrah’s Working ! Slyle

The key to Deborah’s success was her strategy of working with the computers..
Deborah was able to slowly build her confidence and understanding by limiting her

 choices of LOGO commands and inputs, limiting the gaals of her work, and by

working in a way that minimized the chances of error. It was as if Deborah
mvented an unstated set of “rulas” gavermng her wark in LOGO which helped her

--she used a saverely limited number of cammands FDRWARD RIGHT,
' LEFT, RARC, and LARC;.

--ghe limited the inputs she used vith these commands to multiples of
10, up to 100. If a larger effect was needed, she would use additional
steps, as in FORWARD 90, FORWARD 30. In fact, Deborah bagan by
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usiﬁg}ﬁnly_inputs of.30, and gradually expanded to include other
humbers, while continuing to uss 30, 60 and 90 as her favorites.

ééhéf'patiénééfih‘ a one-step-at-a-time mode of operation w}asﬂ quite

remerkable. ‘Her format was quite stereotyped. (1) carry out one .

TURTLE step (turn, move or penup); (2) check to see if that looks right
on-the screen; .(3) if s0, write down the step and continue; (4) if not,
- clear the screen, retype all the steps previously written down and try
.another. choice for the questionable ane. :

-=she rejected all suggestions that .-Ehe fnea*r;porata_ new ideas into her
work until she had thoroughly ‘mastere the ideas with ‘which she was
~ already familiar. - , . .

In shﬁr’t,' .-sha',crested a very limited "migrdﬁ’érl&“‘ of computer activities in which
she cauld function successfully. She gradually expanded her microworld as she -
became confident of her mastery of it. - "

The microworld which Deborah chose for herself, the world of FORWARD 30
RIGHT .80, is very nearly as rich as ell of Turtie Geometry. It includes squares,
triangles, circies, "stars”, “men", "rabbits", and a variety of ‘abstract designs, as
well .as the mathematical .concepts of perpendicularity, inverse operations, the
- Total Turtle Trip theorem, symmetry, similarity, ‘estimation of lengths and angles,
planning and debugging, and procedure writing. By repeating rotations of RIGHT
30, it is possible to turn the TURTLE 60, 90, 120, 180 or 360 degrees. Thus,
Deborah could make a square, make the TURTLE reverse direction, and make
simple: symmetrical designs by using only 30 as an input to RIGHT and LEFT.
Similarly, designs based on lengths of 30 TURTLE steps, fit nicely into larger units

of 90 or 120.(30 + 90) TURTLE steps.
By limiting her inputs to numbers such as 30, 60 and 90, Deborah actually
enhsnced the possibility. that her ‘exlorations would produce interesting resuilts.
- We do not know ‘why Deborah chose these numbers for her initial explorations,
“rather ‘than numbers ‘like 55, and 66; :or 34, 45, and 56, that are often chosen
initially by ‘many -other children. Deborah never appeared to calculate consciously
“that "three thirties make -ninety," ‘or ‘that “three sixties makes the TURTLE
reverse direction”. Throughout her work she was unwilling to combine inputs, and

‘never used:an:input greater than.100,

y'z-[;gb;iﬁh’s i'fwégk;;;jgring ;tvlje,g:LQ_GQ classes fell into three major phases: a period of
--g@vere-dependence and-insecurity; a period of exploration, creation of different
-~ designs and the gradul ‘Understanding -of -aspects .of Turtle Geometry and LOGO

<
-
iz
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programming; and a period of consolidating her learning by working on a major
project which took her several class periods to complete. These three phases
will. new be examined in some detail. ' '

2. Dependence and Insecurity

For the first seven classes, Deborah worked on "tesching the computer" to draw
her initials. She had a strong need to have every detail of her work be “"correct,”
and she seemed to be afraid of making mistakes. As a result, she needed
reassurance from the teacher for everything she did, and was unsure of even the
simplest details -~ such as typing a carriage return at the end of every line. She
was reluctant to write in her notebook, and easily lost track of what she had done
successfully.

During this period she would wait patiently for the teacher’s help, staring off
silently into space for long periods of time, if he was busy elsewhere. She had
good insights about where to move the TURTLE to produce the initials she was
drawing but she had difficulty understanding how to translate those insights into
LOGO commands. Although the project of drawing initials is an excellent
introductory LOGO project for many children, it seemed too complex for Deborah.
It clearly had a "correct” result, which Deborah needed to achieve. She would not
allow herself to experiment or to try out something that might not prove to be
"right".

During this period, however, she did develop some knowledge that she could use
later on. While making the TURTLE draw the “M" for her last initial, she
discovered that she could orient it correctly at each vertex by repeating turns of
RIGHT or LEFT 30. She was exposed to the idea of a procedure, although she was
not yet able to write one independently. She began to develop some facility with
the keyboard. When her initials were finally complete, Deborah had a feeling of
pride and "ownership,” despite the large amount of assistance she had required to
carry -out the project. (See Figure 4.1)
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Figure 4.1 ,

3. Expluratmn, and the Gradual Buildup of Skills a and Cunfzdence

Realizing that the initials project had brought out the most campulswe and
insecure aspects of Deborah’s. personality; the teacher suggested a different
appraa:h as soon as- the praject was finished. He "assugned“ Deborah the task of
axperlmentlng“ with FDRWARD BACK, FIIGHT and LEFT: cammands and the

_procedures RARC, LARC RCIRCLE and LCIRCLE, Althuugh Deborah was told to use
‘a variety of inputs with these cnrnmands, dunng her first permd of  exploration, -

she only used two inputs: 30 and 90. She used 90 ‘as an input . far the RARC
prﬁcedure, -and U"Ed 30’ far e!l other TURTLE commands

Once Deberah got mta expenmentlng made, the compulsnve need for success
was eliminated, and she began to feel sucsessful "without really trymg Deborah

: brcught her .copying skills into play, and develaped a good way of writing

procedures.. Once she had a desngn she liked, she would look at the terminal, to
find the last CLEARSCREEN ‘command on the screen. Then . she. would copy. into
her notebaak all the stsps following the CLEARSCREEN If she had mlstakenly
used a LEFT 30, followed by a RIGHT 30 to correct it, she copied both, choosing
to exercise no judgement as she copied. She was shawn how to put a title at the
top of the list ‘of steps in'her notebook, number eaeh line, put the command END

~at the battam. and type the entira pracedure on the termmal

: Sametcmes Debarah made mistakes ir; capymg When sha did, she had two ways
ol correcting them: first she checked that the steps on the screen were copied

correctly in- her.book; second, she checked that the steps in her book were
copied correctly in a prm:edure Her most common error was leavmz out line

‘numbers when typing her procedure. She could correct this herself, hnwever, by

retyping'as: much of the procedure as necessary. (She continued to increment line

~numbers by . ones, until near the end of the classes) When Deborah made a

mlstake, she wauld say l goofed. ln a wistful valce. and ask for help or

45
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" reassurance. As she gradually came to realize that she had ways of fmlng gaafs
Lo _<vﬂby herself she began. ta need help léss and less. .
; 'Deberah also used the werd "goof" in another context. When she was expmrmg
‘freely, 'she would say "I'm just-goofing -around.” There must have been an
unstated cannectlan in her mlnd batween the two uses of gaaf"

The. apprnach used in teachmg Debﬂrah during thls phaaa of her work was to
show her no more. than necessary *z help her accomplish her purposes. She was
shown EDIT (ED) and PRINTOUT (PD) ) help WIth editing, and very little else for a
long time. She needed to feel in control, and since she was: carefully limiting the
choices available to her, the teacher did the same. When an opportunity occured
to show her snmethung naw, the teacher made limited suggastmns, ‘which she was
éncauraged to accept or reject. . Deborah repeated successful activities over and
over again uiitil she was really secure with them, and ready to extend her
“microworld. She had c&ﬁiral of whether to accept or reject suggestlans, and
gradua"y became shle *o -accept them when she felt they were apprapnate

Durmg thls explcratary phase whlch Iasted far seven or enght class sessmns.

har first mdspendently initiated prucedura it graw nut of explaratary wark with
the RARC subprecedura -- repeatig RARC and i mcreamng the input by 10.

1N
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© - LRARC'20

6 RARC 40 

~ 7'RARC 50

"8 RARC 50
- 9:RARC 60
10.RARC 60

“ T1'RARC.70

" 12'RARC 70
. 13 RARC.80
14 RARC 80
15 RARC 90
- 16 RARC 90
17 RARC 100
18/RARC 100
* '19°RARC 100
20 RARC 10

. END

* - Anather design. became the pracedure, EYES made usmg RARC and LARG _

- cammands (See f:gure 4.3),

Figure 42
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1 RARC 90"

o 2 RARC 90

"3 RARC 90
"4 RARC 90
"5 LARC 90
" 6 LARC 90
7 LARC 90 I
8LARC 90 s
9 RARC 40
‘10 RARC 40
11 RARC 40 e
12 RARC 40" ,
14 LARC 40 EYES
15 LARC 40 |
16 LARC 40
17 LARC 40
END |

Figure 4.3

Deborah’s first use cf é{msubpracedure as a "building block” vame after ehe had
made a CIRCLE procedure using four RARC 90s. Deborah made a FLOWER
procedure by repeating a circle and a rotaticn. Deborah chose RIGHT 60 for the

rotation, which led to a figure which closed after six repeats and made a

symmetrical design (figure 4.4),

| A
. GCI\



. TOFLOWER -

- END

~was a six: pointed star.. When Deborah came: right b

1 CIRCLE
2'RIGHT.60
‘3 CIRCLE

4 RIGHT 60
5 CIRCLE -
6 RIGHT 60
7 CIRCLE

8 RIGHT 60
9 CIRCLE -
10 RIGHT 60
11 CIRCLE
END

7O CIRCLE
1 RARC 90
2 RARC 90
3 RARC 90
" 4RARC 90

Flgura 44 “

- Debarah’s rnast apectacular deaign was® daveloped aftar the whale class watched )
~a film: whuch 'showed ‘a_number of. cnmputer ‘designs. ‘Aimong’ the desugns shown

. drew-asix pointed star with the: camputer, wnthaut maklng a’ smgle mistake. “She -

. began by turning the TURTLE RIGHT - 30,°and proc
a c«:fnblnahan 'of FORWARD 70s; and. RIGHT 60s.’

i ‘and RIGHT . EG for the turns as’ cntlcal in allawmg her: to carry: aut the

y. “Her. strategy was to- ‘mo

ns needed are RIGHT 120 gt the: points of the star, and RIGHT 300

t to LEFT 60):at the inner vertices. ‘Deborah did:not seem to realize

' ‘wag alwaxs,repeating RIGHT 60 twa tlmas and flva times, At each’ pﬂmt ;

- she;ust kept: turning:the TURTLE until it was pointed in the. right. direction. At

- one paint ‘Deborah’ missed the: earrect dlrectmn, and continued repeatmg RIGHT
,.,50 fﬂr a total af ll tu‘nas untll the. cnrreet arientatmn was achneved (Fugura 45)

o class from the film, she =

aded - to draw the star: by uslng L
~Her- chmce ‘of RIGHT ED for the -

A ve the TURTLE: farward 70 TURTLE: steps, o
‘RIGHT 60 until the TURTLE was aimed in'the' right’ direction. " The.



. Figure 4.5

The teacher suggested an "easier” way farLD,ebarsh_ to teach the camputgr how to
make the star.. He suggested that Deborah teach the computer how. to make one
point, and then repeat that to make the star, Deborah accepted the suggestion,

and taught the computer:

TO TRYANGLE

1 RIGHT 30

2 FORWARD 70
3 RIGHT 60

4 RIGHT 60

5 FORWARD 70
END

Since TRYANGLE included the step, RIGHT 30, it did not work when it was used
as a subprocedure. Dekiorah noticed this when she tried to use it. The teacher
helped her remove the extra step, and reminded her to use RIGHT 30 as the first
step in her STAR procedure. - '

After Deborah had drawn the first TRYANGLE correctly, she wés_asked what

~ command she had to give the TURTLE next. She looked at the situation carefully
- and atter some time, said, “"LEFT 60!" She then tried it ‘and found that it worked.
~After that, she was able to build the star by repeating TRYANGLE, LEFT 60 until
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| 6 pamls were canstructed Hera is. her ﬁrneedure, STAR and the revised

- 'subprncedure, TRYANGLE:

TO STAR | To TRYANGLE .
1 RIGHT 30 2 FORWARD 70 ‘
" 2 TRYANGLE 3 RIGHT 60

3 LEFT 60 4 RIGHT 60

4 TRYANGLE 5 FORWARD 70
5LEFT 60 END

7 LEFT 60

8 TRYANGLE

9 LEFT 60
10 TRYANGLE

11 LEFT 60

12 TRYANGLE
END.

During this explu?atary phase Debarah gained a great deal of the knowledge and
. confidence ‘that seemed so difficult for her to- obtain ‘while trying to.make the
'cnmputer draw her initials.* She learned to control the TURTLE, to write
pracedures and to.use prm;edures as subpracedure& in.a "bmldmg—black' fashion.
~ At the same’ time she learned to’ interpret error messages, correct her work, and
to debug her procedures. Most important, she developed the confidence with the

B keybaard and the ccmputer that would enable her to carry out a majar pre_;ect ’

4, Debnrah‘s Mamr Prcuect - Drawmg a Rabblt Head

In. the ﬂxteenth class sessmn. Debgrah lndlcaled that she was ready to. tackle a

 major praject ‘She made a: drawmg of a rabbit (see figure 4.6a), and’ lmmedlately

-said "It’s too hard." A modification was suggested by the teacher usmg a square
~ head; and trlangular ears, that rmght be easler far her tn carry aut (See flgure
4, Sb) ' . , , _ 7
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Figure 4.6g , Fi igurei 4.6b

RABBIT
Figure 4.7

Debor:i began drawing the rabbit using direct commands. She built a square
using TURTLE steps of 70 and 60 to make a side of longth- 130, and repeated
- FORWARD 70, FORWARD 60, tor each side of the square. She then moved up the
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 side of the square to make the eyes. When she got confused, she cleared the

“.screen and tried again. When she hit ‘e snag again, she cleared the screen again,

"‘,_'vnfd_;témgbrérily, went-on to another project -- rotating her FLOWER' design and

- -repeating it. -

When Deborah came back to the rabbit project a few days later, she chose
FORWARD 90, FORWARD 329, as the commands to meke each side of her square.
After sevaral more-attempts o make the computer draw the eyes and the nose,.
the teacher suggested breaking the problem Into parts, and teaching each part to
~the computer. separately. Dsborah agreed to this and decided to teach the
- computer to draw the outside of the rabbit first.” She could not think of a name
_for this, andifiﬁ&;llfdééidéd*taéeaﬂ’it"‘HAT? (Ses figive 4.7a) "

ion, Deborah added. the eyes to the hoad, calling her procedure
LITTLEEYES. When she began to teach LITTLEEYES to the computer, she intended
to include, ali the steps following CLEARSCREEN, as usual. The teacher ‘explained
- that HAT and LITTLEEYES were bcih part of RABBIT, but that HAT should not be
part of LITTLEEYES.: : ' R ‘ '

In the next session, D

Her strategy of using 30 as an input helped her locate the eyes sucessfully in the
head. The sides of the head were.now 120 units long, and since she moved the
TURTLE across the head in steps of 30 units, she was able to center the eyes
- withno difficulty. (See figure, 475) o

When Deborsh began to work on the nose, she got really stuck. She had two
- different. problems to resolve: How to make the nose, and where to put it. The
‘teacher showed her how to separate.the two problems, and make the nose: all by
itself----forgetting about the rest of the rabbit for the time being. Then, once a

- good nose had been made, she ceuld work on placing the nose in the right
. position. o T SR

. Deba hp‘lmned to ﬁiaké'the;nﬂééféé ehiwn in _figi;re ‘4‘.—455;2,'1"'1'13 teacher showed

her haw to start with RARC, turn the TURTLE all the way around, come back to
the beginning using LARC; and then ravarse the whole process to make the other
side. - Deborah understood the ides, but nesded help warking it out. -Whenever

needed to turn’the TURTLE around she used RIGHT 90, RIGHT 90, (See -

she began to meke the rabbit's ear, she again demonstrated her
hoice -of inpule. She hiad moved the TURTLE to the top of the
Di ended three tries to make the first esr. The key

for to turn at the top. Since she had turned the TURTLE RIGHT




" triangle. In Deborah's first try, she turned RIGHT 90 four times, then RIGHT .
~RIGHT 30, RIGHT 30, for a total of 150 degrees. The far end of the ‘ea

20 at.the base of the ear, a turn of RIGHT 140 was needed o make an isoceles -
90,

id
line up easily with the top of the head. Her'second try was RIGHT 900 (mistake);"
followed by two RIGHT 90s, to straighten the TURTLE out agsin, followed by
RIGHT- 70, RIGHT 20, RIGHT 20, RIGHT 20, RIGHT: 20, for a net rotation of .150
degrees again. Once again, she had trouble lining up the far end. On the third try,
she turned RIGHT 90, RIGHT 30, RIGHT 20, for a total rotation of 140 degrees. .
This. made it easy to line up the far end of the ear, which happened to come out -
- almost exactly at the far end of the head.. At this point, Deborah wrote out all
the steps, and said "I can do the same thing on the other side. Should | give this
a name?" (See figure 4.7d). She then defined the procedure TO-EARS. -

At the next session, Deborah was helped to separate the steps that made the
ear, from the steps that set it in position. By doing so, she could use the same
subprocedure, EARS, to make ears on both sides. Her completed RABBIT is shown
in figure 4.7. , ‘ ' C

" At one paint.'whii'le working on the ears, Deborah rejected help fr"armr'thg teacher,
asserting her independence by proclaiming loudly, "I know what I'm doirg!"

~During the RABBIT project Deborah mastered soma as?pei:ts of LOGC and used
other concepts that she had not yet mastered. Some of Deborah’s learnings were:

~-first and foremost -- the idea of using subprocedures to break a large .
project into a group of small projects. o '

--that a subprocedure can have two parts, drawing the object (nose,
ear) and locating it, and that the same subprocedure {EARS) can be used
in more than one place. ' .

--that with patience, even complicated prx;b%erﬁs can be worked out lbyg
step by step using a trial and error approach (location of nose, lacation
and shape of ears). .

. =-that 90, 30 and 20 are really good numbers to use in_combinatiens (In
her entire RABBIT procedure Deborah used a iotai of 75 procedural
steps. - Forty-nine out of fifty-eight TURTLE commands used inputs of

-80;-30 or 20.) - | -

T

B ﬁfarr the first time, she de_velc:ped complete Gaﬁﬁdema in hérrability_ta
understand what she was doing (" know what I'm doing!”) while

o4
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Figure 4.7

T
HAT o HAT LITTLEEYES

Figure 4.7a

Figure 4,7b

sfe

WeF- LITTLEEYES FACE

RT 26 caARs

Figure 4.7c ' 55
| | ~ Figure 4.7d




- 50 RIGHT 90 )
. 55 FORWARD 50 (See Figure 4.7)

‘veborah L 415 What Deborah Learnec

recovering from the frequent errors she made. Perhaps this was really
the most important learning for Deborah -- not just to be in control of a
learning environment, but to know she was in control, to feel a sense of
mastery. To be able to learn from and not be daunted by her own
mistakes. '

With the completion of her rabbit project, Deborah had almast totally reversed
her initial feelings of dependence and incompetence. She invited her parents,
teachers and schno! principal to visit the computer lab, and in many ways,
demonstrated to her visitors and classmates her new found sense of confidence,
satisfaction and power.

Here is an annotated copy of the procedures that Deborah developed to solve the
piroblem of drawing a "rabbit" with the computer,

TO RABBIT RABEIT is Debo:ah's superprocedure
5 HAT HAT draws the outside of the head

10 LITTLEEYES LITTLEEYES draws the eyes

15 FACE FACE moves from the eyes to t!.»

20 PENUP center of the head and draws the nose

25 FORWARD 71

30 FORWARD 3_p—  move to the top of the head to draw an ear
35 RIGHT 20 orients the TURTLE to draw an ear

40 PENDOWN :

45 EARS draws one ear

60 FORWARD 3
65 FORWARD 60 moves over to draw the second ear
70 FORWARD 5
75 FOWARD 3
80 RIGHT 90 _ , :
85 RIGHT 20 orients the turtle to draw the second ear
90 EARS draws the second ear

END
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TO HAT

1 FORWARD 90
2 FORWARD 30
3 RIGHT 90

4 FORWARD 90
5 FORWARD 30
6 RIGHT 90

7 FORWARD 90
8 FORWARD 30
9 RIGHT 80

10 FORWARD 90
11 FORWARD 30
END ‘

TO LITTLEEYES
1 RIGHT 80

2 FORWARD 70 |
3 FORWARD 12 _j

4 RIGHT 90
5 PENUP

6 FORWARD 30
7 PENDOWN ,
8 RARC 20 =
9 RARC 20
10 RARC 20
11 RARC20 |
12 PENUP _
13 FORWARD 30
14 FORWARD 30
15 PENDOWN
16 RARC 20
17 RARC 20
18 RARC 20
19 RARC 20

END

(draws & box to make the outsicle of the

rabbit’s heed)

(See Figure 4.7a)
HAT draws e box of size 120 by
repeating FORWARD 90 FORWARD 30
to make each side of the box

(draws eyes of rabbit)
moves up the side of the head
(See Figure 4.7b)

locates the firs: eye

draws the first eye

_moves across the head to

locate the sacond eye

graws the second eye

o'
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TO FACE

1 RARC 20

2 RARC 20

3 PENUP

4 FORWARD 20
5 FORWARD 10
- 6 RIGHT 80

7 RIGHT 90

8 RIGHT 90

9 PENDOWN

10 NOSE

END

TO NOSE
1 RARC 20

2 RIGHT 90 -
3 RIGHT 90 _
4 LARC 20 _
5 RIGHT 90

6 RIGHT 90 _|
7 LARC 20

8 RIGHT 90 ]
9 RIGHT 90 _|
10 RARC 20
END

TO EARS

1" FORWARD 90
2 RIGHT 90

3 RIGHT 30

4 RIGHT 20

5 FORWARD 70
6 FORWARD 20
7 RIGHT 20
END

(locates and draws nose)

moves to bottom of eye
(See Figure 4.7¢)

moves to center of head
orients' TURTLE straight down
draws nose

(draws nose of rabbit)

draws an arc

reverses the TURTLE
traces back over previous arc

reverses the TURTLE
draws second arc

revarses the TURTLE

retraces arc, to return 7
the TURTLE to its starting position
(draws one ear)

draws the left hand side of ear

turns TURTLE total of 140 degrees 7
(See Figure 4.7¢c)

draws second side of ear
orients TURTLE straight down



5.1 Dennis’ Working Style

Dennis is a bright, articulate student who makes connections easily, and has a
strong desire to continually expand his knowledge. He began by being very
excited about using the computer, asking a lot of questions about what the
computer could do, and how to accomplish different things. Dennis had a lot of
difficulty-setting into a particular project. Although he quickly progressed through
a number of LOGO aciivities, he seemed to have difficulty with syntax --
remembering how to WRITE his file, or use a PRINT statement, or incorporate
variables into his work.

Dennis seemed to undarstand a concept rather quickly, but te have difficulty with
the details involved in using the concept. He liked to keep all his work “in his
head,” and only gradually accepted the idea of taking notes that might help him
with his work. Notes, once taken, were often left lying around the room. Having
worked out a series of steps to uraw a particular figure on the screen, he seemed
to have difficulty concentrating on the task of sccurately translating those steps
into a LOGO procedure.

Dennis eagerly sought new information and asked questions abyut new ideas. On
the other hand, he did not like to ask for help when he encoun:ered difficultias in
his work -- and often rejected "helpful sugigestions,” when they were offered. He
seemed to prefer his own independent, ideosyncratic ways of doing things, to
learning more efficient ways from another person. When he was asked, in a pre-
LOGO interview, "If you're stuck on something in school, what kinds of things do
you do?" Dennis answered: "I try to control myself te work harder on it, and if
worse comes to worse (sic) | just sit in the corner and sulk. i just try to deal with
it." - This approach to situations ir which he was “stuck” was quite characteristic of
his work in the LOGO classes.

One of the areas in which Dennis often had difficulty was taking a series of
successul steps already worked out on the screen, and translating them into a
LOGO procedure. He persisted for a long time nuinbering steps by ones, despite
the fact that he understood quite well the justification for numbering steps by
fives or tens. Since he often made mistakes copying steps, he cften had to make
laborious changes in his procedures. To compensate for the problem of forgetting
line, numbers, Dennis usually put many steps on one line, ile persisted in using this
technique despite numerous arrors which required that iie re-type long lines of
commands. It was more important for Dennis to use his method (numbering by
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ones, and putting many steps on a line) than it was for him to have a method that
made debugging easier (numbering by tens, putting one command on each line, and"
carefully keeping track of the line number).

It seemed as: though Dennis expected that bugs would not occur -- even though he
continued to make small errors throughout his LOGO classes -- and that he did not
have to work in a way that made debug ging easier. The irony was that he
understood the advantages, of the suggested methods, but persisted in using his
own, even though they were less successful, and caused him more problems later.
"It’s my funeral,” he once remarked in such a situation.

It is sriking to see a bright child persist in strategies known to be unsuccessful,
when alternative strategies are available.

Dennis seemed to be at loose ends during the first-few weeks of computer
classes. He explored a lot of different ideas, without settling in to work in one
particular area, or committing himself to a project. Finally, after a great deal of
coaxing, he agreed to work on a project which the teacher suggested -~ ¢, moving
car with spinning «:sels. He worked on this project for eight classes. Although
he had a lot of diiiculty carrying it out (see below), and was frustrated at several
points, he maintained a strong commitment to the project until it was completed.

5.2 Dennis” Work in Turtle Geometry With Triangles and Variables

Dennis’ work in Turtle Geometry was characterized by an excellent understanding
of the use of LOGO to create designs, by a good ability to estimate distance, and a
lot of problems with orientation and estimating angles.

Dennis worked on a series of short projects involving triangles. He started with
drawing a triangle, and continued to make an equilateral triangle, variable sized
triangles, designs using triangles, and a design consisting of nested triangles. This
work occupied five differant sessions mostly during the early classes, but including’
one.class near. the end,

He constructed his first triangle using a trial and error approach. For his first
attempt at drawing an equilateral triangle he used rotations of 128 and 110
degrees at the corners. When he copied his steps to make a procedure, TR}, he
made an arithmetical ‘error in combining angles, and wound up with the shape
shown in Figure. 5.1. '
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TO TRI

1 RIGHT 140

2 FORWARD 99

3 LEFT 88 - - - - (erroneous step)
4 BACK 99

5 LEFT 140

6 RIGHT 70

7 FORWARD 99

END

Figure 5.1

Although Dernis rea'ized that this was not what he expected, he drew on previous
experience in making a recursive design to create the patterned procedure
ULTRATRI:

TO ULTRATRI
1 TRi

2 RIGHT 80
3 ULTRATRI
END

Ret;urning to constructing a triangle, Dennis abandened equal lengths, and produced
a close approximation to a triangle. He called his procedure THRI (to distinguish it
from TRI).

TO THRI
1 RIGHT 140

2 FORWARD 99

3 RIGHT 130 .
4 FORWARD 110~
5 RIGHT 120

6 FORWARD 93
END

Figure 5.2

At a sgbsequent class, Jennis asked how to make a triangle of variable size, so
that he could make a design of nested triangles. The teacher explained that it
would be simpler to use variables neatly if he could make an equilateral triangle,
and that an equilaterul triangle had equal angles at each point. With this
information, Dennis was able to find the correct angle, 120 degrees, in five or six

€1
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tries. Dennis called his new procadure THRIL, snd his veriable, "S3.

TO THRI1:S3
1 FORWARD :$3
2 RIGHV 120
3 FORWARD :S3

4 RIGHT 120

5 FORWARD :$3
6 RIGHT 120
END

Figure 5.3

Next, Dennis began to niake a set of nested trianglas using the variable-sized
triangle he had already created. Ho wanted to meke a design that looked like this:

Figure. 5.4

While making it, he had a lot of trouble with the state oi the TURTLE: nrlentatmn
of the TURTLE before and after making the twangle,l re-oriéntation of the TURTLE
to move it vertically before making the next triangle; whether the pen was up or

down, etc. After struggling through seversl repetitions, he wanted to give up.

In the next class, he was reminded that he could make a pracedure to repeat the
group of steps that kept recurring, and he defined these procedures:

€2
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TO SECT:SIZE
1 LEFT 90

2 THRI1:SIZE
3 RIGHT 90
4 PENUP

6 PENDOWN
END

and

and

TO HAL SIZE
10 SECT :SIZE
20 HAL :SIZE
END

TO H1 :SIZE
10 SECT :SiZE
20 RIGHT 50
30 H1 :SIZE
END

He was content to leave these procedures as they were without varying the size,
but enjoyed the effects of a variety of inputs.
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BAL 140

Figure 5.5

At a later peint, Dennis came back to his variable triangle procedure, and followed
through with his original intention of making a cet of nested (riangles. At that point
he had a clearer idea of how to make use of variables, and a good strategy for
solving the nested triangle problem. He realized that if he could solve ine problem
of nesting a second triangle at the proper position inside the first triangle, that the
complete nested design could be drawn by repeating the same process over and
avaear, :

€4
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Figure 5.6

Derinis realized that the essence of the process wasﬁ to draw one triangle, move
the TURTLE forward half the length of the triangle, and rotate the TURTLE, before
repeating the same process with a second triangle, half the size of the first.

S
-

Figure 5.7

He had a problein determining how far to rotate the TURTLE before drawing the
second triangle. Resolution of this problem required a great deal of trial and error
with careful altention to detail. After about ten trias he was ready to settle on a

rotation of 55 degrees, as the corract amount to rotate the TURTLE. When he

‘looked carefully at the resulting figure, he was able to see that the two triangles
were slightly out of alignment. His next attempt, 60 degrees, was the correct
rotation to produce the effect he was seeking. ,

At this point he was able to talk through the necessary steps.
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"THRI1 :SIZE :

move forward half of :SIZE S

turn RIGHT 60 degrees, T

' repaat the whole process with s value of one haif of :SiZE "

His procedure became:

TO Q :SiZE

10 THRI1 :SIZE

20 FORWARD :SIZE/2
30 RIGHT 60 '
40 Q :SIZE/2

Dennis wanted to make Q stop, "when :SIZE is less tiun 10" Aiter some sdditional
canversation about the location of the stop rula in the procedure, he added line 35

to Q:
35 IF :SIZE < 10 STQ?
which had the desired effect.

Some things to notice about Dennis’ work with triangles and variables: he
consistently had difficulty with problems of TURTLE orientation, as in making his
HAL figure or in nesting the smaller triangle inside the larger one. He had no
difficulty with the idea of variables -- which he related to something he was
familiar with from math class. But he had difficulty with the syntax of using
variables -- where to put the dots, in both thc commands and in the procedur
titles. He seemed to understand the way in which his procedures functioned, and
was able to see how his descriptions of what he wanted to do translated into
LOGO. He never did carry through a project with variables entirely or: his own.

5.3 Cennis’ CAR Project

In class thirteen, the teacher insisted that Dennis commit himself to a long term

_ project. He chose to draw a moving car, with spinnin: wheels.. Once committed to
the project, he followed through on it for eight classes -- despite a good deal of

frustration with the detalils. . ; -

€6
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Figure 5.8

Rather than describe Dennis’ work on this project sequentially, we differentiate
between those aspects of the work that were 'easy for him, and those that were
difficult. We offer some spzculation about why so much of this project, which
would have been simple and straightforward for a student like Jimmy was so
difficult for Dennis.

Most of Dennis’ problems seemed to be in the area of "work habits™ and attention
to detail. Lack of attention to detail, combined with left-right orientation problems,
meant that a lot of Denns’ difficulties showed up as TURTLE state buge.

On the ather hand, Dennis rather easlly understood the important "concepts™ of the
project: how to use positive and negative inputs to the SPIN command, toget:.er
with a centered circie procedure, to make a wheel that spins around its own
center; how to use MOVET to move the car; how te use 45 and 60 degree angles
to make the fenders and body of his car; and how to use symmetry to mske his
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front window a "reversed” varsicn of his rear one. During the course of the
project he learned to make 1:5e of separate subgrocedures for sach pert of his
design, and began to number tne steps in his procedures by fives. .

In illustration of both the strccgths and weaknaegsas of Dennis’ work on this
project, consider the process Ly whizh Dennis made the windows for his car, which
took three class periods to com:tete.

At the end of class #15, Dennis had completed a series of orocedures that drew
the basic outline of the car as shown in figure 5.9. He wented the rear window
located pardliel to the body of the cer.

window, wanted here

TURTLEAhEFEV

Figure 5.9

Two suggestions were made to help him get started. First, that he draw the
window by itself on an empty screen first, and add it to the car as a separaie
procedure later; second, that he look at. the BODY procedure, to find the angl e to
use for the windows, ' o

Looking at the BODY procedure, Deﬁnié quickly noticad that the correct angle was
60 degrees. He then cleared the screen and easily drew a window, starting with
the TURTLE in the upright position: :

8
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. TO WINI

1 RIGHT 30 FORWARD 60 RIGHT 60 FORWARD 20 RIGHT 90 FORWARD 59
2 RIGHT 90 FORWARD 50

END

TURTLE start

N

L TURTLE finish

Figure 5.10

With the TURTLE in the vertical position, Dennis had no difficulty turning it right 30

degrees, going forward and then turning it 60 degrees to riake it horizontal. It

seemed as though he made use of the fact that 30 and 60 add up to a full S50

degrees in deciding to use 60 for the second turn, although this was never stated.

The distance estimates were also fairly easy for him tn make. The WINI
. procedure left the TURTLE facing horizontally to the left.

When Dennis attempted to pléca the window in the car, however, he did not
realize that he had to prient ths TURTLE vart|cally befare using hls WIN1

Dennls became very cnnfused e

When he came b;ack to working on the window, he was reminded that to orient his
window properly he had to begin with the TURTLE in an upright position. He had
decided to add another feature to the car, before drawing the window. A curved
antenna was added, completing the body, so that the turtle, now in position A,
needed to move to pusition B (shown in figure 5.11).

Figure 5.11

1 [ T 7
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~ After experimentation, estimation of distanc
- procedure: - R SRR

TQWIF'(WlHdQWm place)

1 MO HUBS BUM BODY ANT PENUP RIGHT 180 FORWARD 100 RIGHT 30 FORWARD
80 RIGHT '180 RIGHT 20 FORWARD 10 PENDOWN
2 WIN1 ' ' '
END -

This procedure accurately placed the turtle in an upright position before drawing
the window.  The subprocedure MO moved the car over, so that the entire picture
fit on the screen. The other subprocedures drew parts of the car. 'In typing the
steps: Dennis - ariginally left out two- commands: ANT and-PENDOWN. He had to
retype the entire procedure twice to replace them. He placed all the steps on
one line despite several discussions explaining how numbering steps' by 108 and
‘placing each step on a different line would make further corrections and debugging
aasier. - o , _ ' e :

At the end of the period Dennis forgot to save the procedure on his disk by
- writing a file! He had to repeat. the whole process again next time == including the
- exploration, since he had kept no notes. This time, he came out with a slightly
different location for the TURTLE -~ one which left the TURTLE tilted 1 degree
from the vertical. ‘ -

TOWP -

10 MO HUBS BUM BODY ANT

20 RIGHT 180 PENUP FORWARD 100 RIGHT 90 FORWARD £0 FORWARD 10 RIGHT 70
* RIGHT 180 LEFT 45 BACK 5 LEFT 6 PENDOWN |

30 PENDOWN WIN1

END

Dennis’ final version of WIP shows some improvement over what he had previously
done. The lines are numbered by tens. Edch line of WIP has a distinct purpose.
Line 10 draws all the previous parts of the car; line 20 moves the TURTLE over
to draw the window; line 30 draws the window,
He had no problem figuring out how to draw the middle window as a square:
TO WIN2 ' , ;
10 PENUP BACK 100 RIGHT 90 PENDOWN FORWARD 55 RIGHT 90
-+~ FORWARD 55 RIGHT 90 FORWARD 55 RIGHT 90 FORWARD 55
END | o -
: %0
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-He originally made WIN2 draw a square with sides of 43. When he decided to
change to a size of 55, he had to retype all of line 10.

Before Dennis began to draw WIN3, The teacher suggested that he make use of
‘symmetry by using the WINI procedure as a model, and draw the new window by
reversing the turns in WIN1, while keeping all the distances the same. Dennis
understood this approach and decided to use it. Once again he forgot that the
TURTLE had to be vertical before carrying out this aspect of the project. Finally
he recovered after being reminded to set the TURTLE heading up bafgre reversing
the steps of WINI. Finally Denms produced the pracedure WIN3: '

TO WIN3
+ .10 PENUP BACK 145 PENDOWN RIGHT 90 LEFT 30 FORWARD 60 LEFT 60
FORWARD 20 LEFT 90 FORWARD 50 LEFT 90 FORWARD 50 s

END

Once again, Dennis Ieft out PENDOWN in copying the steps, and had to redo the
whole line. The underlined steps are the steps of WIN1 reversed, although they
are not set off as a separate sub-procedure, or even accorded a line of their own
in WIN3.

Throughout this process Dennis was constantly frustrated by hls failure to
remember where the TURTLE had to be heading at the start of a pracedure like -
WINI; by his failure to take useful notes -- leading to the omission of steps like
PENDOWN; and by his method of including as many steps as possible on cne line
-- necessitating the retyping of an entire line, everytime he ‘made a typing error
or omission. Although all these problems were pointed out to him by.the teacher,
- along with suggestions for how to alleviate them, Dennis seemed to prefer to
struggle along with his awn methods rather than to ‘bother’ to take notes or put
each 5tep on. lts own line in a procedure. ,

5.4 A F’arallek‘ Between Twcs Prajects‘. and a _Qgeshon

An mterestmg parallel may be observed between details that occured in each of
two projects descrlbed maung the window for his car, and drawing the nested
triangles.’

In drawing the wmdow Dennis started with the TURTLE in an uprlght pnsltmn He
turned it RIGHT 30, then moved FORWARD 60 and then turned the TURTLE RIGHT
60, to make the top of the window. All this was done without any explanation =~
following a discussion in which Dennis decided to make the window slant at an

% 1
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| angle of SO dagreas, ta parallel tha BDDY af his CAR (aga hgure 5.12e).

A slrrular sltuatmn gccurred when he was ‘making the nasted equnlateral triangles.
The first triangle started in an upright position. - After: ‘completing -one triang;?,

- Dennis moved the-turtle forward half of its’ length, and once again, had to turn the

turtle right 60 degrees in this case, he did not "know" that the angle to tur'n was
60 degrees. and hed to establish it by means of a trial and error pracess of
successive apprﬁxsmatlans (see. flgure 5.12b). :

The queshan is == why was Dennis not able to make use of the knowledge he had
about 60 degree angles in drawing the nested triangles, when he was able to use
it in drawing the car window? Possibly he used the fact that 30 + 60 = 90 ‘when
drawing the window. - It is interesting to conjecture that he might have been able
to find the correct angle without experimentation if the first- triangle had been -
oriented at an angle of 30 degrees to the vertical to start with (see figure 5.12¢).

Figure 5.12a Flgure 5 126 Figure 5.12¢

5.5. Dennis® work With Dynaturtle

Dennis’ wark with Dynaturtle gave an opportunity for him to.discover new
strateg:es to solve problems in another domain. The Dynaturtle is a simulated
"Newtonian turtle" which follows Newtonian laws of motion, rather than regular

-~ TURTLE commands-(see. Part-II,. Chapter-6).--The-motion- of the dynaturtie can be

changed only by giving it a "kick” (impulse) in a given direction. Dennis was given
two games to.use with the dynaturtie: GAME1 required him to land the dynaturtie
on a fixed terget; LUNER required him to move & “falling” dynaturtle so that it
landed on a specified “landing pad”, rather than "crash™ cn the moon. (See Part I,
Chapter 5 of this report for more mfarmalmn about dynaturtle activities.)

- Dennis: worked on dynaturtle activities for all or part of three different classes.

He gradually began to show a lot more interest in the messages printad by the
different game programs. than in playmg the games themselves. (See eection 5.6,
below.) Dennis’ work with the LUNER game was eharacterlstlc of his approach to
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dynamics. The LUNER game begins with the turtle situated above, and to the left
of a platform on which it must land for a successful outcome. The initial
orientation of the turtle is straight up ~--as shown in fig. ‘5.13. If the dynaturtle is
not kicked, it will "fall" straight down and “crash”. (The LUNER program gives the
dynaturtle a steady downward "gravitational "kick." A

ATur‘t]e starts falling here

A

"~ Landing Pad
Figure 5.13

One fairly simple strategy for the game would be to quickly turn the dynaturtic
until it was facing horizontally to the right, then give it three or four kicks. The
combination of rightward velocity and continuing downward acceleration would be
likely to land it on the pad -- depending on the timing and number of the rightward
kicks. ' e

Dennis quickly realized that if left alone, the dynaturtle would fall to the bottom of
the screen and crash. He discovered that he could counteract this by _kicking -the -
dynaturtle straight up, temporarily counteracting the gravitational effect, and giving |
the dynaturtle an upward velocity. Most of the time he gave the-dynaturtie so
many upward kicks that it would rapidly rise off the screen (wrapping around and '
coming onto the screen again from the bottom) By the time he started to turn the
dynaturtle to the right, it was so far above the landing pad that a slight rightward

motion would cause it to-crash far to the right of the pad.

During his first two days of working with LUNER, Dennis and Harriet worked

together. She had adopted a strategy of turning the dynaturtie so that it was

aimed at the landing pal, then kicking several times. This usually had the desired

effect of landing in the right place, although at unneccessarily high speed. Although

Dennis watched Harriet at work he did not adopt her strategy when she was
. present. When he worked alone, however, he did adopt a version of Harriet's
" method and was able to be reasonably successful with the LUNER game. ~

Throughout his work with dynaturtle, it was not unusual for Dennis to type the K, - °

k]
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R and L keys very rapid!y (kicl: rught and hm. wlthaut laakirig at the Qll‘a:ts af

| “any of hns aetmns nefore typing new instructhﬂs

5.6~ Bgnms ‘Work with Prmtlnﬁ Msssa'ei snd tha E_ﬂnning of IﬂtEfEGtIVB

Frggrammlng

' Denms showed a lot of interest in usmg the cnmputer in an mterar;twe fashion,

Althaugh he did not undertake a major interactive praject his cnntmued lnterest

~indicated this as a possible future direction for him. From time to. time, in the
- early stages, he asked about uses of the computer- olher than Turtle. Genmetry,
and was shown 4 little bit about how to usé PRINT, arithmetic commands, and

simple list prncesslng He llfnlted his |n|t|al work with FRINT to rnakmg a damgﬂ af
a face. -

Denms devated one entire class to using the camputer 8s a typewntar/edltar for
a story ha was writmg about Julius Caesar. He did this by writing a procedure
with 63 lines, each of which printed a sentence. In the course of this task, which
took abaut two hours, Dennis also mastered the use of Cantral keys for edltmg

- While he wae warkmg wath dynaturtle, Dennis beeame lnterested in the messages

printed by the- computer at the end of.the game. These messages told the player
whether the landing had been saﬂ, rough. or a crash, depending on the dynaturtie’s
speed at the moment of impact. He complained that these messages were "dumb”,
and the teacher suggested that he change them. He stepped through the LUNER
procedure, and all its subprocedures, until he found the subprocedure FINISH,
which printed the messages Dennis spent almost all of one peru:d creating hls

own rather elaborate versuan of these messages:

TO FINISH

10 IF SPEED < 7 PRINT [WOWEEEEM!YOU FINALLY DID IT MY GOD YOUR SPEED

WAS ‘GOOD] PRSPEED STOP

20 IF SPEED < 25 PRINT [YOU ﬁDTTEN LOuUsY NO GOOD PLAYER YQUE SPEED WAS

SO FAST I'M SURPR]SED I'M NOT PEELING YOUR BODY OFF OF THE LANDING PAD A
SEGOND GRADER WITH THE ERA!NS OF AN AMCJEEA COULD DO EETTER THAN YOU JUS

- 30 PR!NT [HA'HA‘HA' YCU STUPID IENORANT DUMF‘ REALLY DUMB PLAYERN!

YOU DIDN'T LISTIN TO ANYTHING I SAID YOU CRASHED!! YES YOU CRASHED!
COM'ON NOW KLUTZO TRY AGIAN HA'HA'I-IA'HAAAAA“! HEH HEH HEE Hou!!

- “HEH HEH HEH HEH m PRSPEED STOP

‘T‘hraugh@ut his work on thse messages, Dennls appeared to be more deeply

mvalved with his work than he did on Turtle Geometry prejacts He laughad
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Denpds 000000000000 A Story Procedure

o

BIC -
PRINT [ "THE COOL HEADED MAM OF GENIUS WITH AN ERRATIC YEIN OF ]
PRINT [SEXUAL EXUBERANCE.UNDOUBTEDLY CHANGED THE COURSE ]
PRINT [OF HISTORY AT THE WESTERN EMD OF THE OLD WORLD", 1
PRINT [A OUOTE FROM THE ENCYCLOPEDIA ERITANNICA BEST]

PRINT [FPOTRAYS GRAIUS JULIUS CAESAR ON THE WHOLE. 1

PRINT [ 1

PRINT [CAESAR DID A LOT OF THINGS IN HIS TIME, EVERYTHING
PRIMT [FROM MRITING HIS “COMMENTERIES" TO CAMPAIGNING IN]
PRINT [GAUL, BRITIAM, AND MANY OTHER PROYINCES. HE UPDATED]

P wdNBUSWN B o

@ PRIMT [THE ROMAN CELENDAR WITH HIS JULIAN CALENDAR THAT IS QUITE:
11 PRINT CACCURATE. CAESAR IS SAID TO HAVE BEEN BORN IN 10@ B. C. 1
12 PRINT [THE 12 OR 43 OF JULY; HE WAS BORN IN THE ROMAN MONTH]

FRIMNT [QUIATILIS THAT WAS CHANCED TO JULY IN HIS HONOR. 1

FRINT C1

FRINT [CHESAR MWENT INTO POLITICS AS THE COURSE OF THIHﬁSJ
PEINT £, AND HIS EXPECTATOINS OF GOING TOO FAR AT FIRST]

FPRIMNT [HWERE NCT TOO HIGH. IN 63 B. C. CAESAR WARS YOTED]

PRINT [QUEASTOR (FIRST STEP IN ROMAN POLITICS). INJ

FRIMT [AROUNO &2 HE WAS YOTED AS A HIGH PRIEST. ANDI

FPRINT [IN 2 CRESAR MAS MADE PRAETOR (HE MWISHED HE]

FRIMT [GO HIGHER)>. AMD THEM IN 68 HE TRIED FOR THE]

PRINT CCOUMSULSHIP AMD KOM. 1

FRIMNT 1

PRINT [IN 24 BEFORE POLITICAL POWER CAESAR MARRIED CORNEL.IA]
FPRINT L. A DAUGHTER OF LUCIUS CORNELIA CINMA (A NOBLE OF ] ‘
PRIMT CGRIUS MARIUS/S ASSOCIATES). BUT LCIUS CORNELIUS SULLRAI
PRIMT [<A POLITICAL FIGURE IN ROME AND A VILIOUS OPPONENT ]
PRINT COF MARIS’SY ORDERED THE DIYORCE OF CAESAR AND CORNELIA)
FRINT [CRESAR DIDM’T LISTEN TO SULLA AND FOUGHT IN ASIA FOR]
PRINT CTHE ROMAM RRMY, HE THEN CAME BACK WHEN IN 78 SULLA DIEDI
PRINT L, THAT MAS THE SAME YERRHIS WIFE DIED. ]

FPRINT [ 1 : .

PRINT " ... AM ERRATIC YEIN OF SEXUAL EXUBARENCE". MEANING]
PRIMT [HE PPﬁEﬁELV DIDN’T ORLY FOOL AROUND WITH HIS WIFE. 3
FRINT LIT APPEARS THAT CAESAR’S SEXUAL EECHPDES WERE QUITE]
FRINT [FAR FETCHED EVEN FOR GREEK AND ROMAN STANDARDS. 1

FRINT [HE DANGEROUSLY HAD AFFIARS WITH POMPEY‘S WIFE . AND]

WU R W B0 N T B ) R 00 N i

o Il bl o Lad o L) Led il end B AT AT 0T N AT I I e W R S 0 R |
o0~ Ia

8 PRINT [CLEOPATRA THE RUEEN OF ALEXANDREA. YOU WOULDN’T THINKI
29 PRINT LTHAT SUCH A MAN OF THE LADIES WOULD HAVE HOMO-SEXUAL ]
. 4@ PRINT LRELATIONSHIPS ,BUT IT IS RUMCRED THART THIE WRS TRUE]
41 PRINT L[WITH KING NIEDﬂEBE§ OF BITHYNIA. 3
42 PRINT C1]
43 PRINT [CRESAR MAS KNOWN TO GO ON TO FIEHT MANY GREAT FAMOUS ]
44 PRINT [BATTLES IM GAUL WHERE HIS LOYALTY TO HIS TROOPS AND1
~4%5 FRINT CPRISOERS OF WAR WAS GREAT. HE FOUGHT BATTLES IN BRITAN]
46 PRINT [EUT THIS HIROIC CAREER ENDED BY MURDER AND NOTHING BEST]
47 PRINT C[DISCRIBES THIS THAN THE TWO ITEMS I HAVE HERE: 1l
43 PRINT C1 , :
4% PRIMT L0

50 PRINT [IF THE GREAT CAESAR HAD NOT DIED HE WOULD HE MIGHT HAVE]
%51 FR CLASTED 18 OR 15 YEFARS DUE TO A FEW EPILEPTIC SEIZURES. )
“Sz PR [HE MAS A GREAT MAN AND HE DID GREAT THINGS FOR ROME AND HEJ
w57 PR [MILL ALWAYS EE PEMEMBERED. )
SEMD

i

ERIC: - : ’ Figome 5.14
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talked to hlmsell chsarfully, and thought careful'y abnut each ward We rnay also

- “speculate that the wordins :~ chose for the messages indicate a lack of self-

" confidence in his own" sbllitms, ‘combined with a ‘strong belief that he should be
more succasaful thsn he is. , .

One lmarastmg .consequence of. Dennis’ work on mgsssgas fnr the LUNER game
“was that he became much more interested in landing the dynaturtie on the landing
pad, since this was required to activate the messages. He became quite
successful at the LUNER gama frnm this pumt on. ' '

By the tnme tha classes ended. Denms was ready to tackle a large interactive B
project. ‘He may do.so lf he has. a \urther nppartumty to use a camputer

" As his last ar.tivnty, on tha Iast day af c!asses, Dennis Iaft a messagagfar the MIT
LOGO Group; in his ﬁrncadure WERTS: »

TO WERTS = | :
10 PRINT [WELL ITS NOW A FiMAL GOODBYE T0 LOGO, S0 WHEN ALL THE EGGHE
ADS AT MIT LOOK-AT MY DISK l WANT THEM TO KNOW I HAD A 'd%&%h"' s HE
LL OF A TIME]. :
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Donald, a student who was new to the school this year, is considered to have
"above average ability" by his teachers. His most recent National achievement
test scores place him in the 73rd percentile as compared to National Norms. His
work in the LOGO classes was characterized by a good understanding of formal -

_approaches to problem solving, combined with some difficulty understanding details

of geometry. He was especially good at naming procedures’ ang~subprocedures,
using and understanding top-down planning, making use of mathematical@nalysis in
planning his work, and understanding the function of conditionals and’ itop rules, At
the same time, he tended to have difficulties working "experimentéﬁ?‘\“:with Turtle
Geometry -- often not quite sure where the TURTLE would move next.

6.1 Donald’s Working Style

Throughout his work Donald was extremely receptive to suggestions from. the

" teacher, often making use of new ideas before he fully urderstood them. In this

way, he was able to incorporate into his way of working, strategies that would'
continue to prove useful, as he gradually came to understand thersi through use in
more than one context. He seemcd to have the confidence that he could make use
of the teacher’s suggestions effectively and that he would cventually understand

_them, even if the concepts were a bit hazy at first.

=--dgE

Donald spent most of his ciass time on one long-term project: making the
computer draw an_elaborate head, which included a beard, hair, a hat anc a flower,
in additioi: to the usual features: eyes, ears, nose and mouth. lie worked for
twelve class periods on this projeci. He began by drawing a picture of what he
wanted the head to look like, and following the teacher’s suggestion, wrote out a
superprocedure to draw the head, using subprocedures to add each of the
features. In the course of his work, Donald had to estimate distances and angles,
use arc-and circle procedures, use procedures that repeat, use variables to control
size and angles, and especially, learn to separate a problem into parts, to make it
easier to solve. In addition, he used a recursive POLY procedure with a stop rule
to make a flower for his head.

Throughout his work, Donald had difficulty understanding the effect cé the state of
the TURTLE at any given time. He could not always predict where the next step

‘would occur. At times it seemed as if he had difficulty seeing exactly where the

" TURTLE was headed. The teaching strategy employed to help Donald deal with

these problems, was to help him develop tools of mathematical analysis in order to

-figure out the best way to aim the TURTLE, without relying totally on

‘experimentation. He was shown how to use a kind of "grid" to help him maneuver
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- the TURTLE sround his HEAD, and how to ;l,;i'gg:thgﬁ total a_ngl_g—"élready't';irnéd; by the

'TURTLEin & given situation, to decide how ‘much farther to turn it jiext. In
addition, he was shown how to break up even a small problem into parts. In
placing a mouth on his face, for exumple, he was able to separate the problem into

- threa. sub-problems: ‘the starting point for the mouth, the orientation of the

' TURTLE before drawing the mouth, and which size arc to use. Thus, he was helped

" to overconie obstacles that might have Interfered with his success while learning
principies of geometry, computer programming, design and planning. ' '

6.2 An Earl; roach to "roblem Solving

Example of Donald's Ap

‘As_an example of both the strengths and weaknesses: associated with' Donald’s
structured planning approach as-well as of his difficulty with visual approaches to
problem solving, we consider his construction of a:"house” from a square and a
triangle, -a common LOGO tusk, tackled by many-students at an early stage of their
LOGO experience. o ' '

At first Donald attempted an exploratory approach to solving this problem.  He
began by drawing -a triangle on the screen, making use of TRI, a state transparent
‘equilateral triangle procedure: ' .
Given a TRIANGLE procedure: - Donald spent a class period
' trying to add a BOX to it
like this:

Figure 6.1 - Figure 6.2

Donald’s basic strategy w.s to try to get the TURTLE to point A of the triangle,

and then use his BOX procedure. (BOX made a square by turning right) He had ,
 difficulty figuring out how to orient the TURTLE properly. Although he came ciose

by trial ard error, he had not kept notes, and did not realize how close he was.

BRIC e
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‘Donald’s difficulty was due to the fact that he had established an awkward
framework for the problem. He started with the initial anentatmn of the triangle.
He then had to deal with two disorientations -~ the problem of the "gap” between ..
the TRI and BOX procedures, and the tilted orientation of the whole shape. When
it was suggested that Donald make a plan by drawing a picture of the house he
was trying to construct, he drew a tilted house!

si-.f
'Figure 6.3

The solution that was suggested to hlrn at the next class was to drap the plar
which started with the triangle and to begin agaln, starting with the BOX. Once he
did this, he was able to analyze the problem in a w-y that made it unnecessary to
rotate the TURTLE to place the triangle on the BOX. He s;rnply moved the TURTLE
‘to the upper right hand cornei of the BOX, turned it around, and used the TRI
prc:.edure, so that the first leg of the tnangie was along the top ef the BOX.

TO HOUSE

BOX -

RIGHT 9@
FORWARD 1090
RICHT Y@
FORWARD 190
RIGHT 90

RICHT 90
TRI
.ND

\Mmﬂlzm‘:.m‘-hwwu

¢ Figurg 54

ry
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" Dunald's majar prjEﬂ, whlch lasted far !aur_ waeks and a;ccupmd twalve class

Flgurg § 5

After workmg on the project for a few days he modified his plan samewhat -and
drew this picture, whlch mmpllfled tha ears. and the hair, and added a moustache: .

\G‘fj\
L
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plan (with the exception of the moustache).

i
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Figure 6.7

Dcnald began by spending ene period lrymg to draw the gntlre head as a long
series of direct commands. At the next class he and the teacher sat down
tagether and developed a framework for doing the problem by breakmg it into
smaller parts. A superprocedure was written to serve as both an overail plan for
solving the problem, and as a procedure for drawing the head. ‘Donald included in -
his initial superprocedure the most important features which he mtended to include -
in the head. Additional features, such as the ears, hat and flower, were left to be
~ added later. Donald’s original superprocedure was:

- TO HEED
1 BOX
2 EYES
4 MOUTH
5 BEARD
6 FAIR
END
-Using a supar‘pro;edure, and tapiduwn planning was & major breakthl cugh for
Donald. It meant he could concentrate on one step at a time, and not werry about
having to lose or erase the picture of what had gone before. ‘It allowed him to
-Keep track of beth his overall goal, and of exactly what he had accomplished| at.
every stage of his work. After completing the EYES and NOSE, for examp.a, when
Donald gave the command HEAD. the: computer would draw tha head, m its
' —mcarnplete state (see ﬂgure 6.10) and prmt the fallawmg message:

YOU HAVEN'T TOLD ME HOW TO MOUTH
AT LEVEL 1 LINE 4 IN HEAD
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¥

Donald’s problem .of building the head was thus reduced to a series of separate
problems, which could each be solved in turn. Tor each fesuture, EYES, NOSE,
MOUTH, etc., Donald had to figure out where to locate the TURTLE to begin
drawing the féature, and the steps necessary to draw the feature itseif. In some
cases (MOUTH, BEARD, and HAT, for example), these two aspects of the problem
were closely interrelated. In others (EYES, NOSE, HAIR, EARS) the location of the
feature was relatively independent from the steps necessary to draw it.

To show how Donald solved the problem of building a head, we will first present
his overall solution, including his superprocedure and each of hig sub-procedures.
The procedures are annotated to show exactly how the solution was achieved.
Donald’s work in developing a few of his key subprocedures, MOUTH, BEARD and
HAT, will be analyzed in detail, to give a sense of how Donald worked on specific
problems in a step by step fashion.

Here are Donz'd’s annotated HEAD procedures;

70 HEAD (HEAD is the superprocedure)
1 BOX ) The subprocedure, BOX, draws the
2EYES ) outside of the head. The purposes
3 NOSE of the other subprocedures are __ N S
4 MOUTH clearly indicated by their names, | ;l!llﬂﬁ;ﬂi!il“ It
5 BEARD Donald originally wrote the pro- I » N
6 HAIR cedure up to line 6. Lines 70, s O = O I

- 70.EARS ' 80 and 85 were added later. L
80 HAT pa—
85 FLOWER , L
END

: ' Figure 6.7
TO BOX
1 FORWARD 100 BOX draws a square with =~ e
2 RIGHT 90 sides of 100.
3 FORWARD 100
4 RIGHT 90
5 FORWARD 100
6 RIGHT 90 _
7 FORWARD 100 B
END

Figure 6.8
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Donald

TO EYES

1 RIGHT 90

2 FORWARD 75
3 RIGHT 90

4 PENUP

5 FORWARD 30
6 PENDOWN

7 RCIRCLE 10
8 PENUP

9 FORWARD 40
10 PENDOWN
11 RCIRCLE 10
END

TO NOSE,
I PENUP

2 BACK 20

3 RIGHT 90

4 FORWARD 30
5 PENDOWN

6 RIGHT 30

7 FORWARD 15
8 LEFT 120

3 FORWARD 15 -

END

TO MOUTH

1 PENUP

2 FORWARD 20
3 RIGHT 135

4 PENDOWN

5 RARC 49
END

(EYES begins where BOX leaves off)

moves TURTLE to face up
moves upward along the box

draws first aye

- moves over to draw second eys

draws second eye

(begins where BOX ends)

moves over and down ta position
the TURTLE to draw the nose

draws the nose

(MOUTH begins where NOSE ends)

moves over {o starting point
sets starting angle for mouth

draws arc for mouth

Co
o

o0&

Figure 6.9

Figure 6.11
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TO BEARD

10 PENUP

20 RIGHT 45

30 FORWARD 69

40 RIGHT 90

50 FORWARD 20

60 RIGHT 90

70 RIGHT 15

80 REPEAT [STRING] 15
END .

TO STRING

1 PENUP

2 FORWARD 80
3 PENDOWN

4 FORWARD 10
5 PENUP

6 BACK 90

7 LEFT 2

END'

TG HAIR

10 RIGHT 15

20 BACK'©

30 RIGHT 90

40 FORWARD 50

50 LEFT 90

60 REPEAT [HAIRY] 25
END

25 times

(BEARD begins where MOUTH ends)
rotates TURTLE straight up
moves to top of head

moves to center of head

orients TURTLE to start
drawing beard

draws beard by repeating STRING 15 times

(STRING is a subprocedure of BEARD)

moves TURTLE forward with pen up

moves TURTLE forward with pen down C}@ @
moves back total distance with pen up ' /. B

turns TURTLE LEFT 2 to set up next N
STRING mmﬂm‘

Figure 6.12

(HAIR begins where BEARD ends)

reorients TURTLE, and moves over
to upper right hand corner of
the head to draw tha hair

draws hair by repeating HAIRY
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TO HAIRY

5 PENDOWN

10 FORWARD 10
20 PENUP

30 BACK 10

40 LEFT 90
50 FORWARD 4
60 RIGHT 90
END

TO EARS

10 FORWARD 30
20 LEFT 90

30 PENDOWN

40 EAR

S0 PENUP

60 FORWARD 100
70 PENDOWN

80 EAR

END

TO EAR

10 FORWARD 10
20 RIGHT 90

30 FORWARD 10
40-RIGHT 90

50 FORWARD 10
END

TO HAT

10 LEFT 90

20 FORWARD 30
JOLEFT 90 -
40 FORWARD 29
50 BACK 140

£0 FORWARD 3%

. 70 LBOX 75

79 .

END

(HAIRY is a subprocedure of HAIR)

moves forward and back to draw a hair

mcves over and reorients TURTLE to draw

the next hair-

(EARS starts where HAIR ends)

moves down the side of the head
to draw the first ear

LB

subprocedure EAR draws the first ear i:%.o @

moves the TURTLE across the head

subprocedure EAR draws second esr

(EAR is a subprocedure of EARS)

L

i

Figure 6.14

draws a three-sided bex té rmaka &n "ear”

(HAT begins where EARS ends)

inoves TURTLE to trp of head anﬂ

r,,

over to nghi hand corner

moves forward to starl hat
subprocedure LBOX :SIZE draws

" a box with sides of 75

g O

LTHUHBINE Fﬁ
DO p
£

i

Figuirg‘ 6.1
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TO LBOX :SIZE (LBOX is used as a subprocedure

1 FORWARD :SIZE of HAT)

2 RIGHT 80

3 FORWARD :SIZE :

4 RIGHT 90 LBOX draws a box of varizsble size

5 FORWARD :SIZE _

S RIGHT 90 -
7 FORWARD :SiZE ' mb;—rﬂﬁ‘%l

END

TG FLOWER (FLOWER starts where HAT ends)
10 RIGHT 90 A N
20 FORWARD 35 Imoves over anc orients TURTLE |IHNHITTTIITIT
30 RIGHT 90 to start drawing tha flower O N
40 RARC 75 draws the stem of the flower OLC) T
50 LEFT 90 centers the flower on the stem

60 BACK 5 S
70 POLY' 10 100 draws the actual "flower" _tpen |
END :

Figure 6.7

In developing each of the subprocedures outlined above, Donald had to solve iwo
related problems: how to use TURTLE commands to draw the fealvrs, and where
to place the TURTLE belore starting to draw the {eature. Az he worked, Donald
created each feature in the order listed in the superprocedyie, HEAL. Tha
subprocedure for. each new feature had tc begin where the previous ane left off.
Each new feature presented a new challenge, and since Donald had difficulty

" solving problems by experimentation alone, he needed to develop analytical ckills
in order to divide each of his subprocedures into its sub-parts, and to solve each
sub part. Donald’s work in drawing three key features, the mouth, beard anc hat,
will new be discussed in order to illustrate the problems he encountered and the
analytical skills he developed to resolve them.

Donald decided to use an arc procedure to draw the mouth on his head (eee figure
6.H). In crder to place the mouth en the face in a symmetrical position, Donald had
to coordinate four difierent aspects of the problem:

-~ where to piace the TURTLE in order to draw the mouth

-~ at which angle to orient the TURTLE to draw the mouth

-~ the size of the input to be used with the arc procadire
- == whether to use aright or left turning arc procedure.

Q : ) ' S’?
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Donald spent most cf one period experimenting unsuccessfully, varying these
elements in an uncoordinated way. The teacher than suggested working separately
on the different aspects of the problem to facilitate & solution. It was also
suggested that Donald clear the screen and work on the mouth by itself, without
the rest of the fac- ta simplify the process.

At the beginning of the next period, Dona'd sat down with the teacher for a
“lesson” on the geometry of quarter arcs. Since Donald imaw that four arcs made
a complete circle and that the TURTLE turned through 530 dugrees in completing a
circle, he realized through dizcussion, that each arc proscdure turned the TURTLE
90 degrees. Using this fact, and taking note of the horizontal position of the
TURTLE after finishing drawing the nose {figure 6.10), he was eble io. figure out
that the TURTLE had to be turned through ar angle of 135 degrees to orient it so
that it would draw a symmetrical curve,

e kT

Figure 6.16

Once he understood how to orient the TURTLE, it was easy for Donald to
determine a size ior the mouth that corresponded with the other features of his
head, and to locate the starting point ‘or the mouth by trial and esror. He did this
by moving the TURTLE over ‘rom where the nos: ended, until the =rc was
positioned symmetrically in the center of the head (see figire 6.11).

In crder to draw a beard on his head, Donald alss “acl i separate his preblem into
three different aspects:
--how to draw the beerd

=-where to locate a7 ariént the TURTLE io drew the baard

--hows to move the TURTLE to that »oint, from the point where the MOUTH

subprocedure ended.




Donald ) — 618 ~ Drawing the Geard

Hsre,rthe teacher provided a suggestion for drawing the beard, which Donald
accepled. The beard was to be drawn as a series of "iines”, all emanating from a
single point. As the TURTLE moved, it kept its pen up for most ¢? the line, putting
the pen down oniy to draw the "hair" sf the beard (Figure 6.17). :

!

PENUP

| ¥ rewoom At
STRING REPEAT [STRING] 15

Figure 6.17
In_ writing his procedure STRING, Donald decided how long the PENUP and

PENDOWN portiens of the line would be, as well a: how much to rotate the
TURTLE each time the line was repeated. Cnce ST+l was defined, he had to

figure out how rany repeats he wanted, :.: well as how to orient the TURTLE to

make the beard symmetrical. After a few iries he figured out that if he turned the
TURTLE RIGHT ‘15 (from a straight down position) uid repeated STRING 15 time-,
he would get a symmetrical beard (See figure 6.17;.

Now Donald had to center the TURTLE at tha top of the head, in order to draw the
beard on the face. (The TURTLE was crisnted a’ an angle of 45 degreas to the
horizontal after drawing the mouth. See fgure 6.31). A* first Donald tried to

orient it vertically by trial and error - but had difficulty finding the corract angle.

A short geometry lesson heiped him realize that ine TURTLE needed en additional
rotation of 45 degraes to be heading in the proper direction. From that point he
was abie to easily center the circle on the top of his head. He feund that he stilt
rieeded to move: it a distance of ten TURTLE steps helow the top of the head, in
order te locate the beard properly helow the mouth. The siepy required te
accomplish this are given in his procedure BEARD o

On
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In placing a hat on the head, Dmald once azim had to coordinate severai related
factors: , ,
-=-the size of the: box ﬁaeded to draw the hat itseif

=-the overall width of the brim

--the distance the TURTLE had to move in from the edge of the brim

before drawing the box, in order to inake it symmatrical.

This time Donald worked out the problem on his own, using a variable box
procedure, LEOX :5IZE, that he had developed at an earlier stage oi his work.
Once aguin, Donald had difficulty coordinating all the variables. This tie, he

invented a kind of “coordinate system” to he!p him keep track of what he was

doing: after each try he counted the "hairs™ on both sides of his hat to see if it
was centered. Altheugh his final result was not exactly syrametrical he was able

_ to obtain a satisfactsry solution using this approach (see figure 6.15).

6.4 Conclusisi

In summarizing Danald‘s work we note that his was the longest and most involved
Turtle Geometry project undertaken by any of the children in our trial classes. By

using the top-down mode of operation, he was able to understand both the overall
goal, and where he was in the process at any particular moment. Thus he was
able to mieet each challenge as just one small problem to e overcome, so that ha
did not becume discouraged about the whele project.

In the coursa of his work Conald encountered estimation of distances and angles,
the geometry of arcs and ciicles, the iotal turtle trip theorem, and the u=" of hoth

- grid-based and intrinsic coordinate systems. He learned to uss subprocecures and

cub-subprocedures, to use patfernad precedures making use of a- REPEAT
command, to make use of variablea i control the size and shape of his "het™ and
"flower” end to use a POLY procedure with o conditional stop ruie. Althoiugh
Donald only “earned” thaze apsioaches to the extent re assary to soive the
particular pyablems irnerent in his project, each succeeding us¢ of the same
concept, reinferdes his exposure tn Il dunpaning bis sence of mastary.

Perhaps the most striking thing abaul Donald’s work was tha: he was not usually
able to scive his problems by exparimeniztion and visual examination of tha
resultz. From his first HOUSE precedure; right through the HEAD, all the way to
the FLOWER, ke made une of analysis, cambirad with ekperimentation to solve his
problems. lic often needed help with the anslysis, but he ungsrstood the

o0
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analyticai techniques he was shown and he was able to make use of them.
Scattered throughout his notebook are little drawings on graph paper, either by
Oonald or the teacher, showing how he analyzed his work. It was his regular use
of drawings like these that distinguished Donald’s work from that of his classmates.
A few of them are presented here in figure 6.18.

g




7. Gary

Gary is considered to be "extremely bright" by his teachers. On his sixth
grade school achievement tests his overall score placed him in the 83rd
percentile. His teachers report that they find it difficult to find ways to
challenge him within his reguiar school program, while at the same time
reporting "peculiar gaps" in his academic knowledge -~ in the area of -
standard arithmetical skills, for example. -

Gary found LOGO to be an exciting challenge. He worked on four major
prugects each of which led to significant new learnirg in different areas:
using arcs and circles to draw a face; creating & simple math quiz; drawing
and ammahng a starship; and writing a computer program capable of
"understanding” Morse Code. During the course of his work, Gary mastered
the use of recursion and variables in a number of different contexts; he
understood the use of conditionals and “br anching”; he learned to write state
transparent procedures, and to use superprocedures with modular
subprocedures. | his last project he was beginning to make use of recursion
i list and word processing, and Iearned the concepts of "empty list" and
"empty word".

The teaching strategy used with Gary was ta cffer him simple models of a
particular kind nf precadure, give him the mfarmatiﬂﬁ he needed and Ieave

one phase af ) praject was ﬁn. ﬁed addlhgnal challénges were suggested '
occasionally he was asked to alter or improve his work. In this way, Gary
was able to move ahead on his own, at as fast ¢ rate as he wanted.

1. Gary’s Working Style

Of all our experiment.’ :ubjects, Gary, wha had had :ome prior exposure to
computers, seemed the mest predisposed to success in LOCY. He combined a
strong interest in computers with a learniny style tha. < nmpass ed both
analytical and trial-and- -error approaches. He absorbed naw ".eas voraciously,
and rarely had to be shown sumething twice. He tackled extremely ambiticus
projacts, and always siayed with a project until some kind of completizn was:
achieved.

Gary's work demonstrat :d some clear characteristics that sei him apart from most
of the other students: Gary easily understood the use of a procedure as an
entity, recognizing tne usefulness of naming a series of steps, and thereafter:
considering them as a "unit"; he oflen wrote procedures without trying out the
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i2s of steps could be considered to

vommand.

steps individually first, recognizing that the se
have a "total effect,” as though it were a 2ing!

Gary had faith in his ability to solve problems by reasoning as well as trial-and- -
error. He was constantly trving things out "in his head", making use of a number
of "abstract principles” to simplify and debug his work as he went along. A series
of FORWARD and BACK commands would easily be combined into one command.
Left/right reversibility would be used to correct an error. At one point, for
exampie, Gary had typed RIGHT 99, and realized from the effect that he should
have used LEFT 99. He then used the computer to add 99 + 99, and {yped LEFT
198. In writing his procedure later, he simply usec the correct co-ammand LEFT %3,
without ever having tried it explicitiy.

Gary tended to “plunge into a problem” impetuously, with very little advance
planning, drawing on a quick analysis, based on partially understood ideas. He
then enjoyed the process of debugging his original idea, or of moving in a new
direction, if his result was significantly different from what he had intended. In
the first class, Gary noticed that repeating a simple three step procedure made a
"pattern” that looked something like a "circle”. When another student suggested
making a smaller circle inside the first one, Gary started a smal investigation of
curvature. He began to make a new circle by usirg the same srocedure with
smaller ingputs. Whren his new circle came out larger than the original one, Gary
Was surprised and delighted. He then tested another approach -- make all the
inputs exactly half of the original, which led to a “circle” of almost the same size
as his first one. And so on, until ne had tried many variations.

Gary usually worked in a step-by-step ¢ashion, rather than nlan his work in
advance. While he generally had an overall idea of what he was trying to do, he
tended to incorporate subprocedures one after another, rather than to break _
down his problem into parts and plan his subprocedures in advsice. He showed
that he was capable of using a more structured approach. When he was asked by
his teacher to rewrite his STARSHIP prov «dure, he created a set of simple
madular subprocedures to draw the ciarship.

Gary often sought out bugs, testing for extreme cituations: the largest possibie
inputs, the largest number of REPEATS, situations which would proeduce errar
messages, as a way of urderstanding .both the capabilities and limitations of the
computer, bayond the needs of any specific project on which he was working.

Gary’s wark wes goal-directed and ambitious. During his seven weeks of LOGO
classes he worked on four major projects. While he enjoyed brief detours, such
as the “circla” exploration described above, his work was usually directed quite

03



Gary . 7.3 —___Gary: Drawing a Faze

specifically at his particulsr immediate goal. Between projects, he.often appeared

to be restless; once a new task was selected, he was off and running again.

2. Gary’s FACE Project

Gary’s first project was to draw a complicated "face” built from a large number of
. subprocedures. The project involved learning to use superprocedures,
subprocedures, and a great deal of Turtle Geometry. Gary used functicnal
procedure names, abbreviated procedure names, end "nonsense” names, all in a
rather elaborate scheme to "hide" the sub-procedures which actually “"did the
jeb". This complex hierarchy of subprocedures was extremely difficult for Gary
_himself to debug, and he often had to trace through the entire “trec structure™ of
his project to find a bug in a particular procedure.

F AICE

ENM

/E\ NOSE \MQUTH

EY"ES '
FOO6 Fo07 FCO8

FOO5

In carrying out his FACE project Gary quickly developed a facility with Turtie
Gecmetry: basic TURTLE commands; RIGHT/LEFT reversibility; mastery of 90
degree angles; the geometry of arcs and circles; and the use of an implied axis
of symmetry. Although his design was symmetrical, it was not constructed by
simply reversing RIGHT/LEFT commands to make it symmetrical about its center.
Gary’s more complex method invéived working "fram the outside, in." To draw
the eyes, for instance, Gary maved the TURTLE to the outside of the right-hand
circle and drew the circle. Then he calculated the distance of two diameters,
moved the TURTLE to the outside of the left-hand circle, and drew that circle.
(See Figure 7.1, and Cary’s procedure, FOO6). :

f“- o
Jda



Figure 7.1

TOFACE TOENM TOEN TOM
.10ENM ICEN I EYES I MOUTH
END 20 M 2NOSE  END

TONOSE TOEYES TO MOUTH
1 FOG7 1 FOO6 10 FOO8
END END END
END

T FOO6 |

1 FOO5

2 PENUP

3 LEFT 96

4 FORWARD §0
5 PENDOWN

6 RIGHT 90

7 RCIRCLE 45
8 PENUP

9 RIGHT 90

10 FORWARD 160
11 LEFT 90

12 PENDOWN
12 LCIRCLE 45
14 HIDETURTLE
END

Figure 7.2

g
<




Gary _ 75 Making a Math Quiz

TO FOO5 ~ TOFGO7

1 LCIRCLE 90 1 PENDOWN

2 RCIRCLE 90 2S

END 3 FORWARD 100
4 RIGHT 99

TO FOOS8 5 FORWARD 30

I PENUP 6 RIGHT 30

10 PENUP 7 RARC 10

20 FORWARD 70 8 RARC 10

30 PENDOWN 9 HIDETURTLE

40 RIGHT 90 END

"0 PENUP

55 RIGHT 90 ‘ 70§

60 FORWARD 166 6

70 RIGHT 90 10 PENUP

30 FORWARD 79 20 SHOWTURTLE

90 LEFT S0 30 LEFT 96

100 PENDOWN 40 FORWARD 80

110 LARC 80 50 LEFT S0

120 HIDETURTLE 50 LEFT §

END 70 PENDOWN
END

3. Gary’s Math Quiz

Gary’s second project involved the use of conditionals, PRINT statements, the
naming of variables, and random numacrs to create a "maih quiz” which gave a
user a series of two-digit addition problems. Although he planned to extend the
project to include subtraction, multiplication and division, he decided to go on to
other activities after completing the addition portion of the quiz. Durisg the
following year, Gary went back to this projeci and completed it, making use of
LOGO comp: ~rovided by iis school system.

While working on the math quiz Gary encountered an interesting bug which was
typical nf the kinds of probiems that often resulted from Gary’s working style.
Gary would plunge .nto a probiem "headfirst”, with very little planning or
considerstior: for the effects of an action that might go beyond his focus of tho
morrent. In making his math oz, he originally hei 5 set of procodures named
MATH, MATHI, MATH3. He decided that they were crderes incorractly, snd sc
decided to EDIT the litles of the procedures, so that the superproredure would
be called MATH, the first subprocedure would be MATH!, the sscend, MATH2,

etc. Whal he forgot while dring this, was that he wauld #lso have to change all -




the procedures themselves, so that they would be calling the correct
subprocedures. - When he finished changing the nanes around, all his procedures
suddenly etopped working. He was able to debug this situstion himeelf by printing

out his procedures and “playing computer”.



Gary M7 Making & Math Quiz

TO MATH .

10 PRINT [WOULD YOU LIKE TO HAVE A MATH TEST?)

15 MAKE "ANS REQUEST

20 IF :ANS = [YES] PRINT [WELCOME TO THE WORLD OF MATH!] MATH1 STOP
30 IF :ANS = [NO] PRINT [O.K. COME BACK AGAIN!] STOP

END

TO MATHL

5 MAKE "NUM1 WORD RANDOM RANDOM
6 IF FIRST:NUMi1 =0 GO S

7 MAKE "NUM2 WORD RANDOM RANDOM
BIFFIRST:NUM2 =0 GO 7

10 PRINT { SENTENCE [%%] :NUM1 )

15 PRINT [+]

20 FRINT ( SENTENCE [%%] :NUMZ2 )
21PRINT 1]

25 MAKE "ANS TYPEIN

30 TST :ANS = :NUMI + :NUM2

40 IFTRUE PRINT [CORRECT!; MATH2 STOP
50 IFFALSE PRINT [TRY AGAIN!]

60 GO 10

EEND

TO MATH2

10 PRINT [¥/OULD YOU LIKE TO HAVE ANOTHER PROBLEM?]

29 MAKE "ANS REQUEST

30 IF :ANS = [YES] PRINT [O.K. HERE WE GO AGAiN!] MATH1 STOP
40 IF :ANS = [NO] PRINT [ALL RIGHT SEE YOU NEXT TIME!) STOP
END :

TO MATH3

5 PRINT [WELCOME TO THE WORLD OF MATH!]
10 PRINT [17 + 28=]

20 MAKE "ANS TYPEIN. ~

30 TEST :ANS = 17 + 28

40 1FTRUE PRINT [CORRECT!} STOP

50 IFFALSE PRINT [TRY AGAIN.]

60 GO 10

END
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4. Gary’s Starship Project

Earys lhird major project was the drawing and enimation of & starship (Figure
7.3). At first he constructed a long, invelved step-by-step procedure, which

reql.nrad some involved, rather frusirating debugging. Gary’s debugging resulted
in the addition of even more lines to his one basic procedure. ,

Although Ggry successfully debugged the procedure, his tzsacher suggested that

he rec» the entire project, making use of simple procedures and subprocedires.
Thus txﬁne. having axpsﬂenced hﬂth extramaa == an unneceﬁanly complex

praceﬁvre for his ST ARQ-&P Gs’y mtructed a sat of modular ﬂbproeedu-es to
draw the starship: . .

0O ¢
LN 7
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Old Starship Procedure w

TO STARSHIP
10 RIGHT 90

20 FORWARD 100 o
30 LEFT 90 STARSHIP

40 FORWARD 50 a

50 RIGHT 180

60 FORWARD 100 Figure 7.3

70 PENUP

71 LEFT 180

72 FORWARD 50

73 LEFT 90

74 FORWARD 100 Naw Starship Procedures

75 RIGHT 90

S0 LEFT 90 . TO STARSHIP TO STA TO WINGR
95 PENDOWN 10 STA 5 WRAP 10 MO

100 FORWARD 100 20 WINGR 10¢C 20 RIGHT 90
105 RIGHT 90 70 WINGL 20 LI 100 '~ 30LI50
110 FORWARD 50 END END 40 MOVE
120 LEFT 180 _ : END

(continued, next page)




(O Starshipg cont)

130 FORWARD 100
140 PENUP =
141 RIGHT 180
142 FORWARD 50
143 RIGHT 90
144 FORWARD 100
145 LEFT 90

155 PENDOWN
160 RIGHT 90
170 FORWARD 30
180 LEFT 90

190 FORWARD 30
200 LEFT 90

210 FORWARD 60
220 LEFT 90

230 FORWARD 60
240 LEFT 90

250 FORWARD 60
260 LEFT 90

270 FORWARD 30
280 PENUP

290 LEFT 90

291 FORWARD 30
292 RIGHT 90
300 HIDETURTLE
310 PENDOWN
320 RCIRCLE 10
330 LCIRCLE 10

340 PENUP FORWARD 30

345 PENDOWN

350 RARC 10

360 RARC 10

370 PENUP RARC 10
380 RARC 10

390 LARC 10-

400 LARC 10

410 HIDETURTLE
END

(New Starship, cont.)
TO WINGL T0 MO
10 MOV 10 RIGHT 90
20 LEFT 90 20 FORWARD 100

30 L1 50 30 LEFT 90 .

35 RIGHT 90 END
END

T0C
10 5Q! :
20 PENDOWN RCIRCLE 10
30 LCIRCLE 10
40 PENUP FORWARD 30
60 PENUP REPEAT [RARC 10] 2
70 PENDOWN REPEAT [LARC 10] 2
0 PENUP REPEAT [LARC 10] 2 -
90 BACK 30
END TO SQ.
5 PENUP
10 RIGHT 90
20 FORWARD 30
30 RIGHT 80
35 PENDOWN
40 FORWARD 30
50 RIGHT 90
60. FORWARD 60
70 RIGHT 90
80 FORWARD 60
90 RIGHT 90
100 FORWARD 60
110 RIGHT 90
120 FORWARD 30
130 RIGHT 90
135 PENUP
140 FORWARD 30
150 FORWARD 20
END

101

7.10 _Drawing a Starship

TO MOV
10 LEFT 90
30 RIGHT 90

TO LI iLE
5 PENDOWN

10 RIGHT 90

20 FORWARD AE

30 LEFT 180

40 FORWARD 2 & 1E
50 RIGHT 180

60 FORWARD LE

70 LEFT 90



Gary - , 711

5. Gary’s Morse Code Project

For his last project, Gary decided to create a Morse Code Translator as the first
step of a project to actually transmit morse code over radio waves, which he had
read about in a computer hobbyist magazine. In creating the Morse Code
translator he made use of FIRST and BUTFIRST comands in connection with list and
word processing; his recursive procedures used the concepts of "emply word”
and "empty list” in their STOP rules; and he used conditional statements to
decide which particular set of Morse Code symbols to output.

The morse code translator was built up by first creating a lengthy procedure,
CODE, which output the correct sequence of dols and dashes for any letter or
number:

TO CODE :LETTER

10 IF LETTER = "A OUTPUT ".-
2U iF (LETTER = "B QUTPUT "-..
END

The precedure PRI: WORD prints the correct sequence of letters for an entire
word: ‘

TO PRI :WORD

10 IF :WORD = " STOP

20 TYPE CODE FIRST :WORD
30 TYPE "/ :
40 PRI BUTFIRST :WORD
END

PRI "HE1! 0

The procectre PR12 :SENT, prints the correct sequence of letters for an entire
sentence:

freul,
‘g::‘
i



Gary _ iz A Morse Code Trenslator

- TQ PRI2 :SENT
10 IF :SENT = [ ] STOP
20 PRI FIRST :SENTENCE
30TYPE"
40 PRI2 BUTFIRST :SENT

PRI2 [HELLO HOW ARE YOU]
wbmlimad o mmmfomfomfomf foimemfommfmf

In creating these procedures Gary had to understand the difference between
words and lists, and how this effecied the wording of the stop rules in PRI (which
manipulated words) and in PRI2 (which manipulated lists of words). He also had to
carry out a process of trial and error to dotermine the location of the stop rule in
each procedure. When the series of LOGO classes ended, Gary was engaged in
the process of reversing the code -- that is, writing a set of procedures which
would take a string of Morse Code symbols as input, and print out an English
sentence. ‘

6 Conclusions

Gary absorbed a great deal in approximately 25 hours of LOGO classes. His
projects involved a number «f different content areas: Turtle Geomelry,
interactive programming, animation, list processing, ete. His enthusiasm remained
at a fever pitch throughout the series of classes. Gary actively resisted leaving
class each day and when the cycle of LOGO classes was finished, Gary halped
establish an after school "computer club,” so that he could carry on his work,

The computer activities provided the kind of challenge and the scope of
intellectual activities that Gary wanted and needed to develop his abilities most
fully. The fact that this challenge and scope was not always present his regular
classes was attested to frequently by his classroom teachers. A LOGO cspablility
in a classroom could help teachers meet the needs of students like Gary.
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8. Harriet

Harriet is one of the brightest, most academically successful students in our
experimental sample (her national achievement test scores placed her in the 939th
percentile). In her regular school work, Harriet loves reading and writing, but
finds mathematics and science “boring™. She enjoys “playing with words," and
prides herself on the uniqueness of her ideas.

While Harriet was one of the most able LOGO students, she was one of the least
enthusiastic. She carried out twe interesting and unique Turtle Geometry
- projects, but announced that she was "bored with drawing pictures”. She rarely
initiated project ideas, but responded very well to suggestions. She carried out
two complex advanced projects: programming the computer to play “tictactoe”,
and writing a program that would generate a series of madlib stories, by randomly
substituting nouns, verbs, adjectives, etc. for those in the original story.

Harriet seemed to like the idea of each of her large projects, and was very quick
to learn the LOGO commands and programming ideas necessary to carry them out.
Although she found the necessary detsiled work of planning, typing, testing and
debugging to be cuite tedius, she worked quite steadily over & number of class
periods, and finished both projects quite satisfacterily.

Harriet was extremely responsiv: to the teacher’s sugestions. She could often
understand and absorb a new idea at the firsi hearing -~ resolving mir :r
problems by experimentation. Harriet was alse responsive to error messages
from the computer, corrected her mistakes when she could, and was conscientious
about asking for help when she needed it. Harrie* enjoyed helping others and
developed a strong relationship with Tina, whom she regularly helped with details
of her LOGO work. -

8.1 Harriet’s Working Style

Harriet’s way of working in the LOGO classes offered a clear demonstration of the
skills and strategies that make her an extremely successful student.

projects and sticks with them.

Harriet chooses interesting

She has a sense of wha! it means to be “creative”, and has the ability to carry it
off. Her ideas are always a little bit different than those of her peers, and
Harriet values this. Harriet recognizes the value of completing a project, and is
willing to continue with the work necessary to fill in the details of an idea, even
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after it is no longer "fun” or "creative”. In thig way, i:ur completed work tends to
have a superior quality. On the other hand, whii: si-aplating a project, Harriet
‘would often declare that the necessary work was “"beiing”.

Harriet is willing to exuiore sn-her own

She attends to crror messages, and corrects herself when she can. When she
gete stuck she immediately asks for help -- and is usually av-ere of exactly where
the confusion is.

Harriet's dribble files revealed s lat of explcratory activities. She would uy eut
new commands, and was sble to debug spe'lin~  gyatax errars by interpreting
the error messages she received. If she w. anfused the first time a particular
bug appeared, she would usually know exactly what tc do the second time.

Harriet follows directions explicitly.

She absorbs new approaches without being confused. She appiies the same
appraach of cenfident exploration te new ideas she has been taught, that she
applies to her own experimentation. Only when a bug appears does she ques'ion
what she is doing, and ask for help. Harriet’s two lirge projects, her TICTACYOE
game, and her MADLIB story generator, both involved her with the use of new
LOGO commands, new syntax and new programming ideas. She seemed to absorb
most of these ideas on first exposure -~ copying a formula, rather thar analyzing.
Occasionally this led to a bug which she did not understand. Usually it led to
success in using the new idea with little difficulty.

Harriet adds her own creative variations to other people’s ideas.

Harriet can easily find a new "wrinkle” or & ¢ eative way to do something. Her
first project (SMILY -- see below), was a totally unique way to draw a face. She
used an extremely clever set of words, to make a funny set of stories, in her
madlib project. In this way, Herriet was abie to adapt someone else’s idea ~- a
madlib procedure, for example -- and make it uniquely and specially her own,

There were, however, some aspacts of Harriet’s work that tended to interfere
with her success as a student. .
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Harriet did not show much initiative in chcosing projects.

Like Gary, when she finished cne piece of work, Harriet tended to feel aimless, at

-loose ends, until she had redirected her energy. At these times she seemed to

want direction from another parson. When offered a choice of alternatives, she
was able to easily choose among them -- but the ideas themselves did not come
easily to her.

Harriet's major approach seemed to be "exploratory” rather_than “analytical.”"

She was very comfortable at the "try it out, and debug i.,” epproach; but much
less successful with planning and using analytical techniques to solve problems,
and avoid difficulties. (See below for clear examples of this difficulty in Harriet’s
work with Turtle Geometry).

Harriet tended to get bored with the details of a project, long before it was
completed.

She would persevere out of a commitment to "completeness"”, rather ti.an out of a
sense of enjoyment of her work. This left ier with a rather anti-climatic feeling
at the end of a project, rather than the salisiaction of a job well done.

* In part, this kind of feeling is a result of her lack of analysis -~ she weuld start a

long project, intriguzad with the idea, not realizing hew much detailed wark was
involved. Partly it was a result of the complex projects that were suggested to
her, to give her a better sense of whzt she could accomplish with the computer.
She seems to have had some difficuity finding the proper balance between the
originality and power-of what she wanted the computer %s do -~ and the

“complexity of detail needed to bring it off. (See a discussion of Harriet’s

TICTACTOE and MADLIB projects for more de-ailed Jescription of this kind of
dilemma.)

8.2 Harriet’s Work with Turtle Geometry

Harriet started out with an excellent sense i how to manipulate the TURTLE,
together with a strong desire to explore beyond what she alrady knew, to find
new ways of using the computer. When she was being shown how to use
FORWARD and RIGHT commands for the first time, Harriet was already asking how
to leave spaces in a drawing (she was iinmediately shown how to use PENUP and
PENDOWN) As soon as shs began drawing with the TURTLE she asked about
making curved lines. She quickly got inte spinning designs, reversing spins, and

finding the largest input she could to a SPIN command.

10g



Harriet 84 - Turlle Geomatry

Harriel's very first TURTLE drawing exploration I. %o a project taking three cluss
periods to complete -- her unique "smily face.” (Figure 8.1)

1 EYES

4 TEETH
2 MOUTH e

| )
TO SMILY \/

1 EYE

2 MOUTH

3 SMILE

4 TEETH - Figure 8.1
END ,
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TO EYE TO SMILE

1 FORWARD 99 1 LEFT 30

2 PENUP 2 FORWARD 30
3 LEFT 90 3 RIGHT 30

4 FORWARD 20 4 FORWARD 30
5 LEFT 80 : 5 FORWARD 10
6 PENDOWN 8 RIGHT 30

7 FORWARD 99 7 FORWARD 30
END END

TO MOUTH TO TEETH

1 PENUP 1 LEFT 180

2 RIGHT 30 2 PENUP

3 FORWARD 43 3 FORWARD 30

4 LEFT 90 4 RIGHT 55
5 PENDOWN 5 PENDOWN

6 FORWARD 120 6 FARWARD 130
7 LEFT 30 7 PENUP

8 FORWARD 30 8 LEFT 90

9 LEFT 45 9 FORWARD 30
10 FORWARD 50 10 LEFT 90

11 LEFT 50 11 PENDOWN

12 FORWARD 30 12 FORWARD 130
13 LEFT 50 13 LEFT 180

14 RIGHT 12 14 FORWARD 130
15 FORWARD 135 END

16 LEFT 90

END

As Harriet worked on this project, her approach was to explcre each part of the
figure, writing down the correct steps -- then make cach part a procedure. The
greatest difficulty was in making the moutk. Although Harriet had a very good
sense of what she wanted to do, and a plan drawn on paper, she had difficulty
making the mouth symmetrical. She worked by a pracess of trial and error, and
did not do any calculations as she worked. Qnce she finished the mouth, she made
- use of symmetry to make the SMILE, the upper part of the mouth.



T

120 |

Figure 8.2 .

| "'It seemed that she developed a sense of how she could make use nf the numbers
~ she had' already used, in camplehng her praject while continuing to work in an in an
-}explaratory mede :

‘ By the time she campleted this project Harriet had mastered the use of 90, 30

“and 180 degrgas ~had learned how to use symmelry, had mastered the basic idea
~ of. pr@cedu ,_es and superprﬂcedurass, and had a good underatanding
=af haw-,t use arrnr messagas fnr debugging




Harrlet 8 R SmﬂnlnEDES|gn=5

- Harriet’s next project in Turtle Geoinetry arose out of some explorations she was
doing with SPIN commands. Combining SPINs with forwards -and circles, she got
. the idea of making a cowboy, twirling a rope. | suggested that this would make a
nice, although difficult project. Harriet made the cowboy quite nicely, and then
decided to put a hat on his head. -Since the TURTLE was spinning at the end of a
~ loop of rope, she had-to be shown how to reverse the steps of SPINs, turns and
~-forwards, to get the TURTLE back to where it started, 50 that she could add the
hat. Harriet needed help ‘with debugging- TURTLE state problems several times
during this project. She was introduced to the idea of "playing computer,” going
- throug: a procedure step by step, and encouraged to number her steps by fives,
and to use subprocedures. ' She chose not to use subprocedures for the COWBOY,
but did use subprocedures to draw and locate the HAT. (Figure 8.3)

TO LASSO
1 COWBOY
2 BLACK

3 HAT
END



- .20 SPIN'500

8.8

' 'TO ELACK . TO HAT
g B 0 1 STRATE
2 HALF
,END

TO STRATE
1PENUP.
2 FDRWARD_ 160

8] FGRWARD zoo -
9 PENUP. - 70 HALF
10 RIGHT !80 1 RARC 15

11 FORWARD 100 2 RARC 15 ,
12RIGHT 907 END 7 FORWARD 60
~ 13 PENDOWN = 8 RIGHT 180
- 14 FORWARD 50 - 9FORWARD 20
15BACK 50 ~ 10LEFT 90

- 1G.LEFT 180 - : END
17 FORWARD 50 .
18 SPIN'100

19 FORWARD 30

~* 21 FORWARD 30
22 RCIRCLE 30
END

San 00

Figwe 83
The rest of Harriel‘ Turua Geomelry wcrk cansiated of I I pmjacta some

1
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spinning designs, an oval, a clock, and a TICTACTOE baard that turned into her

‘next major project. In worklng on her TICTACTOE board, Harriet made use of the

same kind of exploratory approach -- combined with a lack of overall analysis -~
that she used in her SMILY project. Her final drawing of a TICTACTOE board,
made use of horizontal, but not vertical symmetry. and had uneven spacing. .
Harriet’s idea of what a TICTACTOE board looks like seems clear from analysis: of
her dribble file: two lines crossing two other lines at rlght angles. - She did not

-have the idea of the board consisting of "nine squares", which would- have led to
a symmetrical drawing, and simplified the trial and error process of making the
. procedure. Similarly, in making her "X", for use in the TICTACTOE game, Harriet

worked by a process of trial and error, to get a somewhat asymmetrical X, rath::
than use an analytlcal approach which could have praduced a symmetrical X.

&— 90> &~ 80 53 &—90 —>
| ! gD & d= € d—re-d-d
, ity ‘——*~=-==ﬁ¢
—_ 7 7 % ]
‘\1[: ! I\L
60 | S {
_ ' Vi 5d
g ! ¢ g |
' 1. Lo
L : 1d
, S R N
Harriet's TicTacToe Board "Idealized" TicTacToe Board
a0’
Harriét'srx “Idéa1ized" X

112

Figure 8
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" In making her X, Harriet did make use of 30, 60 and 90 degree angles, eventually

X

combining them into 120 degree angles, which she used at both top corners of the

3;3 »H‘grgiét‘s Vjork an Major Interactive Projects

8.3.1 Harriet’s TICTACTOE Project

“The TICTACTOE project. lastatl for seven class sessions. Harriat had expressed a
 sense of boredom with Turtle Geomolry, ahd a curiosity about what elss the
 computer could do. Whn'she used-the TURTLE 1o draw a tictactoe bosrd, the
 teacher suggested that she develop this idea further, meking a game which could




___Tictactoe Project -

be played by two people, in which the computer }w;auldﬁargw the éama,_ and keep -

. track of the score. A possibility- of making the computer one of the players was
“put off until Iater. o ' L oo :

In order to carry cut this project, Harriet had 1o learn a number of hew ideas
about LOGO: =

the use of TYPE and PRINT commands »

the use of MAKE to name paints and variables

the use of REQUEST to get inputs from the players

the use of SETT to place the TURTLE at the right spot to
draw an X or O

the use of IF and =, to determine where the next move should go; as
: ' ~well as the status of the game T

the use of lists to keep track of moves and of winning combinations

the use of SENTENCE to add new elements to a list -

setting up a data structure to keep track of the game

functional names for subprocedures

Since all this new material was difficult for Harriet to absorb, the teacher

introduced new ideas to her in smallish doses, as she expressed a need for them,
First-the -procedure-would-be-talked- through; to-elicitas “much~description from

~her as possible, of what she wanted the computer to do.’ After talking an idea

through verbally, she would be shown how. to-translate if into LOGO, estsblishing
the pattern that should be followed, writing down the steps and sequences in her

- notebook.  Harriet then would copy them with careful attention todetail. -

Harriet functioned extremely well in this mode. Although she did. not fully

understand what she was doing, she felt confident that. she could get the bugs

~.worked out. Harriet was an excellent typist, and made few typing errors. When

she did need to correct, revise or add to a line, she easlly learned to use EDL and-
CTRL-N, as editing aids. s D
Problems began to occur when Harriet started to-make the program inteﬂigént |
enough to keep track of moves and record a win by either ‘player, or a tie. Hera

'she ran into difficulty lecause she was a bit confused about the overall structure
_ of her programs -- not always sure where a particular subprocedure should be

put -- into PLAY] and PLAY2, her key sutiprocedures, or into a sub-sub-
procedure. In such a case, Harriet usually neeced help to locate the source of a

bug. *Once a bug was found by “playing computer” Harriet seemed to understand

~what had caused it and how it could be fixed. =




, ;What Harnet fnrgﬂt was to put lhe Ime MAKE "COUNT
wgll as PLAY] ‘When_‘the cnunt coﬂdllmn_r_d:d ‘n

| was maasmg and she added it at the apﬁfppnsle placa \mth ﬁnrdifficully

TO TICTACTDE
5 MAKE CQUNT o
10TAC
12 MAKE "LS [ 1
13 MAKE "LI [ 1

20 PRINT [WHO'IS F’LAYER” ONE?]
30 MAKE "P1: ‘REQUEST
40 PRINT [WHO IS PLAYER TWO0?]
: 5@ MAKE "PZ REQUEST '
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7O PLAY1

5 MAKE "COUNT CDUNT +1

20 TYPE :P1 .
~ B0 'PRINT[’S TURN TO MDVE]
- 40 PRINT [WHICH BOX WOULD YOU LIKE TD F'UT AN X IN"]

. 50.MAKE "CHOICE REQUEST

55 MAKE "LS ( SENTENCE :LS {CHOICE )

60 MAKEX

65 CHECKWINNERI -

70 IF ;COUNT = 9 PRINT [IT IS A TIE] TOPLEVEL
END

TO PLAY2
-5 MAKE "COUNT :COUNT +1

10 TYPE[ITIS]

20 TYPE :P2

30 PRINT [’S TURN TO MOVE]

40 PRINT [WHICH BOX WOULD YOU LIKE TO PUT AN 0 iN?]
50 MAKE "LI ( SENTENCE : u CHDICE )

60 MAKEO |

65 CHECKWINNER2

70 IF :COUNT = 9 PRINT [IT IS A TIE] TOPLEVEL
END




" Harriet

v 25 PENLIF‘

- 30 RIGHT. 90
.35 FORWARD 80
- 40 RIGHT. 9¢

- 45 PENDOWN

S0 FORWARD 200

55 PENUP.
60 RIGHT. 90
65 FORWARD 200

70 RIGHT 90
75 FORWARD 150

~ 80 'RIGHT 90.
- 85 FORWARD 30
90 PENDOWN.

95 FORWARD 260

100 RIGHT 90
105 PENUP.
110 FDRWARD EO
115 RIGHT 90
120 PENDOWN"
125 FORWARD 260
END =

T0 0 :POINT

~ 10 PENUP

20 SETT :POINT
30 PENDOWN -
40 RCIRCLE 20
END

TO X :POINT
10 PENUP.

20 SETT :POINT -
30 PENDOWN

' 80 EX

. END -

8.4

. TOMAKEX

0 IF CHOICE = [7] X H7

80 IF :CHOICE = [8] ¥ :H8
90 IF :CHOICE = [9] X :H9

END

'__TQMAEEQ ’

10 IF :CHOICE = [1] 0 :H1
20 IF :CHOICE = [2] 0 :H2
30 IF :CHOICE = [3] 0 :H3

40 IF :CHOICE = [4]0 H4
50 IF :CHOICE = [5] 0 :H5

60 IF_:CHOICE = [6] 0 :H6
70 IF :CHOICE = [7] 0 H7

80 IF :CHOICE = [8] 0 :H8

90 IF :CHOICE = [9] 0 :He
END

TO EX
5 RIGHT 30
10 FORWARD 30
15 LEFT 120

20 PENUP’

25 FORWARD 20
30 LEFT 120

35 PENDOWN

40 FORWARD 30
END

~ Ti;lactg_giéfélﬁ_eil o
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TO CHECKWINNER1 .
10 IF-ALLOF":21-:LS LINEL-PW1 "
20 IF ALLOF :22 :LS LINEZ PW1

30 IF ALLOF :Z3 LS LINE3 PW1
4G IF ALLOF :Z4 :LS LINE4 PWI
50 IF ALLOF :Z5 :LS LINES PW!
60 IF ALLOF :Z6 :LS LINE6 PW1
70 IF ALLOF :27 :LS LINE7 PW1
80 IF ALLOF :Z8 :LS LINEB PWI1 .
END ~

TO CHECKWINNER2 a
10 IF ALLOF 21 LI LINE1 PW2 |
20 IF ALLOF :22 :Ll LINE2 PW2
30 IF ALLOF :Z3 :LI LINE3 PW2
40 IF ALLOF :Z4 LI LINE4 PW2
© 50 IF ALLOF :Z5 ;LI LINES PW2
60 IF ALLOF :Z6 :LI LINEG PW2
70 IF ALLOF :27 :LI LINE7 PW2
80 IF ALLOF :28 :LI LINES PW2
END

TO LINE1 70 LINES
.10 PENUP 10 PENUP
20 SETT HI 20 SETTHI
30 PENDOWN 22 |
40 FORWARD 200 30 RIGHT 28
END 40 PENDOWN
L ‘50 FORWARD 230
TO LINE2 END -
10 PENUP - e
20 SETT H6 T0 LINEG
30 RIGHT 180 10 PENUP
40 RIGHT 180 20 SETT H3
50 FORWARD 20 30 RIGHT 90
. END 40 PENDOWN
Lo " 50 FORWARD 170
END




8,16 S Tictactoe Project

'r"To LINE7

- END:

~ 10 PENUP
.20 SETT H2:

) ‘ 30. RIGHT NS
RERNEE [ T 50 PENDQWN
~TOLINE4 - 60 FGRWARD 170

10 PENLIP : END '
‘20 SETT HS ‘ o
o 30 PENDDWN o ~T0 LINES '
40 RIGHT 140 . 10.PENUP .
80 FDRWARD 200 20, SETT :H1
. END ~30.RIGHT 90
' o ’QOPENDGWN
- 50 FDRWARD 170
END N
| T0 PWI -
- 10 PRINT ( SENTENCE : Pl [lS THE WINNERD
.20 T'DPLEVEL
' TD sz
10 PRINT ( SENTENCE P2 [IS THE WINNER])
. 20 TOPLEVEL
65 CHECKWINNERE
: END . i -

7O ALLOF LISTI LIST2

10 IF-BOTH,PARTOF FIRST :LIST1 LIST2 BOTH PARTOF FIRST EUTFIRST’ LIST1
~:LIST2 PARTOF LAST ALIST1 -LIST2 OUTPUT "TRUE

20 OUTPUT "FALSE

END

TO' PARTDF ITEM LIST2

Y0IF :LIST2 = [JOUTPUT "FALSE
. 20.IF FIRST ITEM FIRST :LIST2 OUTPUT "TRUE
30 GUTF"LIT F’ARTCF ATEM BUTFIRST :LIST2
END

St
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8.3.2 Harriet’s MADLIB Project

After completing her TICTACTOE project, Harrie! was at a loss for ‘what to do
next. She was offered a choice of six different projects. The idea of doing &
"madlib”™ story was the most appealing to her. The basic idea is simple. The
computer prints out a simple story, substituting’ randomly ' chosen nouns, verbs,
adjectives, etc., for specific words in the story. This project offered many fewer
"new learnings”, for Harriet, and so was one that she could help her consolidate
what she had already learned. The new ideas she had to learn'were these:

. 4
--procedures with outputs

--the use of RANDOM to choose a nurﬁbgr which would determine the
particular word to be OUTPUT from a preset list

--the use of % to create spaces in TYPED output
~-the distinction between TYPE and PRINT

Once Harriet was shown the syntax for using RANDOM and QUTPUT, she was able
to carry through the project almost entirely on her own,  The structure of the
ptoject was much simpler than that of the TICTACTOE project, so that when bugs
occured, Harriet could usually fix them herself. She had a little difficulty
understanding that she had to provide an output for each number, O through 9,
output by RANDOM. In some of her procedures she listed 10 rather than O, and
would sometimes get a confusing "NOUN DIDN'T QUTPUT AT LEVEL 1 LINE -- in
MADLIB."  This. message was confusing to Harriet because it did not occur
consistently (approximately once out of every ten fries). NOUN appezred to work
perfectly some of the time and not work at all at other times. As each of her
" ‘subprocedures was debugged, Harriet gradually came to understand the cause of
this occasional problem.
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~rung, adju-tiﬂg the. length ‘of eac
n anRtNT:and TVPE o “course,

| MADLIB
ONCE UPON A HULA HOOP, THERE !.WEDAC?EAMY GIRLNAMED
- DAN.” SHE HAD A WICKED STEPMOTHER AND 2 SMELLY STEPSISTERS WHOSE
~ NAMES WERE EGBERT AND GRISELDA. CINDERELLA HAD T0' DO ALL'THE
- TwisTED wanx WHII.E T2 GFEESE RAVIQL!‘S WERE LAZY, cmE DAY AL THE

PEOPLE QF TI-E KINGDDM WERE INVI’FED TO PRII\EE GERT RUDE'S EIUELLY EAL
L _CII\DERELLA CGJ.DN”I’ GD. EJT I-ER 2 ETEPEISTERS & STEP

L CC!LD. Eﬂﬁ‘f TI-E FA!RY EDMTFER CAME & E‘AVE GIP\ERELLA A ICE AND A
L TOILETEWJLSOSIEGOILD@TGTIEPIEM THE - -
o Q{ESE RAVIGLI FELL,IN.LOVE WITH HER. ‘SHE TICK, OUT OF TI-E CIGAR
, Am LosT HER CREAW TG!LET m THE FRIBEE L(IKED FOR I!ER TD PU
TTHE
~ GRANDMA BACK Eﬂ. e FQU\D HER- AND THEY LIVED
SILENTLY EVER AFTER

RN




Marriet 819 MadibProject

~ TO MADLIB
- 10 TYPE [ONCE. UPON A%]
20 TYPENOUN
- 30 TYPE [, THERE LIVED A%]
40 TYPE ADJETIVE
50 PRINT [%GIRL NAMED)
60 TYPE [. SHE HAD A WICKED STEPMOTHER AND 2%}
70 TYPE ADJETIVE |
80 PRINT (% STEPSISTERS WHOSE %]
85 PRINT [% NAMES WERE%]
90 TYPE N '
- 100 TYPE [% AND GRISELDA. CINDERELLA HAD 70 %]
105 PRINT {% DO ALL THE %) .
110 TYPE ADJETIVE.
120 TYPE [% WORK WHILE THE 2%)
130 TYPE NOUN TYPE 2%] ‘ .
140 PRINT [% WERE LAZY. ONE DAY ALL THE %) TYPE [XPEOPLE OF Tlﬂ]
145 TYPE [% KINGDOM WERE INVITED TO PRINCE%]
150 TYPE N TYPE ['S %] TYPE ADJETIVE
160 TYPE [% BALL. CINDERELLA %) :
165 TYPE [% CDULDN‘T GO, BUT HER 2 STEPSISTERS & STEF%]
170 PRINT NOUN -
180 TYPE [COULD %}
190 TYPE N
200 TYPE [% THE FAIRY GODMOTHER CAME & GAVE CINDERELLA A%}
210 TYPE NOUN
220 PRINT [XAND A%)
7230 TYPE NOUN
240 TYPE [%50 SHE COULD GO TO THE£]
250 TYPE NOUN
260 PRINT [ ¥THE%]
© 270 TYPE'NOUN-
280 TYPE [%FELL IN LOVE WITH HER. SHEY)
290 TYPE VERB-TYPE L)
300 TYPE [% OUT DF THE %]
310 PRINT NOUN - :
320 TYPE [% AND LOSTHER %] ~ = v o
‘330 TYPE ADJETIVE TYPE (% , %) TYPE'NOUN
340 PRINT [ % THE PRINCE LOOKED FOR HER TO PUT THE ¥]
350 TYPE NOUN- L ; L :
360 PRINT [% EACH cu HE FQLJND HER AND THEY LWED x] S
370 TYPE ABVERE A S o ' N
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380 PRINY [% EVER AF IER %)
END

ToN

10 MAKE "NUMBER RANDOM

20 IF :NUMBER =« | QUTPUT [CONGA)

30 IF :NUMBER = 2 QUTPUT [EGBERT)

40 IF WNUMBER = 3 OUTPUT [ISMEENEE]

, 50 IF :NUMBER = 4 QUTPUT [GERTRUDE]
60 IV :NUMBER = 5 QUTPUT [GERSHOM)

70 IF :NUMBER = 6 OUTPUT [CAN)

80 IF :NUMBER = 7 QUTPUT [TWEEDLEDUM]
90 IF :NUMBER = 8 QUTPUT [BALLYHO0]
100 IF :NUMBER = 9 OUTPUT [DAVID)

110 IF :NUMBER = 0 QUTPUT [WILLIMENA]

TO NOUN .
10 MAKE “NUMBER PANDOM

~ 20 IF :NUMBER = | QUTPUT [TRASH CAN]

30 IF :NUMBER =_2 QUTPUT [CIGAR]

40 IF :NUMBER = 3 QUTPUT [HULA HOOP]

50 IF :NUMBER = 4 QUTPUT [GRANDMA)

60 IF :NUMBER = 5 OUTPUT [ICE)

70 IF :NUMBER = 6 QUTPUT [TOOTHPASTE]

80 IF :NUMBER = 7 OUTPUT [TOILET BOWL)

90 IF :NUMBER = 8 QUTPUT [MUD)

100 IF :NUMBER = 9 OUTPUT {PINE CONE]

110 IF :NUMBER = 0 OUTPUT [CHEESE RAVIOLI)
END
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TO ADJETIVE
10 MAKE "NUMBER RANDOM

20 IF :NUMBER = 1 OUTPUT [UGLY]

30 IF :NUMBER = 2 QUTPUT [PURPLE]
40 IF :NUMBER = 3 QUTPUT [SMELLY]
50 IF :NUMBER = 4 QUTPUT [FLUFFY]
60 IF :NUMBER = 5 QUTPUT [CREAMY)
70 IF :NUMBER = 6 OUTPUT (TWISTED]
80 IF :NUMBER = 7 QUTPUT [HARD)

90 IF :NUMBER = 8 QUTPUT [WRINKLED]
100 IF :NUMBER = § QUTPUT [BILLOWY)
110 IF :NUMBER = 0 QUTPUT [ITCHY]
END

TO ADVERB
10 MAKE "NUMBER RANDOM

17 IF :NUMBER > 5 OUTPUT [SILLY]

20 IF :NUMBER = | OUTPUT [CALMY]

30 IF :NUMBER = 2 QUTPUT [STUPIOLY]

40 IF :NUMBER = 3 OUTPUT [ANNOYINGLY]

50 IF :NUMBER = 4 QUTPUT [PATHETICLY]

60 IF :NUMBER = 5 OUTPUT [SILENTLY]

70 IF :NUMBER = 0 QUTPUT [GENTLY] 1

END \

2]

TO VERB
10 MAKE "NUMBER RANDOM

20 IF :NUMBER = 1 OUTPUT [WALK]

30 IF :NUMBER = 2 OUTPUT [YELL]

40 IF :NUMBER = 3 QUTPUT [SING]

50 IF :NUMBER = 4 QUTPUT [SKIP)

60 IF :NUMBER = 5 OUTPUT [ROCK] ‘
70 IF :NUMBER = 6 QUTPUT (ROLL]

80 IF :NUMBER = 7 QUTPUT [TiCK]

90 IF :NUMBER = 8 QUTPUT [GIGGLE]

100 IF :NUMBER = 9 QUTPUT [SHIT]

110 IF :NUMBER = O QUTFUT [BLEED] \

END
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8.4 Conclusion

Harriet was one of the most competent of the children in our sample groups at
using the computer keyboard, understanding the computer’s possibilities, and at
using diverse -elements .of the LOGO langusge sppropriately 1o achieve her
purposes. At the same time, her sense of "creative involvement” was minimal,
The more creative her project, the more -tedius typing and debugging were
required. She did not enjoy the process of finding and eliminating bugs, the way
that Gary, a student in one of the: earlisr classes tid.

After her last clasg, Harriet was asked whether she would like to work with a
computer again. "Well," she reflected, "it would depend on what the other
choices were.”

i
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8. Jimmy

Jimmy is considered to be an above average student by his teachers. His
national achievement test scores place him in the 57th percentile. Although
he is considered bright, Jimmy is extremely selective in applying himself to
regular class work. He tends to excel in areas which appeal to him, and
offers resistance to assignments which he does riot consider interesting.

1. Jimmy’s Working Style
\

In the LOGO classes, his work was also somewhat ideosyncratic. He quickly
became expert at "TURTLE driving," and created one of the most elaborate
drawings of any of our students. His robot procedure, patterned on the Star
Wars character, R2D2, was extremely detalled and intricate, and was drawn with
uncommon care and patience. On the other hand, Jimmy had great difficulty
understanding how to use subprocedures to meke his work easier, He conceived
of each project as a long, almost endless string of commands; subprocedures
were just a way of breaking a project into pieces. It was not until near the end
of the classes that Jimmy began to make use of subprocedures for planning.
Debugging remained a mystery for him.

2. Jimmy’s Sailboat Project

Jimmy’s first project, after learning the basic LOGO commands, was to use the
TURTLE to draw a sailboat. He drew his boat step by step on the screen, and
copied the entire list of commands to make the procedures, BODY and SAIL.
Although he copied steps literally, in a style similar to Deborah's, he was also able
to make good use of geometric knowledge. Lines 2, 3, 4, and 5 of his BODY
procedure, which draw the prow of his boat, show how he used a 180 degree
angle to :everse the TURTLE’s direction (Figure 9.1a). Line's 12 and 13 show
how he correcteri a mistaken RIGHT 89, by doubling 89, and following it by the
command LEFT 178. It is characteristic of Jimmy’s work that he did not replace
both commands by ene correct command, LEFT 89, but kept both his originai
commands as part of his procedure.



gifRy . .82 i _ Drawirig » Boat
TO BOAT TO BOBY TO SAIL
1 BODY 1 LEFT 90 | RIGHT 90
2 FORWARD 20 2 FORWARD 60 2 FORWARD 60
3SAL 3 RIGHT 40 3 RIGHT 140} .
4 HIBETURTLE 4 FORWARD 20 4 FORWARD 50
END 5 RIGHT 140 5 FORWARD 20
6 FORWARD 70 6 RIGHT 100
7 FORWARD 10 7 RIGHT 20
8 RIGHT 96 8 RIGHT 10
9 FORWARD 14 . 9 FORWARD 50
10 RIGHT 180 10 RIGHT 10
1.1 FORWARD 14 11 LEFT 10
12 RIGHT 89 12 FORWARD 30
13 LEFT 178 13 RIGHT 100
14 FORWARD 20 14 RIGHT 20
15 LEFT 10 15 LEFT 10
END 16 RIGHT 5
17 FORWARD 40
18 FORWARD 20
19 RIGHT 80

20 FQRWARD 10
END

Figure 9.1a

3. Jimmy’s next major project, which he worked on for five class periods
(approximately 6 1/2 hnurs). was his drawing of a robot (figure 9.2).

Figure 9.2

Jim’r'n;f's superprocedure, ADAM, made use of ten different subpraeadures{ to

e



Jimmy . 9.3 _ ____ Drawing a Robot

draw the robot. Jimmy worked on the project in an exploratory fashion. When
he had successfully drawn one part of the robat on the screen, he would write
down all the steps on the text display screen, and give that part of his drawing a
name. When he began working again, he would include the procedure he had just
defined, as the first step of his next procedure. Jimmy’s procedure hierarchy can
be described as a "tree”, with no branch containing more than iwo different sub-
branches. \

ADAM
JP/ \EYEI
DIE | \Ll BOX
,DOG
| ~
/Rzaf JOE
R2 g.ElGl :

The role of eech of the subprocedures can Se traced by starting at the bottom of
the tree, and working.upward (see Figure 9.2):

R2 draws the rectangle which made up most of the robot’s body.

R2D2 includes R2 and LEG1 and then adds the left leg.

JOE draws one 30-by-5 rectangle on the right of the robot.
DOG includes R202 and JOE and adds another small rectanglé,
D2 includes DOG and adds the two larger rectangles.

L1 draws a singléline on the lower left of the robot

JP includes D2 and four repeats of L1. It draws the entire robot, except
for the eye.

BOX draws a small square in the robot’s head.

= gt



EYEL issludes BOX and draws ths eys in the centsr of the box.

ADAM inciudes JP and EYEL It draws the entire robot, moves the
TURTLE over and draws the eye.

The mﬁe subprocedures are listed betow:

TO R2

1 FORWARD 80
2 RIGHT 90

- 3 FORWARD 70
4 RIGHT 90

5 FORWARD 80

6 RIGHT 90

7 FORWARD 70
8 RIGHT S0
9 FORWARD 80
10 RARC 40

11 RARC 40

TO LEGI

1 FORWARD 10
2 LEFT 90

3 FORWARD 15
4 RIGHT 90

5 FORWARD 30
6 RIGHT 50

7 FORWARD §

8 LEFT 90

9 FORWARD 40
10 LEFT 40

11 RIGHT 10

12 RIGHT &

13 FORWARD 30
14 RIGHT 109
15 RIGHT 20

12 LEFT 10

17 FORWARD 20
18 RIGHT 90

18 FORWARD 20
20 RIGHT 180

21 FORWARD 20
22 RIGHT 90

23 FORWARD 10
24 RIGHT 90

25 FORWARD 30
END |



98 __Drawing a Robot

TO R2D2

5 R2

10 LEGI

15 LEFT 90

20 RIGHT 15

22 LEFT 10

25 FORWARD 50
30 LEFT 90

35 FORWARD 30
40 RIGHT 90

45 FORWARD 10
50 RIGHT 90

55 FORWARD 20
60 RIGHT 180

65 FORWARD 20
70 RIGHT 99

75 FORWARD 15
80 RIGHT 100

85 FORWARD 30
90 LEFT 10

95 FORWARD 40
100 RIGHT 90
105 LEFT 180
110 FORWARD 5
115 RIGHT 90
120 FORWARD 30
125 RIGHT 90
130 FORWARD 15
END

TO JOE

1 PENUP

2 FORWARD 30
3 PENDOWN

4 FORWARD 30
5 LEFT 90

6 FORWARD 5
7 LEFT 90

8 FORWARD 30
9 LEFT 90

10 FORWARD 5
END

TO DOG

1 R2D2

2 JOE

3 PENUP

4 FORWARD 5
5 PENDOWN

6 FORWARD 5
7LEFT SO
8 FORWARD 30
9 LEFT 80

10 FORWARD 5
11 LEFT SO

12 FORWARD 30
END



Drawing a Robet

TO L1
5 FORWARD 15
10 BACK:15

25 FDﬁka 10- -

30 PENDOVN:
- 35 LEFT 90-
END-

5! FGEWARQ 15
6°LEFT 90

7' PENDOWN

8 FGR‘WARD 30

11 RIGHT 90

12 FORWARD 30
13 RIGHT 90

14 FORWARD 40
15 LEFT 90

16 PENUP

17 FORWARD 5
18 RIGHT 90
19 PENDOWN

20 FORWARD 25
21 LEFT 90

22 FORWARD 20
23 LEFT 90

24 FORWARD 25
25 LEFT 90

26 FORWARD 20
END

A



Jimmy 587 - ___Drawing a kobot
TO JP TO EYEL TO BOX
1 D2 5 BOX 5 FORWARD 20
2 BACK 20 10 PENUP 10 LEFT 80
3 RIGHT 30 15 LEFT 80 15 FORWARD 20
4 PENUP 20 FORWARD 10 20 LEFT 99
5 FORWARD 10 25 LEFT 90 25 FORWARD 20
6 LEFT 90 30 FORWARD 4 30 LEFT 90
7 PENDOWN 35 RIGHT 90 35 FORWARD 20
8Ll 40 PENDOWN . END
9Ll 45 LCIRCLE 10
10 L1 END TO ADAM
1111 5JP
12 HIDETURTLE 10 SHOWTURTLE
END ' 15 PENUP
20 LEFT 90
25 FORWARD 80
30 RIGHT 90
35 FORWARD 30
40 PENDOWN
45 EYE1

4. Jimmy's Rocket Project

50 HIDETURTLE
END

Jimmy’s next major project, although visually much simpler than the robot, also
took five class periods to work out. The complexity of this project lay in the use
of angles other than ninety degrees. Jimmy had to pay careful attention to
TURTLE’s state at each point of the process, in order to draw a symmetrical
design. (Figure 9.3) - .




Figure 9.3
Jimmy's hierarchy “tree” was a lot simpler this time:
R
R;FIN FIN2 ROCKET
7N\
STICK CONE 30
STICK draws the rocket’s body.
CONE 30 draws the nose corne.
J combines CONE and STICK and draws the entire rocket,
RFIN includes J and adds the upper right fin.
* FIN2 draws the lower right fin
ROCKET draws both left fins.
R includes RFIN, FIN2 and ROCKET, and draws the entire rocket.

In drawing the rocket, Jimmy constructed the upper right fin by trial and error.




45 FORWARD :LEN

dimmy 29  Drawing a Rocket

He then copied it three more times to draw the three other fins, paying careful
attention to right/left symmetry. {The lower left fin came out a little too large
because of a miscalculation).

Jimmy developed an interesting solution to the problem of drawing the rocket’s
nose cone -- an isoceles triangle with a fixed base. Hic strategy was to start at
point A (figure 9.4), turn the TURTLT RIGHT 15 degrees, move it forward a
certain distance, and then back the same distance. Making use of symmetry,
Jimmy then moved the TURTLE to point B, turned the TURTLE LEFT 15, and
moved it forward and back the same distance. His problem was that hat he did not
know tiie distance to use. The teacher suggested that ive make that iength a
variable, and together they talked through the procedure:

TO CONE :LEN
5 FORWARD 100
10 RIGHT 15
15 FORWARD :LEN
20 BACK :LEN

25 RIGHT 75

30 FORWARD 15
35 LEFT 90

40 LEFT 15

50 BACK :LEN Y A
56 RIGHT 15
END

| Figure 9.4

Jimmy then used the CONE procedure with several different inputg until he found
a length that looked right to him. He used this length CC)NE 30 in his procedure,

J Whlch drew the basic rocket body.

| Therg are clues in the CONE procedure to the way that Jimmy made use of

“unitsf“ of 90 degrees in thinking about his drawing. He turned the TURTLE RIGHT
15 at line 10. In line 25 he added the additional rotation, RIGHT 75, to make a
toial pf 90 degrees, allowing the TURTLE to move from point A to pmnt B. Having
reached point B, Jimmy turned the TURTLE LEFT 90, and added the step, LEFT

15. The fact that he was thinking in terms of 90° units was confirmed by his

failuré to combine the last two as one step, LEFT 105,
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___Recetrack Project

During the last few classes, Jlmmy cuneenlrated m Dyﬁaturtla 5etmt|e5. Fart af
his work with Dynaturtle is described in detail in Chapter 6 of Part Il of this
repect. A recctrack project thst Jimmy carried out in conpection with dynamic
activities gives another indication of the way in which he incorporated peometric -
ideas into his-work in Turile Geometry.

Jimmy was drﬁwh\g a “racetrack” for thﬁ Dynaturtle.. He decided to draw an oval
track, snd hed completed drawing the inside of the track. To draw the ends of
tite inside of the track, Jimmy mede repested use of RARC 40 commands {Figure

9.5). To draw.the outside of the track, he moved the TURTLE over 40 TURTLE
steps. and drew the outside using RARC 80 commands (Figure 9.6). When &n
observer asked Jimmy how he knew that RARC 80 would draw the correct sized
arcs, Jimmy answered that using an RARC 80 command was "just like msking a
corner with sias of BO." This indicated that he understood how to replace the
effect of the RARC command by an equivalent one which made it easy for him to
calculate the necessary distance (Figure 9.7).

TO TRACK

TO IN. TO OUT
10N 10 RIGHT 90 10 RIGHT S0
20 OUT 20 FORWARD 50 20 FORWARD 150
END "30 LEFT 180 30 RARC 80!

40 FORWARD 150 40 RARC 80

50 RARC 40. 50 FORWARD 150

60 RARC 40 60 RARC 80

70 FORWARD 150 70 RARC 80

80 RARC 40 END

90 RARC 40

100 PENUP

110 LEFT 90

120 FORWARD 40

13G PENDOWN

END -

Figure 9.5
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Jimmy . 911 ____ Racetrack Preject

‘Figure 9.6

Figure 9.7a | = Figure 9.7b




s several yeTs} behmd hls peers in basl
T as’ havmg a."learning dlsablhty He ‘receives regular mdlwdual assistance in the
~school’ s Learnmg Center. Karl is'large for his age and saméwhat awkward in
, Vmanner He has few- fnends amnng hIE classmates, ather than a few. selected

IO Kar!

| He
cadentic ‘skills, .and has 'b 'n"-.dlagnased

EFDI‘HEE f

| “When Karl was mterwewed prmr to his partlmpatlan in LDGC) some sngnmcant
~.gaps_occurred between his abilities in tasks that required readmg, writing,

arithmetic, and’ verbal expression, and those that required non-verbal problem
solving...While: appearing to be virtually unable to read or carry.out arithmetic

‘calculatmns. he. readily solved problems: mvnlvmg number patterns and attributes

of different shapesi and was able to. nystarnatlcally generate. ail: twenty-faur

E'permutatmns of a set of cubes of four different colors. i)uestlans that were

designed to elicit Karl’s feelings about school, and about himself and friends, were
answered with statements hke "I don’t care“ “Nathmg“, "No", and I don’t knaw“

Desplte extreme dlfﬁculty using the camputer kaybnard Karl dld very well in the
LOGO classes. From the beginning he enjoyed the serse of control he felt while

parhclpatmg in !"DGD actlwtias Whlle Karl often needed help remembarmg the -

arganlzatmnal abilities in a varlety of cuntexts Karl’s accamphshments in the
LOGO classes regularly surpassed what he was nnrmally considered able to do in
his reguler. classaf and in'his special tutoring sessions. At present, Karl’s

teachers are tryirig“to decide how to take into account the information learned
during his successful LOGO expenence, in p!anmng his reguiar schunl work.

In the sections that follow, we will review Karl’s ma;ar accamphshments, as well
as some of the difficulties that he expenanced

10.1 I{arl’s Majcr Accomplishments

Karl’s accomplishments in the LQGO classes flt into two categarlas. he developed
a processes both for working with the computer and for planmng and debugging
his work, and he campleted a number of successful projects in the area of Turtle
Geometry, culminating in a keyboard cantralled animation, which allowed him to

-drive the TURTLE around the screen,

At firsst Karl’s work alternated between carefully planned designs and the

haphazard use of commands that he did not really understand. As he began to
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@ GeometricDesigns

"ﬂr eaniis%ancigs in tha offecty - praducﬁﬂ by diffarent cammands, he
_tﬂ ER’EFEPEI mnrg md mari &entral over thy ‘nut’eames gf hm wark,} o

"ﬂj@:ts, the rectangt@ TAM and tha set af repaated raetangles, CLJLL : .
- fully pla; ngd and ‘carried out.” (Figurs 10.1) His next design, ACE
(Figure 1@(2} was even more carefully atructurad, rﬂakmg use of symmetry and

the pmﬁ‘rﬁas of circles.



TOTAM
-1 FORWARD 190

yienrRo e
3 FORWARD 100

4 LEFT 90 -
5 FORWARD 190
6LEFT90

7 FORWARD 100

END -

TO CULL
1 TAM

2 TAM

3 TAM

4 TAM
END

Figure 10.

__Geometric Designs




Figure 102
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_ Wildly Spinning Patterns

g Karl becamé fascmated by the effects af SPIN camrﬁsnds and began to add'
. -pracedures together randomly to produce unexpected results.: He would . sit. for
~long periods of time watching the ‘effects-of rapid SPINs lnteraciing with variausi :
'procedures. Each time'he had a new idea for a project, he would ‘add it to the
“-others, to anjﬁy the wild unpradlclable effects. Some of the praeedures he

created this way were:

TOACE2 . TOME TO ACE3
1 SPIN 1020 1TAM 1'SPIN 1020
2 ACE | 2 CULL 2 TAM
END 3 ACE 3 ACE

- 4 ACE2 4 ACE2

END 5ME
. 6 HIDETURTLE
END

By the ninth class, these procedures culminated in:

TO BU
1 SPIN 200 \
2 CULL

3 ACE

4 ACE2 °
5 ME

6 NO

7 NO

8 XX78055
9 PLUS

10 TAM
END

The procedure NO was a sequence of slow SPINs and FDRWAED ﬁammands,

foliowed by HOME, while XX78055 and PLUS were carefully planned spinning

designs created by using NO, rotating the TURTLE 10 degrees, and repeating the

process while increasing the angle of rotatien by 10 degrees each time.



 TO ¥X78055

1IN0
‘2 RIGHT 10
3N

4 RIGHT 20
6 RIGHT 30
7N0

~ 8:RIGHT 40

9NO-

* . 10 RIGHT 50

C11NO -
" 12 RIGHT 60
C13:NO -

14.RIGHT 70

15 NO.

‘16 RIGHT 80

17NO
18 RIGHT 90
| ISNG ‘

T0 PLUS
5 MAKE "BUR 10
10N

15 RIGHT :BUR

20MAKE‘BUR BUR + 10
25G010 A
END

fs
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Ked L Exploring the System

A few classes after creating BU, Karl ‘expressed.the desire to control the effects
of his procedures. In‘one period he edited BU to produce a very elegant spinning -
design, by systematically removing all the "sandom effects.” Although he needed
help, with, the mechanics of editing, the decisions about what to change were all
his. The final version of the procedure was:

TO BU

1'SPIN 200

2 CULLEN

3 ACE

4 HOME

9 PLUS

END
The HOME command was introduced at line 4 to center the TURTLE before
drawing the symmetrical spinning design, PLUS. , o

The editing of BU ended the "random phase” of Karl’s work. Al‘“:i:gh he had
periods of aimiessness, and fooling around with the keyboard, most i his actual
work with the computer was carefully and purposefully planned in the classes -
that followed. _ : ‘ :

In addition to thoughtful geometrical planning (TAM, CULLEN, ACE, PLUS, etc) and
careful step-by-step debugging (as in his editing of BU), another process thet Karl
used to great advantage was finding the limits allowed by the computer in
different areas. oY ' .

For example, he used the process of successive approximations in converging to a
limit, to find the largest input to SPIN. It took him nine tries, using successive
inputs of 1000, 2000, 1050, 1001, 1010, -1040; 1020, 1030, 1025 before
deciding that 1020 was the largest allowable input to SPIN. In doing this, he made
use of the error message generated by the computer whenever he used an input
that was too large. ' ‘

Ina éimilar fashion, he used the QUT OF BOUNDS error message and the method
of successive approximation to find the boundaries of the display screen and the
"diagonal distance across it. - : ‘ a

Karl also -experimented with other limits of the computer system. He found the
- shortest procedure name (one letter) and the "longest" (his procedure
- "QWERTY\JIDPASDFGHJKLZXCVBN used every alphabetic symbol on the keyboard).

He also found out what happened when you type very long numbers. (When he



|
|
wil
o

‘computer responded: 9.000002E31),
an’ axpanmantal appr ach to
y tr: ‘ng’ thmgs, and saalng what :

Karl‘s majar aﬁsﬁmphshmnnt was a set of procedures which he used ta anlmata
tha TUETLE in sug ) a way. that he cauld "drive it around” on the screen. He was

ncepts f _rés aﬂd filled in the specific instructions
iy ,_.ldaas he waagl ven: wers: :

TOCh '
10 MAKE "LETTER KE"
20.IF LETTER = "R RT 30
30 IF :LETTER = "L LT 30

\

f-Tha cammsndf HEY was. aiven s a pﬂmltive which “talla the camputar which
Igttare ygu t}ﬁpman tha wayboard.”

Usmg thls basnc |dea, I(arl was able ta dafme a systern of cammands that msde the
“actcwty mterasting to hrm -

"--:Flrst}he dsmdad ’what carnmand: he wsnted and what letters he. could use for
‘them. He ' Incate all the Ietters in one section of the keybcsrd to make
. 'He: wanted ta ‘slow the TURTLEVdnwn, and to have it wrap,




CoKarl -  7' R 10,9 R Drawmg acetrack ,

-TOCAR - . . TOCH

o

1-WRAP. | 10 MAKE "LETTER KEY

SPENUP ...~ 20 IF LETTER = "R RIGHT 30
10 MAKE D TO 30 IF :LETTER = "W LEFT 30 -

20CH | 40 FLETTER ="FMAKE'D:D +5
25 WAIT 5 ~ BOIF :LETTER = "5 MAKE "D :0 ~ 5
30 FORWARD:D 60 IF :LETTER = “A PENUP

40 GO 20 70 IF :LETTER = “Q PENDOWN

END 80 IF :LETTER = "E MAKE "D 0 -

‘END :

Notice that the letters "R" (right turn), ME (faster), "S" (slower), and "E"
(amergeﬂcy stop), all are abbreviations for their functions while the letters "W,
"A" and "Q" were chosen for their position on the keybaard , :

3

" Having creatéd a very nice "toy"™ with the computer, Karl eruﬂyed playmg withit a

lot. He made some nics discoveries as he moved it playfully around the screen.
For example, he found that repeatedly pressing "S" would eventually make the
TURTLE go backwards at an accelerating rate. Or that he could draw a dotted
line by alter nating the keys "A™ and "Q". He tried letting the car go very fast,
drawing slanted lines wrapping around the - ‘screen, and experimented with the
effect of many repeats of the same commands. At one point he realized that hs

could use this device to write his name in script == but-this was never fully
completed. :

Between periods of playing with his "car" Karl continued to pursue the idea of a
racetrack, around which the car could be driven. He created: the - pracedure TR
which used circles to draw the racetrack, and included a starting and finishing line.
In the last class he was begmnmg to work on a series of pracedures that would
allow the computer to keep track of the elapsed time for one circuit of the track..
Although the project was not completed, Karl was able to define the: logica!
structure of the race in a way that would have allowed a relatively easy
translation to a set of computer procedures, had there been more time.
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100 Difficultis Using Compuster

20 FORWARD 130_-

40 LC 190
- S0 LEFT-90
-~ 80 FORWARD 100
- 70 RIGHT 90
- 80 LC 100
’ }02 Higmr Bifflcultles Encaunlgred by Karl in Hls ‘Work

Figure 103

-Karl’ dlfflc.ulhes were related tn hls prablams m readlngeand wrltmg,vbased on .-

’hearlng--dlfﬂ:mhes and a very panr ~visual. m

\-_Vl(ari used the same. randqm scannmg strategy for finding numbers. as well '
o _;Althaughihe knew lhat the numbers were an the tnp Ime,af rd, hi

e;‘- Gmng in a-"i

Iarly ‘strlkiﬁ'g when he was numbering steps ina prgc, : T
" _:r es:h number, o

- _,_'ééquance,l 2,3,4,... he conducted an- individual * search-_
. ;:-usmg his: scannmg and fmger mgwngf’te{*hmque_ _";:_'_';v Lt

d .great.. , ing arrar. messages Althcugh he gradually
'nclude the naw t mmalggy in. hISA SIght vocabulary, he was ur_nable ta ‘




1011 pifficulties Using Computer

~-wanted to copy into his notebook, he often asked either a teacher, or another
ostudent forchelp. o T

Karl also helped himself by limiting the size of his procedure names. He ‘éuiék%y

realized that ‘he ‘could make procedure names very short; sometimes_he wrote

~ abbreviations for LOGO primitives (RC and LC for RCIRCLE and LCIRCLE, for
- example). Although he eventually used two and three letter:names -exclusively,

he did not seem to choose his letters in a way that made scanning. easier.
Procedure names like TAM, ACE, CULL, sn»d BU, all required a fair amount of
scanning. v_ ; - SR

Karl named one of his procedures' QWERTYUIOPASDFGHIKLZXCVENM making use
- of every letter of the alphabet, in their keyboard sequence; Since he could move

his finger in order across all the letters, this name required no scanning, and was
actually a lot easier for him to type than a three letter procedure name for which .
he had to scan. - L T -

When designing his CAR. procedures, he did:make use of keyboard placement, in
choosing the keys he used to control the motion of the TURTLE. The letters he
used- - Q, W, E, R, A, S, and F. -- are all located in a group on the left hand end
of the keyboard. Originally Karl thought he would make a cardboard cover for the
keyboard, with a hole cut in-it so that only those letters could be seen.” He found
this to. be unnecessary, hcwever, and concentrating: his -attention on one small
corner of the keyboard, was able to select the correct keys easily, without any of
the scanning or memory problems that occurred when he had the entire keyboard
as his field, '

Given Karl’s extreme difficulties with reading and with the keyboard, it seems
significant that he persevered as consistently as he did in his LOGO work.

10.3 Affective Aspects of Karl’s LOGO Experience. . ..

At the beginning of the LOGO classes, Karl tended to have "deadpan” expressions
~at all times. This corresponded to his appearance when seen for interviews, or

on random occasions throughout the school. Even when he was successful in using

~ the computer for the first few sessions, his expression continued to be blank and

non-committal.

-~ As his success continued, Karl became more assertive and curious. He asked
- what. error messages meant, and sought to understand how to use new commands.
He made a point of finding out how to use the Plotter and Printer, so that he
~'could make his own "hard- copy” of his computer-work. Observing this during one

i

-
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10,12

‘class, a regular abser\er wrote: "Karl seems ‘more achvely mvnlved engaged
’ "WIth. dnd using the-computer;-based on 'more of ‘his own interests, curigsmes,

.. ptrposes, d@nd- playfulness Today -he inquired about -the other equipmen(; and
‘was ‘intérgstéd in-its’ functiohing -and : products...Karl many times today is: sskmg
, f*haw' gwmg%me Hﬁprasﬁiﬁn of dtie: l’nieréated in‘how things are-dune..”

At abuut lhe sa‘l‘ﬂegtimei Karl begﬂn to expreéss an- lnterast ln the work - of gther*
, ehlidren in:his roup,- and ' began to show them his work: -He-invited-a friend -to
‘class and’ éWarsped programs With him. He- began to show. that he was feeling
.gaad ‘and ‘énjoying himself. His face was more: expressive, his 'posture more
relused, “He. Wrnte ‘his ndime in‘lérge block letters on a formica table which was
~-us§d¢by the Ehitidren as o grafﬂtl board", aﬁd praudly begen to- shaw his wark to
- visltnrs o

‘Karl %rbught his. tutar from the ‘school's. Iearmng center to cne of the later .
classes, #ind showed her his partlally completed "car” project, carefully explaining:
ench detail of his programs to her. In the next class, the observer quoted above
‘aghin noted: changgs in"his behavior: "Karl ‘entered the room ‘with Jimmy and

. Diitténe. He*lmmedlatély set to lnggmg in-on‘terminal 4. | notice that he seems to
Walk: tallér with a fore selfﬂaészﬁd ﬁbstme 5ﬁd has a way of gettmg right to the
,-‘businegs St’haﬁd“ s

l,hanges in Karl’s attitude toward his- classraam work were also rmted by his
. -regular. teacher. After about twenty LOGO classes. she reported that Karl was -
 béginning to shaw that he reatly cared about his school work, that he- had begun.
- concentrating on his work in a way that she had not seen before, and that-he
seemed. to have a great deal more confidence i in his ability to carry out- academic
- tasks. She attributed thsse changes dlrectly to his feallﬁg af success ln the LOGO
, clssses . . '
'Karl’s success in hls LOGD elasses demﬂnstrated that with an apprepriate
_'edUcatmnai environment, he was able to functmn at a higher level of ability -than
"N’ ‘had ‘demonstrated in schoblwork, even.with.a great deal of one-to-one
oring. ‘At the: present time his sevenlh grade teachers and-his learning
: , ‘;ﬁrs are tryihg lo: devalap an educational plan‘for him that will
:-';‘gaﬂifahze ‘on ‘the “Abilities he has demanstrated in the areas of reasoing, ‘logie,
B ‘ﬂﬁmng and ﬂrg’anlzalmn, in. ordeér 16 help him malntam the feellngs of ‘'suceess
- that he de Iaped while warking an LDGD - ; .

rits :ew, aﬂer the end of the LOGD classes, Karl was slgmfu:antly '
ol articuiate about mtellectual activities (although not about st feelings). He
. ]*Hsted ten uses far a tm c,an (as pppased lo fuur uses far a brick iﬁ the ﬁrst i

‘ ‘l"’




1013 Difficulties Using Computer

-interview). Instead of carrying out the four color permutation task, he asked "Can
.1 just show you how |.do it?" and proceeded to describe a system for finding six

~permutations ‘that started with each of four colars. With some difficulty, he—
correctly calculated that there were twenty four possibilities in-all, and leaning -
over to speak directly into the interviewer's. tape recorder, he said: "Twenty- .
four. I'm a brain!" ' ‘

ke
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11. Kathy

Kathy, a student who was new %o the school this year, is considered to beé’ni )
- "above average" student. (Her most recent school administered achievement tests
place her in the 60th percentile overall) She is cheerful, confident, and enjev:

"playing" with words and ideas.

From the very beginning of the classes, Kathy displayed a quiet confidence, and
competance in using the computer. Although not very assertive in the rarly group
sessions, she seemed to have an excelient understanding of basics right from the -
start.

1. Kathy’s Working Style

Kathy was a student with a subtle sense of humor who derived a great deal of
intellectual pleasure from her work. She usually warked in an explorational mode,
cr in the context of short tasks, either self defined or suggested by a teacher.
When difficulties were encountered, she preferred to resolve them on her own,
although without a great deal of persistence. When she did ask for help, she was
accepting of the teacher’s suggestions, and readily learned new ideas in the
context of the projects in which she was engaged.

Kathy carried out dozens of small projects in the course of her LOGO experience.
She ‘shifted back and forth between open ended explorations and smail goal
directed projects. Her favorite activity was to repeat and combine existing
procedures to produce new unexpected results. Often she weuld interrupt an
exploration to pursue a particular idea which had been suggested to her by the.
designs she had just created. ‘ :

One of the ways in which Kathy structured her work was in her choice of
procedure names. Her pracedure names often indicated the relationship between
- @ new procedure, and the subprocedures from which it had been built. Thus, a
~symmetrical design was called BARN because it wes built by repeating a

subprocedure called HORSE. A procedure called WORMY was made by doubling all
the sizes in a similar design called WORM. And, in a rare example of. top-dewn
naming, a procedure called MONSTER was made up of subprocedures MO, NS, and
TER. _ :

Kathy was extremely comfortable with giving and receiving help. She often helped
other children with the use of disks, particular elements of the LOGO language,
“ideas for projects, etc. .She was also quite willing to ask for help when ska
needed it, both from the teacher and from ciassmates, especially Monica with whom
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sne worked agood .deal. In this way, . Kathy was abie to make steady progress in
her understanding.of LOGO, in her.ebility to conceive and carry out projects and in
problem sclving skills.

Kathy enjoyed working with cencepts, rather than simply with practical resuilts.
She was the :only student among the first eight to persevere in making the
computer draw a circle. She spent.a lot of time, talking with her teacher and
playing TURTLE, until she understood that she could make a circle by repeating
FORWARD 20, RIGHT 20, over and over again. She rejected the idea of
.accomplishing this with recursion (although it would have been quicker), because
she was trying to follow through with her own.idea of, repeating each step, step
by step. ‘She.did accept the idea to combine several of the steps into a
subprocedure, .and-then repeat the subprocedure to make a circle. When her final
result, SHELL, eventually had too many steps, and went on past the closing point of
he circin, she was catisfied with it. She knew that she could have madified her
circle to meke it close exactly. What she had been concerned with was whether
the circle wauld.close at all. When it did, she was satisfied that shie had solved _
her problem.

TO RCUND T SHELL
1 FORWARD 20 1 ROUND
2 RIGHT 20 . 2 ROUND
3 FORWARD 20 3 ROUND
4 RIGHT 20 4 ROUND
5 FORWARD 20 | END.

6 RIGHT 20

7 FORWARD 20

8 RIGHT 20

9 FORWARD 20

10 RIGHT 20

END

This was typical of Kathy's approach. She developed a concept of what she
-wanted to do. She asked for help when she felt she needed it. She listened to
the various suggestions, and selected from them the ones she wanted to follow, in
- accordance with her own understanding of what the problem was about. Whatever
apnroaches she used in her problem solving, she learned. While she often asked
for help, she did not need to ask for help in those areas again.

Kathy was comfortable im‘tating ideas for projects, and borrowing them frf?arn others

== @ven copying procedures directly from a booklet or bulletin board. She quickly
learned that direct copying often led to unexpected problems, and she became
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more careful with her borrowing.

Kathy and Monica worked together a great deal. (See profile #14, Monica.) Both
of them were interested in small, short-term projects, with visually pleasing
results. Both depended on their mutual sharing as a source of ideas, haip and
reassurance. Although they often worked on the same tasks, they usually worked
separately. Their approaches, and results, were different. Kathy’s favorite
activity was making.a procedure and repeating it. Monica’s was repealing a
procedure and putting a rotation after each repeat. For example, Kathy borrowed
a procedure of Marilyn’s celled HORSE in which the computer repeated the
instructions, BOX, RIGHT 20, five times. Kathy changed and elaborated it as
follows: :

TO HORSE
1 BOX

2 RIGHT 70
3 BOX

4 RIGHT 7¢
5 BOX

6 RIGHT 70
7 BOX

8 RIGHT 70
END

and she repeated it, using:

TO BARN

1 HORSE

2 HORSE

3 HORSE

4 HORSE

5 HORSE

END
Kathy made BARN, after repeating HORSE several times by direct command and
deciding that she wanted to repeat HORSE exactly 5 times. Altheugh she could
have used recursion, she chose to limit her repeats to exactly five. She also
called her new procedure BARN, introducing the mnemonic device “a barn is a
group of horses.” Once again, Kathy was "in charge” of what happened, using the
cliche idea, "repeat a procedure over and over,"” keeping control of both the
processz and the end result,
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HORSE |

"Flgure 11.1 \

Thus wiien Kathy and Monica worked on similar tasks, each child brought her own
specific kiowledge, expérience and "bag of tricks” to the project; and came out
~with a result that made her feel successful. Looked at in detail, we see that the
girls actually functioned quite differently, and what each of them learned from the
project was probably quite different. There does not seem to have been any
great significance to the choice of dngie (20 degrees for Monica and 70 degrees
for Kathy). Both were simply using 8 number that had worked oui well before.
Kathy’s 70 may have been just a mis-copying of Monica’s 20.

2. Some Examples of Kathy's Work

Kathy’s approach to her work is exemplified by a series of small projects which
made use of a BOX and a TRIANGLE procedure as fundamental building blocks. The
BOX and TRIANGLE procedures were constructed during periods of careful, goal-
directed explorations.
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TO BOX
1 FORWARD 100
2 RIGHT 90

3 FORWARD 100 BUX

4 RIGHT 90

5 FORWARD 100
6 RIGHT 90

7 FORWARD 100
END

i.;;’L - o

Figure 11.2

Kathy: Simple Designs
i

TO TRIANGLE

1 LEFT 90

2 FORWARD 100
3 RIGHT 120

4 FORWARD 100
5 RIGHT 120

6 FORWARD 100
END

A

—
FRIANGLE

Figure 1i.3

Box was the first procedure completed by Kathy and her group, and they
immediately followed by aanstruelmg a series of figures making use of BOX as a
" subprocedure. (See examples in Part I, Chapter 5. section 1.3.2).

natural for her to repeat TRIANGLE as well.

It was quite
She was pleased with the result,

calling it BUTTERFLY. She then repeated BUTTERFLY six times until the ﬂgure
"closed". This new design she called 7BUTTERFLY (reflecting an initiai miscount of

how many repeats of the BUTTERFLY procedure she had used).

TO BUTTERFLY
1 TRIANGLE

2 TRIANGLE
END

Figure 11.4

TO 7BUTTERFLY
1 BUTTERFLY

2 BUTTERFLY

3 BUTTERFLY

4 BUTTERFLY

5 BUTTERFLY

6 BUTTERFLY
END

Figure 11,56

- Following her initial exploration with triangles, Kathy’s teacher suggested that she

put her TRIANGLE and BOX pracedures together to make a "house”.

After some

goal-directed exploration, the HOUSE procedure resulted. Kathy immediately
repeated HOUSE four times (calling this new procedure HOUSE4) until the design
closed. Next she wanted to see how her HOUSE4 design and 7BUTTERFLY would
go together. She named the result-HB47, indicating its relationship to HQUSE4 and

7BUTTERFLY.

1:
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TO HOUSE TO HOUSE4 TO HB47

1 TRIANGLE 1 HOUSE 1 HOUSE4

2 RIGHT 30 2 HOUSE 2 7BUTTERFLY
3 BOX 3 HOUSE END |
END 4 HOUSE

HOSE

Figure 11.6
This set of projects culminated when Kathy declared that HB47 "looks ke

spider,” and returned to goal-directed activily, adding a series of circles to the
design, to produce the procedure SPI.

TO SPI

2 RCIRCLE 30
3 LCIRCLE 30
4 RCIRCLE 20
5 LCIRCLE. 20
8 BACK 20

7 RCIRCLE 10
8 LCIRCLE 10

Figure 117

ERIC - . 155
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Although Kathy had constructed HB47 and its subprocedures by repeatmg simple
shapes over and over to make a symmetrical design, she was also able to make
explicit use of both right/left symmetry and similarity of shape in the process of
constructing her “spider”. It was this combination of more or less random
explarations involving existing procedures, with expert use of heuristics such as
similarity and symmetry when working in a goal-directed manner, that most
commonly characterized Kathy’s work.

When Kathy repeated her borrowed XMASTREE procedure, she found that many
r:peats made a lovely, complex design. Here she used recursion, since she was
not concerned about how many times the procedure was repeated in alil. (Figure
11.8) ,

fiﬂ

Wi
3
oY
=
Hwﬁ

Q AAA ’ Af77 7
. to- ° =2 rr,f F.
: . ) -

0 Y

7713

XMASTREE Figure 11.8 STAR

Later in the series. of classes Kathy did a lot of exploraticn with arcs and circles,

~ and began to work on spme longer projects. One day she decided that a geries of
arcs "looks like a worm," and wrote the procedures WORM and WORMY (in which
WORMY is exactly twice the size of WORM). (Figure 11.9)
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TO WORM:

1 RARC 30

2 LARC 30

3 RARE 30

5 RCIRCLE 16:

TO WORMY:

1 RARE 60:

2 LARC 60

3. RARC 60

R LARC. 68

5 LCIRCLE 20+
END.

Figure 11.8. WORMY

In a. later experimant;, which mszde use of symmestry in an unususl way, Eathy
crealiad: sn- exatic lsoking. 'Mmmﬁsi (See Figwre 11.10).

'MONSTER
Figwe 11.10
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When she decided to teach MONSTER to the computer, the teacher suggested that
she break up the. project inte parts. She isoiated three parts, and decided to
name them MO, NS, and TER, so that her procedure MONSTER would be:

TO MONSTER
1 MO

2 NS

3 TER

END

and the subprocedures were:

TO MO TO NS 70 TER

1 RARC 40 1 LARC 40 1 RARC 40

2 RARC 20 ~ 2LARC 20 2 RARC 20

3 LARC 40 3 RARC 40 3 LARC 40

4 LARC 20 4 RARC 20 4, LARC 20

5 LCIRCLE 20 ! 5 RCIRCLE 20 5 RCIRCLE 20
6 RCIRCLE 20 6 LCIRCLE 20 ~ 6 LCIRCLE 20
END END END

Kathy may have realized that MO and TER were identical, but in any case, she
wanted tc have TER as a distinct procedure to follow through on her naming
scheme. Now, when Kathy typed MONSTER, the result was.

Figure 11.11

Kathy had forgotten to include the interface steps between the three procedures,
so that when she ran the procedure MONSTER, the result was ¢:ite discouraging.
When asked for help in debugging the teacher suggested running MO, NS and TER
separately. When Kathy did so, she could see that the intermediate steps had
been left out. Her teacher helped her to work out what these steps should be,
and in its final incarnation, MONSTER became:
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TO MONSTER

2 BACK 60

3 NS

4 FORWARD 60
SLEFT 90

6 JER

7 LARC 40

Kathy's last project, carried put during classas 21 and 22, alse involved
symmetrical arcs, and also required a good deal of debugging. In this case, Kathy
had tried out a long sequence of direct commands, and made a mistake or two in
copying them inlo her notebook. When her procedure turned out to be buggy, she

had to spend a lct of time stepping through it, in order to figure out which steps
were wrang, end how to fix them. Since she had numbered all her steps by ones,
she had to do a great deal of unnecessary retyping. At several points in her wark
it had been suggested to Kathy that she number steps hy fives or tens, but she
had never felt a need to adopt that suggeetion. (In the class following this c e,
Kathy had a visitor, Renee, who was learning to write 2 procedure. When Kathy
taught Renee, she told her to number the steps by tens. It seems that she got the
point, however belatedly.)

3. Exploring the Effects of Different Angles -

If Kathy’s work had an area of weaknass, it was in Turtle Geometry. Kathy had
difficuity estimating angles, and tended to stay away from projects that mads it
necessary for her to work precisely with angle maripulations. Although she and
the teacher had "talked through" the idea that "when the turtie goes all the way
. around, it turns 360 degrees,” as part of Kathy’s circle project, this became an
idea that she “filed” awuy, and did not find much use for on her own.

To help Kathy focus on the effects of using different angles, she was shown a
POLY :ANGLE procedure. While she liked the designs that it made, she did not
analyze the connection bstween t&:: input number, and the shape that resulted. In
her first seesion expeiimenting with POLY, she used the inputs 88, 234, 12345,
300, 344, 90, 199, 125, and 888, 666, 555; snd 77. Although she used POLY again
on several other oocasions, she continued to choose inputs fairly randomly.
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s

Figure 11.12

During class 20, she was experimenting wiih her procedure WOW which drew a
set of nested squares. She was trying to rotate this to create a particular design,
(Figure 11.7) but could not determine the correct angle despite saveral attempts.
To help her focus on the problem, she was shown the procedure.

TO SPINWOW :ANGLE
10 WOwW

20 RIGHT :ANGLE

30 IF HEADING = 0 STOP
40 SPINWOW :ANGLE
END

This was meant to serve as a vehicle for exploring angles, and for furthering her
understanding of variables and STOP rules.

At first she chose inputs like 800, 9999, 777 ard 666. At the beginning of the
next class, a discussion was held about "iriieresting angles,” and she was reminded
that the TURTLE turns all the way around in 360 degrees. It was suggested that
numbers that divided evenly into 360 degrees might be “interesting. numbers" and
that she spent the period experimenting with SPINWOW, and taking notes on the
results. ' -

Initially Kathy began using inputs that were facters of 360, like 4, 12, and 18, 60
and 90. She quickly branched out to 100, 200, 400, etc. Since she had been
specifically asked to take notes on the results, she paid careful attention to what
was happening, for the first time. For example, she counted the rumber of “cones”

-that appeared in the designs, and this showed her that certain figures (SPINWOW
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Figure 11.13

SPINWOW: 40
0K 200 SPINWOW 400

- SPINHDH €00  SPINWOW 12

161 'SPINWOW 60

AL eoTaminu an
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200 and SPINWGW 400) looked "the same™ Her notes, entitled "Interview with
SPINWOW?’S" are copied from her notebook {see Figure 11.13). (compare this with
Monica’s work with her procedure WISHWOW).

Interview with SPINWOWS

SPINWOW 40: it had 9 points it looked like a spiders web

SPINWOW 200: looks exactly like spinwew 40.

SPINWOW 400: iooks exactly like the two above.

SPINWOW 600: it has three points looks like a martian face.

SPINWOW 120: looks like SPINWOW 600 has that martian face look.
SPINWOW 30: it has 12 points looks like a combined thing of a
snowflake and a spiders web.

SPINWOW 90: it just makes a biger wov;

SPINWOW 140: it has about 17 points looks liks a snowflake.
SPINWOW 69: looks like a wow that was done 6 times has 6 points.

Kathy liked to initiate new projects, was comfortable with new ideas, and enjoyed
the challenge of working on something to which the answer was net known in
advance. She accepted the existence of hugs - even coired the phrase
"exterminating” to replace "debugging” -- and was willing to work to resolve them.
On the other hand, she usually chose to work on small projects, and to carefully
limit the tools requurnd for any task that she set herself. This was her way of
remaining in control of her work, making sure that her experience was not too
confusing for her.

If Kathy continued with LOGO classes, she could have worked or more projects
using angles as variables, and on at least one long term praject that required
advanced planning and the use of subprocedures. More work in ‘hese areas would
have nicely rounded out her LOGO experience.
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12. Kevin

Kevin is a conscientious student who is considered to be "below average” in most
of his school work. On his sixth grade achievement tests his averall national
percentile ranking was 45. Nevertheless, Kevin was consistently a very &able
student in working with LOGO.

Kevin began the series of classes with a confident and accurate control of the
TURTLE, which persisted throughout his work. He did not initially have the same
sureness in using the computer as a tool to simplify and organize his work.
Kevin’s most significant project was the design and animation of a large "turtle”,
which he drew on the display screen using circle and arc procedures. While
working on this project, hie"began.to use the idea of subprocedures and state
transparent pracedures to simplify his work. During the last few classes he
worked on projects involving the use of two and three variables to produce
designs (such as his TUNNEL procedure, Figure 12.11) which used the idea cf
similarity as a guiding principle.

Kevin demonstrated a clear understanding of the concept of variabies and was
able to add variables to his procedures to control both the size and shape cf the
design elements and the starting and stopping of the procedure. He progresses in
his work from using the computer to control the TURTLE, to learning how to
control the processes of the computer itself.

1. Kevin’s Working Style

In the first few classes Kevin demonstrated an exceptional ability to control the
TURTLE. He was quick with accurate estimations and changed or combined steps
with confidence. Kevin was the first student in his group to see that a rotation of
90 degrees was necessary to make a square, and the first to see that RIGHT 90,
RIGHT 90, could be replaced by one instruction, RIGHT 180, to turn the TURTLE
around. He rapidly learncd to shift the position of his head, to parallel the
position of the TURTLE, in order to decide which direction to turn it. In general,
the world of the TURTLE was a very comfortable one for him.

Kevin was a compulsive nole taker, He took notes as he worked, and then
recopied them, so that they would be "neat” in his notebook, When the children
all worked as a group for the first four classes, Kevin was the first to take on the
role of "recorder”. At the end of the first day, after the group had made the
TURTLE draw a box, but had not yet learned how to write a procedure, Kevin
wrote down the steps in his notebook, so that they could be remembered:

163



Kevh 122 . Working Style

Figure 12.1

With the exception of one project, Kevin made ¢ concerted effort to finisk:
everything he started. He was willing to cxperiment patiently, and wheri
something did not werk out exsctly right, stzrt agein. His careful notes of
succassful steps, enabled him to stert easily from where he had left off.

Kevin's major difficuliy in working with the computer was an initial reluctance to
plan shead, or to think about and structure his work more than one step at & time.
The teaching strategy used to deal with this was to supply Kavin with new ideas,
at the mement when they made the greatest sense to him. When they simplified
his work or enswered an immediate need. In this way he was able to assimilate
riew ideas, and incorporate them in Ns subsequent work.

Kevin was very responsive to suggestions from the teacher. He sbsorbed new
idees quickly, when they were relevant to his work and to his existing serse of
how thirgs could be dene. In the same way that Kevin automatically combined
stape to rewrite FORWARD 50, FORWARD 50, as FORWARD 100, the next time
he wrote it, or RIGHT 90, RIGHT 45 ae RIGHT 135, he readily scught out and
accepted other idess thet led to shorteute, or strsamlining in a particider project.

Kevin kad & iinear approach to problem solving. He approached tasks one step at
a tire, in order. Advence planning was not his spacisity, Although he did leern to
use nubﬁrﬂeuﬁn*n within a larger project, when he had one part that was
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repeated over and over, or when he needed to break up his work into

o menegeeble chunke, he was never mterested in "tep dewn" plenmng, in whu:h he

hew te ergenaee them

Kevin’s work during the series of classes can be divided into a few major
segments. During the first four sessions he worked with the entire group,
learning the basics of LOGO by developing some designs involving squares. Next
he invented a triangle procedure, and created other. shapes using the triangle.
After abandoning a complex fleg project he begen his largest project -- making
the computer draw and then &nimate a large "turtle”. He worked on this for the
major part of six different classes. During his last three working sessiors ¥evin
worked with POLY procedures, exploring angles, shapes, variables and siu. rules.

During the first four classes, Kevin took a letref leadership, as the class worked

- together on a series of projects involving boxes. Kevin suggested ideas for

projects, names for projects, and was especially helpful in suggesting the steps

needed to carry out the projects. It was only when the teacher suggested that

one. of the projects be carried out in a top down, plan-ahead manner, that Kevin

had difficulty understanding what was® happenmg, and how to proceed.
R b , {

2. Kevin’s Early Projects

Kevin’s intuitive grasp of Turtle Geometry became more apparent dtring his first
independent preject -- meklng a tnengle His very ﬁrst ettempt was RIGHT 45

B

figure 12.2

He needed two tries, experimenting with the angle at point C, Eefnre hitting on
RIGHT 45, RIGHT 40, RIGHT 50, which he first combined to RIGHT 45, RIGHT S0,

“and then to RIGHT 135, when he wrote the procedure. in estimating the distance

to close the triangle he first chose FORWARD 150, then moved the TURTLE BACK

10, and changed the total to FORWARD 140 in his procedure. Kevin's tnangle

precedure, arrived at in avout 25 minutes of explnrettan was:;
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: | TOOF
| 1 RIGHT 45 |
2 FORWARD 100
3 MGHY %0
4 FORWARD 100
8 FORWARD 140
ENG

| g Figure 123
When Kevin repeatad OF, it made a flower-like design. He also used his OF

procedure, along with BOX, to mske his own vorsion 6f @ house, and a row of two
houses. - : -

TO FLOWER

I OF ( /
. A0F

5 RIGHT 180,
6 FORWARD 200

Figure 12.4
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TO HOUSE

1 BOX

2 RIGHT 90

3 FORWARD 100
4 LEFT 90 —
5 FORWARD 20
§ RIGHT 90

7 OF

END

TO 2HOUSE
1 HOUSE

2 PENUP - |
'3 FORWARD 100 | ,. .
4 RIGHT 90 | |

5 LEFT 180 —~—— e
6 FORWARD 100- I

7 RIGHT 90 ZHOUSE

8 FORWARD 50

9 RIGHT 90

10 PENDOWN

11 HOUSE

END

Figure 12.5

Kevin’s next project was to make a large American Flag. His flag was worked out

as a long sequence of steps. It was based on the procedure BIGBOX, which

provided a background of 100 by 100 squares in a 4 by 3 grid. Kavin used the

boxes of the grid as markers, as a kind of "coordinate system,” so that he could

teli how long the e'-ipes should be. The flag, which Kevin worked out
experimentally-by direct command, looked something like this:
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Figure 12.6

Kevin took careful notes, and attempted to write down each successful step in his
notebook. Unfortunately, theres were many steps, and Kevin made a few mistakes
in copying. The process of debugging the incorrect steps, and restoring correct
ones seemed tﬂa I‘armidable ta I(evin, and he deccded tu abandan the praject
praject using aubpracedures for the Iang and short stripes, etc. Sumehﬁw, Kevin
did not understand this approach. Or he did not want to "shift gears™ and start
over. He preferred to drop the project -- tha only time Kevin ever gave up on
anything ha started, ,

3. Kevin's "Turtle" Project

Next, Kevin began what became his major project -- lasting for six classes, over
a two week period. This time, he did a certain amount of advance planning. First
he drew a picture of what he wanted the "turtle” to look like (Figure 12.7), and
started right in to construct it, using arc and circle commands. This time, Kevin
was willing to work in terms of subprocedures: SHELL, HEAD and FOOT (at the
teacher’s suggestion), but his approach to building the "turtle™ was still sequential
-- a step by step process.

168



Kevin — o M27 ______Drawing a "Turtle”

\
-
O

\ . Figure 127

While working on this praject,'l‘fevin absorbed a lot of new techniques. He
became expert in the use of PENUP mode for explorations, He learned to use

RARC and LARC with_precision, carrying out careful - explorations -with-the—

- TURTLE’s pen up by using, for example, RARC 90, followed by RIGHT 180, LARC
90, RIGHT 180: Kevin was also shown an arc procedure with a variable .angle,
ARCR R :A and ARCL R :A, so that he could easily move the T\URTLE around the

circle which formed his "turtle’s" outer shell.

As he had done for the flag project, Kevin invented his own coordinate system to
aid him in moving around the outer shell: the 3500 display system leaves a dot
after each individual step, The RCIRCLE procedure Kevin was using made use of
angles of 10 degrees as the basic step. By experimentation, he discovered that
ARCR 90 60, for example, would move the TURTLE exactly six dots along the
outer circle. In this way, Kevin was able to navigate the TURTLE around the
SHELL in a precise manner, to locate the "turtle's" feet, and tail, in relation to its
head and each other. \ ' ‘
Another device which Kevin used to draw his “"turtie”, was the use of two

modular subprocedures, FOOT and BKFOOT. Kevin would move the TURTLE

around the "turtle’s” shell using an arc command until he reached the point where.
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he nesded tc locate a foot of the "turtle®. With the help of his teacher, he wrote

the procedures FOOT and BKFOOT. These weéré almost equivalent to s state

‘transparent procedure which drew a foot of thé “turtie™ and returned the TURTLE
to the shali, ready to move arcund o the next polit et which a foot was needed.
TOFOOT TO BKFOOT

- S FORWARD 8 10 FORWARD 11

IORARC20 ' 20LARC20
15 RARC 20 30 LARC 20

20 FORWARD 11 40 FORWARD 8

\

S

Figure 12.8 :

In this w;y.-~K§,vln could move slong the circle until he came to the point where a
FOOT was wanted. He would then use the-following sequence: - LEFT-90, FOOT,

RIGHT 180, BKFOOT, LEFT 90. This would retirh the TURTLE to exactly where it

had been before making the FOOT, ready to continue its journey around the
: v \l- -5

. SHELL (Figure 12.9)



 Kevin . - 129

SHELL

HEAD LT 7¢ ARCR €9 30

- FOOT RT 180

BKFOOT LT 90

| Figure 12.9
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Kan ' : : momen sd ‘them, ‘as long @5 thay
fit. intn tha basic sppraacn na waaiusing ‘He rej;cted tha idea at making the
FOOT pry _:f,jja iteslf ‘olate transparent (the teacher’s: ‘idea), but combined it ‘with
*EKFMT ) s QWn Wa)

¥ f’tly, without hesitation. 1t- W%s ;han fairly easy for him to
completg ﬁe“bsue (Figure 12!0) ‘He ‘had abandoned the idea of meking lines
across the shell.

Figws 1210

4. Kevin’s Work with Variables

\
Kevin's Iast few prnjeetsf irvolved POLY procedures and vansbles Kevin was-
shown a-POLY :SIDE :ANGLL procedure, and after he had explored using it with
dlffarent inauts, the teacher suggested that he kaep the angle input constant,
while verying the size. He then drew a series of POLYs wuth a constant angle of
45 degrees. POLY 50 45; POLY 55 45.POLY 110 25, This made a design that
Eaxin csllud a "tunnel”. He end the iegahar tatked throu ﬁ ’ thr- prﬂcadure

3

cause | givﬁ a_good sense_of how_well .

“for ;exactly the same purpose. - Oce he adop!sd the idas, ~—
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TO TUNNEL :SIZE

10 POLY :SIZE 45

20 IF :SIZE = 105 STOP
30 TUNNEL SIZE + 5
END

Figure 1211

- During the next class, Kevm made-a great Ieap in understandmg the use of

variables. He experimented with varying the size of a POLY whase z;ngla was 30.
Then with some help from the taacher. he wrote lhg-

TOLIFS :SIZE

10 POLY :SIZE 90

20 IF :SIZE =150 STOP
30 LIFS :SIZE + 2

END

Figure 12.12

Kevin then asked if "the amount the POLYs grow 2ach time" could be changed, and
if the largest size could be changed. He picked the variable names SET and
LARGE for these quantities, end with some syntax heip from his teacher, wrote -
the procedure

" TO UFC :SIZE :SET :LARGE

10 POLY :SIZE 90 |
20 IF :SIZE = :LARGE STOP
30 UFC :SIZE + :SET :SET :LARGE

END

In the course of explaﬂﬁg the use of different inputs to this procecure, Kevin was

~ delighted to discover that keeping all the inputs the same had the effect of
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producing a veriiole suzedsqmre He understood that the reason the procedwre
drow only one square was that the starting and ending sizas were identics.

i

UPC55100  {fc 100 100 100
. Figrel1213

During these sessions, Kevin demonstrated the same quick learning in the use of
variables, that he-had shown with regard to Turtle Geometry. _This was possible
because he:wes using these elements, maniputating them to- achieve a purpose.
Always ready to absorb an easier way of doins; :>mething, Kevin was able to
. make a lesp In understanding that he hed not ¢ il 7ed earlier, when the ides of
vartsbles end stop rules had been introduced as a jesson for the whole group. .

5. Conclusions

Kevin began the series of classes with a very strong and accurate sense of how
to control the TURTLE. He did not originally show the same sureness in using the
computer as.a tool to organize-and simplify his work. While working on his
“turtle” project, he began to use subprocedures, and state transparent designs to
simplify his work. By the end of the series of classes he hed assimilated the idea

of using variables to control the size and shape of repeated POLY designs, and to .-

control the procedure itself. Thus he had moved in his work from using the
computer to control the TURTLE, to lesining to control the computer itself.
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13. Laura

Laura is considered to be an average student by her teachers. (Cn her most
recently recorded school achievement tests, however, her national percentile
ranking was 73.) Laura got off to a good start in her LOGO work, quickly
mastermg basic TURTLE commands, and the use of procedures and subprocedures.

" By session 8 she had completed a substantial project -- drawing a face using a

top-down program structure with subprocedures.

She worked really well for three or four more sessions -~ after which her
progress bogged down a bit as several new ideas were introduced in close
succession, and 'th,e projects she was trying to de became harder.

1. Laura’s Working Style

Laura had a tendency to try to learn quickly. .She wanted to "know" the answer
immediately and preferred not to ask for help except when absolutely stuck. In
addition, she had a clifficult time articulating her purposes in working. Whether
this was due to the fact that she herself did not know her-purposes, whether she
knew them but could not articulate them, or whether she just fe!t that they were
"private” and did not want to share, is not entirely clear. What is clear, according -
to an analysis of her dribble files, is that there were times when she was
confused about left and right turns, about the effects of a series of steps in a
procedure, or about error messages generated by misunderstaricings about LOGO
syntax -~ and she did not ask for help, or use any other thoughtful strategies for
clarifying her confusion. Laura often evidenced confusion by appearing bored, or
by acting in @ particularly "perky” manner. In describing Laura’s experience we
will try to |dent|fy what we believe she lesrned solidly, and what she evidenced
confusion about.

Laura showed great interest in making large, frealy conceived designs ;n the
display screen. She created the designs one step at a time, considering
thoughtfully the size and placement of each new-addition to her creation. ‘It was
difficult for Laura to make the transition to formalization of her work; to breaking
it down into small tasks; and to planning and organization. Consequently, there
was cften a gap betWeen what Laura wanted ta accornphsh and what she was

‘\mth sevaral subprace‘dures, a serles of demgns usmg clrcles and squares afA

variable sizes constructed by means of recursive procedures with changing inputs;
a "madlib"” language game for which Laura created the basic story, tirote out lists

“of nouns, verbs, adjectives, and adverbs, and for which the teacher helped with

most of the programming; and causing the computer to draw her initials.
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.Eamatimas Laure appaarad to b@ bamd dn hlndiiiﬁt this appears to have bean a -~

manifestation . of her confusion. Too mich stress was placed on offering her new
idess; rather then .understanding her:confusion, and taking. steps to help her-limit

her :choizes and consolidate ‘her -earlier learning. - Laura’s difficulties were

compouinded. by the fact that she-did not like'to ask for help, she did not like to

be ﬁmarwad in her work, and she -assumed an ' alr of canfldence“ at all times.

At the - very first -session, Laura. showed, great interest in pracedure names and in

"communicating™ with the computer. ,S!e noticed "FOO" on the display screen, and

-asked "Does the-computer eat? It says *FOOD™ She was also very intrigued when

she mistakenly typed "BLT, and the computer responded "YOU HAVEN'T TOLD ME

. HOW TO BLT." "(Much later she was to say “let’s taach it how. to BLT,"” and "Gary,

‘remember BLT""

LEHFB, who is left- handad often had afﬁculty "dnvmg the TURTLE " especially in

. distinguishing lsetween left and right. “(In-her face project, the eye on the right of
the drawing ‘was -called LEFTEYE which would have been accurate from the
pergpective of the face -- Inﬁkmz out from the dlsplay screen) She often
‘raversed httara in spelling (NQES f@r h%ﬁé" :Etcg

At the same: tlme, Laura derﬂcnstrated over-and over again, that she did: nat Ilke

to make an analggcza effort in her work. She cauid copy a "formula” successfully,
and ‘even have an idea why it worked, but sha had dlfflsulty in adapting it to a
new eiiuatmﬁ. -or changing it shghtly ‘She rerely made a EpEulflc plan that she
tried:to carry -through -- preferring to erase a pracedure rather. than edit it, and
to clear the screen and start again with a drawing, rather than analyze what was |
wrong, -She .even develapéd a_habit gf typing FDTS (PRINTOUT TITLES), every

time shé wanted to make any ahaﬁge in what she was’ doing, This-had the effect
of displaylng a long string of procedure names on the screen, and totally "wiping

~out" her.previous work. (Tina. created tha same effect by typmg a strlng of

carﬁage returns)

. lt snmad mpgrtant far Laura ta gwa the wnrld the impression” that she "knew

x uttandmi e

a-lot;" without meking a real intellectual effort to learn. Along with this went the
strategymf ‘hiding what she disn't- know, .and when she did ask for heip, anly
the. -rmnlrnal amount -necessary to-solve the immediate problem -- lLe.
cegure to do the right thing == witlwut cancentratmg on the undarlymg

bigging: stratﬁgles -
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2. Laura’ Work in TgrjtigiGeérqetry

Ouring the first class, Laura had a good deal of difficulty "driving the TURTLE" --

choosing correct numbers for right, left and forward. She appeared "bored" “.vith

- TURTLE driving activities, and the teacher introduced the idea of writing a random

pracedure, and repeating it -~ an idea that Laura seemed to enjoy and understand
-= but that she never tried for herself when working alone. When Laura got her
first .chance to work alone at a graphics terminal she worked without advance
planning to build an eiaborate cpen ended design. In the next class, she did
another elaborate design invelving many instructions, some of which had already
disappeared from the screen before the design was complete. When she
attempted to "capture” the design on paper so that she could teach it to the
computer, she had already lost some critical steps from the first part of her
exploration. ‘

At the beginning of the next session, she was asked to plan a simple design by

drawing it first on paper, then trying to draw it on the screen and finally teaching
it to the computer. Laura decided to make a face, and drew the following sketch!

Res@ | hGrde Yo

SOV T B |
., Figure 13.1

Carrying out this project was difficult jor Laure. She had not yet written any
procedures, and this project needed sub-procedures. In addition; all her
previous designs had been "planned as they went along,” with Laura working in
"designer mode" -- try this == then try thst. Now she was trying out a fixed plan
== but she did not understand clearly enoiigh how to manipulate the sizes of the
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‘elements -- circles and s
be in the correct positi

project.
TO.FACE

1 NOES
2 RIGHTEYE

‘3 LEFTEYE

- 5 SQUARE1

END

TQ RIGHTEYE.
1 PENUP

2 FORWARD 60
3LEFT 90
4 FORWWARD. 40
5 RIGHT 50

6 PENDOWN

» LCIRCLE 30
ENOD

TQ LEFTEYE

1 RIGHT 90

2 PENUP

3 FORWARD 80
4 RIGHT 90

5 PENDOWN

6 LCIRCLE 30

END-

In retrospect, this pro _
learning path. The things that she “lsarne
- this point. Lewra was also put in the pos

~ until the project was finished. On the oth
result, and: did have an opportunity to.
- with TURTLE manipulations. She learned
and was exposed to the idea of a superpracedure,

_ Tgrtle;@éa’ﬁij try -

quareii‘éﬁi howtelacstn th«;_‘é:;rila é@ that they would

one. She needed a lst of help to wark through this

TO NOES

1 LEFT 90

2 FORWARD 100
3 RIGHT 90

4 SQUARE

§ RIGHT 90 .

6.FORWARD 20.
7 LEFT 90

END

TO SQUARE1

0O~ O LN ) PO

10 PENUP

20 FORWARD 70
30 RIGHT 90

40 FORWARD 160
50 PENDOWN

60 LINE1

70 LINE]

50 LINE1

90 LINEI

END

N

d’ were not totally absorbed by iiar at .
ition of "needing help”, which continued

er hand, she was very pleased with the
work much more carefully asd critically -
to write procedures and sub-

TO MOUTH

1 PENLIP
2 FORWARD 100
3 RIGHT 90

4 PENDOWN

5 FORWARD 50
6 HIDETURTLE:
END

TO LINEI
1 RIGHT 90

2 FORWARD 225

END

Figure 13.2

ject may have been an interuption of Laura’s natural

procedures,
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When Laura went back to "designing," she used circles of ditferent sizes. Laura’s
next procedure, AROUND, a collection of different ized LCIRCLES all startirg from
the same point, was not constructed by following a specific pattern -- rather,
Laura added circles in a somewhat random way: Large, smaller, smaller, smaller,
smallest, largest, smaller, smaller, larger..as if she were studying the design and
asking "what size circle would look good ncw?" Her procedure was copied
directly from the screen. She numbéred her steps by 10’ for the first time.

TO ARGUND
10 LCIRCLE 90
20 LCIKCLE 58
30 LCIRCLE 48
40 LCIRCLE 20
50 LCIRCLE 10
60 LCIRCLE 96
70 LCIRCLE 5%
80 LCIRCLE 33
80 LCIRCLE 66
END

F‘igure 133

| Next, she made a symmetrical procedure AROUND1 with RCIRCLEs, and then put

them both together. Following this Laura went back to more free form
experimentation in her “designer” mode -- try this..then see what looks goad
next.

Session eleven was one of Laura’ best days. She developed a fairly complex
design. She copied the steps in her notebook, and then taught the procedure to
the computer. At the teacher’s suggesiion, Luura made one part of the design a
sub-procedure, which simplified debugginz. Laura had to do a lot of debugging,
berause she had difficulty copying correiily from her notebook. She weorked a lot
with the EDIT and PRINTOUT (PO) commands, comparing the steps as written in
her notebook, with the steps as listed in the procedure. She did not debug by
tracing through the procadure dirertly, to see what each step was doing.
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GOE

\ i
Figure 134

Laura® warking style seems to have been: Try something. If you like it, copy the
_,tepf‘ down in ynur nalebock Then lEnEh lt la lhe c:ampuler ccpylng the steps
Laura reahgéd that pracedures cnuld be chaﬁged !f necessary, 5he did nat see the
pr acedure ilself as the thing to be Eﬂerimented with -- try'ng it out, and then

Dur’ing later classes Laura worked a lot with recursion, variables, stop rules, and a
long language project -~ a "mad lib" game. She did not return to "designer mode”
until ane of the last classes, when she picked up on one of her first project ideas
== making her initials. :

it is clpar fram her dribble fi! es that Lau._s wnrked on her initials by a process Qf

QQ_L plan ahead or try to thmk abaut “the eaSiest way ta do it. Asa resul\t she
wound up having procedures with many more steps than necessary, as she
retraced her course in finishing her letter. Her E, made of just four straight lines,
had 15 steps. She reverted to incremienting line numbers by ones after reaching
100: 10, 20, ...100, 101, 102, ..107) in addition, she had bugs resulting from mis-
copying Eteps into and out of her notebook. -The teacher suggested stepping
through the procedure after printing it out and checking it against her notebook.
Laura did not have the idea of stepping through the pracédure on her own, (or
didn’t think sh2 could do it without help, or didn't wanl to bather dmng it without
help.)

When Laura worked on her B (her last initial), she ran into exacvtly the same
problems: - little or no planti=z paor copying to and from notebook; line numbers
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increase by ones above 100; confusion about whether to turn the TURTLE left or
right, and especially no clear sense of how to debug by stepping through a
procedure (playing computer), although this technique had hean emphasized with
her for five classes in a row.

Laura missed two of the last four classes (she was absent for one, and went on a
class trip for another) and never completed her initials -- although she could
probably have finished them, and created a superprocedure to draw all three, in
about one more session.

3. Laura’s Work With Recursion and Variables

During ciasse 12-16, Laura was introduced to recursion, procedures with inputs,
recursion with fixed inputs, and recursion with varying inputs. In later classes she
returned to do some more work with variables using recursive procedures with
two inputs.

In session 12 both recursion, and the use of variables were introduced to Laura.
She was shown ~ procedure:

TO TweisT
10 LCIRCLE 40

20 RIGHT 30

30 TWIST \
END -

She then wanted to make TWISTs of different sizes and was shown how to make
the size of the circle a variable, She wrote:

TO TWIST2: SIZE \
10 LCIRCLE :SIZE
20 RIGHT 80

30 TWIST2:81ZE
END

She seemed to understand what she was doing. Although she had intreduced the
RIGHT 90 in line 20, she seemed surprised that the shape of her circle design
was_ different from the preceeding one. She understood that she could vary the
size of the design by varying the input to TWIST2. -

In the next session Laura continued to write procedures with a variable SIZE.
She began to indicate more confusion. She usually left the :SIZE out of the
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procedure title. She tried to use EDT (EDIT TiTLE), but used it incorrectly and
disregarded error messages. She wrote a pracodure called TO SQUARE: SIZE,
which did not use a variable :SIZE wilhin the procedure. And, when copying a
procedure, TQ SQ:SIZE, she made all the forward steps FORWARD 66:SIZE, not
undlerstanding that :SIZE replaced the specific forward step. Once she had the SQ
:SIZE procedura defined correctly, she was able to make & very exciting design
using $Q i, SQE .5Q 82.

Figure 135

To capitalize on this dlscavery, the following procedure was shawn to Laura at
the ﬁext class (14):

70 GEDWSD. SIZE
0 SO :SIZE

20 GROWSQ :SIZE+1

END . ,
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However, when Laura tried to copy this, she typed:

TO GROW SQ :SIZE
10 SQ :SIZE

20 GROW SQ :SIZE
END

She forgot to type in the +1, de_,p:te a very careful explanation by the teache. -f

how the procedure worked. Also, since she left a space between GROW and .

SQ:SIZE, she kept getting error messages when she tried to use the procedure.
She did read the error messages, and tried several ways of typing the procedure,
to try to eliminate the error. She tried GROW SQ, GROW SQ 1, GROWSQ 1,

GROW SQ 1 100, GROW 1 100, none of which worked. Finally she asked for halp,

and the teacher suggested she erase the procedure GROW and copy it over,
making SROWSQ one word. She had been resourceful in trying different ways of
typing the procedure names, but she did not lock at the procedure ilself to see
what was wrong. Anoth:r example of Laura’ basic working style; lots of trial and

. error == no analysis!

Later in the same period, Laura was trying TWIST 80, TWIST 40, TWIST 200. All
of these produced the same figure, since TWIST was a fixed instruction
procedure. When Laura finally asked for help, she was asked to print out the
procedure and look at i¢ to see why it always made the same shipe. Once again,
Laura had tried different things, but had not looked at the proceriure to sme what
was wrong. Still later-in the same class;, she was. making a prucedure to draw a
letter T for a friend, whose name was- Tlna She made two attempts TINA, and
TINA1, neither of which worked. in neither case did she look at the procedure
and try to analyze it.

\y

The next session was a group lesson about debugging, the use of PO (PRINTGUT)
and step by step analysis of a procedure. Laura spent the period playing around
with old procedures, trying to copy othar kids procedures from the bulletin board
{without copying the subprocedures needed), and in ganeral wasting time. This
was interpreted by the teacher as "boredom" and he suggested a new projact.
Laura agreed to try something new, but in her nolebook that day she wrote "By
the way, | am not board"(sic). She may have been confused about what had
happened when she tried to'use variables -- and what she needed was probably
more simple projects using variables in procedures and subprocedures. Laura had
been given more ideas than she could absorb, and this was the message she was
giving -- not boredom.
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Insteda of giving Laura an opportunity to explore things she already knew, and to
consclicate what sha was learning about variables, she was launched into a new
prajrﬂ:t writing a program to produce "Madiibs" 4 This was a good learning
experisnce for her. She had to clarify her ideas about nouns, verbs, adjectives
and advetbs and  w they are used in English == as weil as to inake up a simple
,;tcry, and choose lists of waords that would maxe the story funny. On the other
hand,'it presented her with a whole new sel = f things to be confused about, and
required a lot of precise typing. Althﬁugﬁ Laura wa: ahbie to understand the
languagg aspects of the procediie, it is unclear whai she understood about the
rogramming required, which: involved the use of OUTPLT, MAKE and-a bit of list
processing. Laura was pleased when the project was completed -- but she
hadn’t been able te do much of the programming herself or understand how the
procedures worked. :

4. Conclusions

If Laura was tc conlinue as a LOGO student, we would reconsider our teaching
strategy as foilows:

--encourage her to continue explorations with TURTLE '
commands. She still had a ot to resolve in the areas of
left/right discrimination, analyzing sequences of steps to see
their affect, und attention to detai! in copying.

--stress pianvd - of simple prejects like initials, encouraging
mare use of sulprocedures.

--gd back to simple applitations of variables, again with
stresn on planning -- what is supposed to change? where
does it beiong in the procedure'ﬁ what name is chosan for
the variable? etc. Thsn thzre would be examples nf the se
of procedures with variables as subprucedures, in both
iecursive and nen-recursive situations. lLaura was close to
understandin, {":se poinls -- but go! presenied with too
much, tos zoon. ' '

--Cnie area which Leura did rot really got isic, which might
excxite her as a detigner, is répetition of a random set of
commands.

--1t might be useful to expariment with the use of an
asutomalic drawing procedure like DRAW, so that Laura could
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experience success with some of her mora elaborate designs.

Given Laura’ avoidance of "cognitive risk"; her reluctancs to
reveal her confusions; and her desire to appear to "know"
everything instantly, she would always be a difficult child to
teach. On the other hand, situations with more stress on
ways she could plan and predict outcomes, and fewer sources
of confusion introduced from oulside, could probably help
Laura assimilate some of the problem solving skills which she
avoided.

-
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14. Monica

Monica is considered to be an "average" student by her teachers. Her most
recent school administered nationa! achievement test ranking was in the 56th
percentile. Her teachers find that she prefers to base her activities solidly on
things she knows, rather than to strike out into new areas.

1. Monica’s Working Style

Moncz"+ work in the LOGO class followed this pattern as well. She learnad the
basics of LDOGO quickly and started off with a burst of enthusiasm and confiden:s
She began with a very good sense of TURTLE state -- she seemed to know
where a figure would be drawn riext, had a good sense of how far to turn, etc.
She was fascinated by making a figure, rotating it, and repeating the process cvar
and over. She easily adopted the use of simple recursion to do this, an! created
many projects of this type. ‘

As the classes went on, Monica limited most of her werk to this particular muce,
and had a hard time getting beyond it. Almost all her work was in the style of
“figure, turn, figure, turn." She learned to use variables, to make the figure turn
different wmounts, and had some exposure to siop rules, which she didn’t quite
master. Monica did not get involved in long term projects of any kind, or show
much initiative in breaking out of the "mald" in which she had placed herself.

Monica had a very close relationship with Kathy, the other girl in her class.
(According to their classroom teacher, they did not have a close relationshir:
outside of the LOGO class) The two girls oiten consulted together, borrowd.c
ideas, worked on the same, or similar projects, and asked for and offered halp to
each other throughout the classes. Their relationship was rormally quite "msical”
with a lot of give and take, although leadership shifted back and forth. Different
observers who had come for a single visit observed: "teacher-studeat relation

- between "orica and Katly. Monica telis Kathy what to do and Kathy - ways goes

to Monica to male sure she has done it right.." or, anothe; time: "Monics was at
a loss as to what te do With he-self.. al lael Kathy arrived. Kathy Sound a
warkshe:et for her..(she} got upset, ranicked and ran to Kathy for a new thing to
do.” Anothar observer: "K and M work together very censtructively -- each on
top of things, niaking suggestions”. This last nbservation corresponds most closely
tc our sense of their averall relationehin througicut.

As the classes went on, Monica tended to have fewsr idess of what she wanted
to do. She would borrow ideas from Kathy, from the bulletin board, or from a

.booklet of projects, often copying csreiasaly, by rote. net thinking about what the
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steps were supposed to do. Monica did not have much of an inclination to plan, to
think- ahead; or to debug her work. If something didn’t work out the way she
wanted it to, she would often just forget about it, leaving a bunch of useless
procedures in her file, along with the good ones. She rarely asked for help.
Aithough she had been shown how to use ED (EDIT) to change procedures at an
early point, she rarely chose to. use it. Her procedures tended to be short and
simple. If they didn’l do what she wanted, she’d forget them. Diring tho last few
classes, Monica expressed an interest in debugging a rather lengthy procedure,
her. HAT procedure, that drew & Christmas tree, so that the stump would be
"siraight”. She.wanted to change it from: ,

Figure 14.1

This was her-first real interest in any procedures longer than a few lines that did
not simply repeat a few fixed steps.

l
Maﬁiq'ais use of names was erralic. Her "HAT" made a "Christmastree.” BOX, TRi,
BUS, -BUSWHEEL, BUSWHEEL2, KGUSE, HOUSES, re'ated to specific objects;
HORSE, WAVY, WISHWOW, BOODLE, HOTHOUSE, were fairly random. She seemed
to hale di-iiculty choosing names, as she hzd difficulty chosing projects,

Menicfa kept thorougl. ales of her work by wriling dowr; 2very procedure in her
notebook, either before or after trying ii out.

<. Monica's Wark_in Turtle Seomeiry

Laring: the first few classes, when the greup of iz children worked tegitocr,
Monica. demonsirated a gand understancing of TULILE slale. By considering
waere the TURTLE was, she wes able to predict iwhere the next prociediv e would
occur. This was especially useful, because the projects that the children were
doing involved making de'i;ns wilh squares, using & BOX procedure. in the sixth
ciass, Monica. and Kathy worked together, putling a BOX and a TRIANGLE together
to rrake a HOUSE. Monice Lad & very slrong sense {much betler than Katliy's) cf
ow mucti ta tuzn the TURTLE, to get the twe. figures te linc i2p.

1?557\
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On the other hand, when Monica tried to make the TURTLE draw a triangle, she
had great difficulty separating the different variables. She werked steadily for an
hour, trying to make a triangle that would close. Her problem was, that she
worked without an effective system. She had to deal with five different variables
(three lengths and two angles). She had a hard time fixing on which one to vary,
and so, kept getting close to a solution, only to have her next attempt produce
something quite different. She used two different strategies as she worked, and
kept switching between them. She got quite confused about what was happening,
and never succeeded in getting the triangle to close. Still, she stuck to the task
doggedly and came remarkably close to a solution without actually getting one.

in the seventh class, Monica copied a state transparent equilateral triangle
procedure, and begs~ to experiment with the effects of putting rotations between
triangles. She put a whole series of triangles rotated at different angles, on top
of zach other.

It was suggested that shc give names to some of her designs such as TRI9O0 for a
series of repeats of TRI, LEFT 80; or TRI40 for a series of repeats of TRI, LEFT
40 (both sequences she had used in the previous class). Monica understood the
idea of making each design a saparate procedure, but she had her own approach
to naming them:

TO TRI4 TO TRI42 TO TRI442
1 TRI ’ 1 LEFT 40 1 TRI4

2 LEFT SO 2 TRI4 2 TRI42

3 TRI END : END

4 LEFT 90

5 TR

6 LEFT 90

7 TRI

END

Jrunck,
o
*d
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TRI4 TRI442

Figure 14.2

The rest ef the period, was devoted to a lengthy series of repeats of TRI, LEFT
10. Monica’s plan was te complete a circte of these with this shape, and then to
teach it to the computer as a procedure. After 13 repeats, a half circie was
completed, and Monice concluded that 26 repeats would produ » a full circle. At
this point, Monica was shown how to use recursicn as ar “easier" way to
accomplish what she wanted to do:
\

TO FAN and TO FANBOX

1 TRI 1 4BOX

2 LEFT 10 2 FAN

3 FAN END

END '
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TO FARBOX
1 4B0X
2 FAN

Figure 14.3

3. Difficulties with Debugging

On another occasion Monica mis-copied one of Gary’s procedures from the bulletin
board. The litle should have been FOO2 instead of FA0. Her FOO had no graphic

effect, but produced a "NO STORAGE LEFT." error message.

TO FOO

- 10FO0
20 FOO
30 FOO
40 FOO
50 FOO
60 FOO
70 FOC
80 FOO
30 FGO
100 FOO
110
120 FOO
130 FOO
END

o

This was the 'first time thei Monica had not ‘ried each step of a procedure, bef?ra
teaching it to the computer, This time si)e nad copied a procedure line by line,

\
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without reelizierg that she also needed a subprocedurs, FOO. She did not ask for
help, or try to-debug FOO in any way, but ignored it and went back o a previous
exploration, '

In subsequent classes Monica continued to work in ways which were becoming 3
definite pattern: she did more work alang the line of shaps, rotation, shape,
rotation, etc. She also avoided debugging procedures which did not do what she
wanted. During a. later cless she copied some more procedures from the bulletin
board, and from a project book. Most of these precedures did not work, either
because of enrars in copying (like the mistake she had. made with FOO) or
because she ditd:not pay attention to the subprocedures needed in esch ~ase.

Manica recorded some of her difficulties in her notebook, without any attempt to
anelyze them: "Today | made a DOOULE.. and | triea ‘wo DOODLES but it
wouldn’t work aut too well..and | tried to make a slinky.”

TO DOODLE TO SLINKY

10 DOQDLE 10 CIRCLE

20 ROODLE 20 FORWARD 10
30 DOOPLE 30 SLINKY

40 DOOLLE END

END

In going over the dribble files for these classes, it became evident that Monica
was not looking carefully at what she was doing; that she was not eci.ing or
debugging; that she was following certain patterns blindly without thinking about
them; and that she had run out of ideas for projects. For the next class, the
teacher prepared a collection of buggy procedures, discussed each procedure
with Monica, and then had her try out the procedures to see what the computer
would do in each case. The purposes were to get Monica to notice and focus on
the messagos sent by the computer in buggy situations, and to help her
understand some of the partizular kin:is of bugs that she was experiencing.

Foiiowing this lesson, Monica beéan doing same dabi .ng, but still had difficulty
undarstanding low to use the EDIT command. Her teachers worked through one
problem with her using PO (PRINTOUT) and ED (EDIT), and analyzing a procedure

step by step. In this way, Monica was given a model of how she couid work -

through other situations without help.

in class 13, Kathy and Monica were introduced to the idea of variables, by giving
them o variable square procedire, SQ:SIZE together with a sheet of possible
project ideas. konica and Kathy both chose to make & bus (Figure 14.9), starting
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with two squares:

TG BUS

1 SQ 40
2 LEFT 99
3 5Q 80
END

Monica worked on the bus for parts of twa' psr:ads Once again, she kad
problems editing, edltlng the line, rather than the _procedure. For example, her
BUSWHEEL procedure was

TG BUSWHEEL
1 BUS

2 LEFT 80

3 RCIRCLE
END

When she typed BUSWHEEL, she got the error message; " “LirC.Z NEEDS MORE
MORE INPUTS AT LEVEL i LINE 3 IN BUSWHEEL" Her response was to type ED
RCIRCLE. Clearly she was raading and interpreting the error message, and using
the information to try to debug her work, but she did not understand the proper
use of EDIT.

Another bug was more surprising. She had a problem with the TURTLE state, in
aligning the wheels properly. Her BUSWHEEL procedure had become:

TO BUSWHEEL
1 BUS

2 LEFT 90

3 RCIRCLE 10
END

and whon used (o make a complete bus:

TO BUSWHEEL

1 BUSWHEEL ' \
2 RIGHT 90 '

3 FORWARD 60

4 RCIRCLE 10

END
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makes a bus with a wheel out of position, shown in Figure 14.4,

BUSWHEELZ o

Fipure 14.4 g
Either Monica did not notice that the wheels wers at different levels, didn't fea! it
wae a problem or didn’t want to bother with it he ignored it, deciding that the
project was complate. She went on to other work, going back to her old pattern
of procedurey. rotation, procedure, to produce some more iive designs (see, for
example; Figure 14.5 for a way that Monica: used her BUS procedure in a more
familier mode.)
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In the next few classes Menica continuad to use the rotation idea, sometimes with
recursion, to make procedures like:

10 DeSIGN TO DOG

1 STAR -1 BOX

2 RIGHT 40 ~ 2RIGHT 70
3 DESIGN 3 DOG
&ND END

Her projects were short, and she did not have to do any debugging. She did
borrow one long procedure -- Kathy’s XMASTREE, which Monica decided to cali
HAT. In copying this procedure she needed to do some debugging and asked for
help with the EDIT command.

4. Understanding the Effects of Angles

Although Monica had been using rotations to produce designs, she had not
discovered any consistent effects of using particular angles. She had used
rotations of 10, 20, 40, and occasionally 70 or 90 degrees in her designs.
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Although she seemed to prefer dense designs, she seemed to have no way of
predicting the effect of using a particular angle, or the sense that cartain special
angles might produce nice designs that closed in a predictable way.

To heip her explore the effect of different angles Monica was shown some new
procedures that used a variable angle:

TO SPINBUS : ANGLE

10 BUS

20 RIGHT :ANGLE

30 IF HEADING = 0 STOP
40 SPINBUS :ANGLE
END

The use of the stop rule, was another suggestion ic halp Monica focus on when
the design was "complete.” Monica used this model to define procedures that
would rotate her HAT procedure, her WOW procedure ia seris of nested
. squares) and her HOUSE procedure.

In typing these procedures, Monica had some difficulties with syntax. She usually
‘left out the :ANGLE in the procedures title, and was shown to use EDT (EDIT
TITLE). Now she was using ED properly, but had difficulty with EDT. She did,
hawever, correctly interpret the error messages, and debug the procedures on
her own. C T

In the next class, Monica was asked to choose one of her procedures, and
experiment with varying the input, keeping records of the results. She chose to
use the procedure

‘'WISHWOW :ANGLE

which rotates a groun of nested squares.
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She kept meticulous notes in her notebook, describing what the shapes looked
like, how they grew, and comparing them with similar shapes. For example:
"WISHWOW 160 looked the same as WISHWOW 40. It had thin cones

and there were 9 of them.

WISHWOW 165 had thin webbed cones and you couldr't really see them
that goed. =

WISHWOW 190 had cones but they looked like they didn't close up.
And it was fatter than other ones. It had more equares and cones. The
cones were thin. And close together.

WISHWOW 45, WISHWOW 90. These 2 look almost the same but
WISHWOW 45 looks like it goes twice around instead of once. And the
é'ﬁﬁéﬁsﬁéped things on the sides are bigger than the WISHWOW 90
otiés.”

Cledrly, Menica was making some interesting "discoveries” about angles. If she
had gone oh, she could have compared two procedures -- for example,
WISHWOW and SPINBUS, with the same inputs. She could also have used other
inputs which involved simpler rotations (such as 45 and 80). A chart could have
been helpful to organize the information she was gathering. All these things
would have sllowed her to consolidate her discoveries about angles.

S. Conclusions

_Because each of Monica’s individi:al "projects” had been very short and simple,

Monica had not developed a sense of urgency about "finishing" any of her work
before the end of the series of classes, Aithough some important continuations,
conselidations and clarifications were beginning to cccur for her. Monics, herself,
had ne such sense of cantinuity. Although she probably would have enjoyed
continuing, she was also quite content to stop her work at this paint.

~ Throughaut the classes, Monica seemed to be most comfortable learning by direct

imitation of examples or models supplied. In this way she learned to write
procedures utilizing simple recursion, varisbles and stop rules. If the context was
shifted, or & small mistake led to a bug, Monica was often stuck, She usually
chose not to analyze her mistakes, nor did she undertake long projects requiring
advanced planning, or a large number of subprocadures. Near the end of the
series of classes Monica gradually began to be comfcrtable with editing, and to
uniderstand how to analyze a procedure in a step by step fashion,
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Monica’s investment in any particular project was slight ~- she could easily
discard it vithout debugging if a problem occurred, and go on to a new activity,
which might prove succesful. She had a large number of small procedures, which
allowed her to feel successful most of the time she was working, without having
to confront her confusions. Her dribble files show numeraus ideas sidetracked
without debugging -- and apparently without any strong feelings of
disappointment. In this way, Monica was able to function comfortably in an
environment which was more complex than her understanding of it. When she did
successfully assimilate a concept (as she was beginning to do with editing and
debugging) she did not look back te old probiems, to see if she could solve them
now with her new tool. Rather, she unselfconsciously appliad the new idea to
whatever new problems arose. The old problems had been conveniently
forgotten.

It is possible that Monica would have benefitted from being able to use a

carefully designed set of worksheets structured to lead her from one cencept to
another with mery small projects along the way.
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15, Ray

Ray is a student who has been diagnosed by school personnel as having "learning
disabilities”. He is tutored individually by a learning disabilities specialist several
times each week. His teachers feel that at the beginning of the year -he was
noticeably "slipping" in his seriousness ss a student. (His 6th grade achievement
test placed him in the 24th percentile, nationally.)

Although Ray was initially quite successful in controlling the motion of the TURTLE,
he held himseif somewhat aloof from the activities in the LOGO classes. As a
result, he never succeeded in writing a procedure without assistance, althotigh he
had considerable success (with help) on several projects such as drawing and
animating a rocket (sessions 13-15) and in using the computer with procedures
that enabled him to explore geometric shapes. In general, Ray had success using
the computer in twa kinds of situations: when a teacher was helping him
intensely during a session, and when he was working in a way that required him
to remember only one variable at a time.

The teaching strategy for Ray was to try to structure situations in which he could
be successful without a lot of help from the teacher, since Ray would usually
"forget” what to do when the teacher was no longer present. For the longest
time, Ray did not engage in much "free experimentation™ with the TURTLE. But
towards the end of the series of classes (session 19) he was given a POLY
procedure which requires 'wo inputs to produce a series of closed geamelric
shapes, and a SPI p; ._adure which required three inputs and produced a variety
of spiral shapes. Ray gradually learned how to control the inputs to produce
certain shapes in a predictable way. For the first time, he began to experiment in
a purposeful way, to write things down in his notebook, to use those notes to
remember successful designs. He began to gain confidence in his ability to control
the computer. He invited a friend to class -~ together they had a very axciting
time exploring the shapes produced by the POLY and SPI procedures. Ray’s
teachers also reported a noticeable improvement in his attitude in class, which
they attributed partly to his feeling of success in the LOGO classroom. :

1. Ray’s Working Style

From the first day he came to class, in session 2, Ray insisted on remaining
“aloof"; preventing himself from feeling personally involved with the LOGO
activities. Although he started off quite successfully, and actually was generally
successful under close supervision in his first programming project =~ causing the
computer to draw his initials -~ he maintained his "cool" until the last four or five
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Before summarizing his work, it would be useful to list some of his techniques for
maintsining and reinforcing his posture of aloofness from the activities. He began
by coming feur er five minutes late for each class. By coming to class late, he
could ba sure that the teacher would be siready working with another student.
Then he could wait several more minutes for the teacher to remind him how to
LOGIN, and offer a suggestion for his day’s work. He often walked into class
whistling loudly, blatantly disregarding anything else that was going on. He made a
point of always leaving a few minutes early, and as he worked on activities, he
would look at the clock, to see if it was time to leave yet.

Ray slso made a, point of not remembering how to do things. He would not write
things down in his notebook, and when asked to consult a reference sheet or an
entry in his notebook, he would usually just sit, an! wait for help. This was his
way of reinforcing a sense of helplessness, of *| can't do it", of dependency on the
teacher. Rather than maximizing his use of available resources, Ray deliberately
minimized tham.

Ray refused to learn the dotails of operation of the system and the language. Not
until class 12 did he LOGIN by himsclf. He never wrote a file without assistance.
Likewise, he neve: wrote o procedure without he's, Although he was introduced
to the REPEAT command, and used it to make TURTLE designs thet were quite
pleasing to him, he never remembered the format for using it, and would not look
it up.

We are using words like "refused to learn”, "techniques for maintaining.aloofness,"
"made a point of not remembering,” because we are convinced that these were
definite strategies Ray used, to protect himself from involvement, rather than an
inability to cancentrate or learn.

At the same time, Ray was clearly intelligent, attractiva and charming. He had a
special aptitude for music -- he enjoyed spending time tapping rhythmically,
whistling, and improvising on the piano.

Ray appeared to have a strong fear of failure, and especially of appearing to fail.
His otratagy for coping with this has beer the “class clown” approach -- act a
ktlis bit slily, charm everyone, and sbove ail, don't lat anyone know you're trying.
Our teaching strategy with Ray was to try to structure situations so that he
would be successful, and develop a sense of confidence -~ a sense that he could
do it. This'was dona both by setting up a special animation praoject for him,
~ (which in the end required too much teacher help) and by trying to set up
situations in which he could be sucessful with very little input. The latter
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approach proved to be the best for Ray, as will be ses: i 9m the detailed
description of his work.

2. Ray’s Work in Turtle Geomet.y

Despite his difficulties, Ray was interested in the computer, and its power. He
showed a good deal of "natural ability” in Turtle Geometry. Ray was very
tuccessful in directing the TURTLE, estimating quickly and accurately, both angles
and distances. His first project was making his initials, and he carried it out quite
successfully, combining skill in Turtle Geometry with = quick understanding of
using the keyboard, and an understanding of how t¢ write procedures. (See
figure 15.1)

TO RG TOR

1 PENUP 1 FORWARD 100

2 LEFT 90 ; 2 RIGHT 90

3 FORWARD 70 3 FORWARD 50

4 RIGHT 90 4 RIGHT 90

5 PENDOWN 5 FORWARD 40
B8R . '6.RIGHT 90

7 PENUP 7 FORWARD 50

8 LEFT 100 8 LEFT 140

9.FORWARD 100 9 FORWARD 87

10 RIGHT 60 END

11 PENCOWN —

12 FORWARD 70 — e

13 BACK 70 .

14 RIGHT 90 — ,

15 FORWARD 90 N .
, 16 LEFT 90 N '

17 FORWARD 70 | AN

|8 LEFT 90

19 FORWARD 40

20 LEFT 90

21 FORWARD 30

END

Figure 15.]

Ae Ray went on beyond this project, however, there appeared to be many
difficulties impeding his progress. He would rarely work purposefully unless the
teacher was present. All his further Turtle f3eometry explorations appeared to
be random. He did not remember how to write a procedure, and refused to “look
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it up”, in his notebook. He wis shown hew to make a procedure out of two or
three TURTLE steps, and the use of REPEAT to meke Jesigns. He made several
simple designs -~ SAM, TIM and JOE. Still, he did not remember from time to
time, how to make a procedure, or how to use the REPEAT command. Again, he
refused to look it up in his notebaok.

Aftey completing his initials project Ray's work for the next seven classas was
characterized by short bursts of activity -- especially when the teacher was
present -- and frenuent visits to the water fountain, and to the piano in the next
roora. Ray was nbsent for four of the first eleven classes. What Rey did do
successfully on his own was to experiment with different inputs to REPEAT. He
would use sequences like REPEAT [SAM] 90, REPEAT [TIM] 30, REPEAT [JOE]
20, REPEAT [SAM] 30, etc. (See Figure 15.2)

TO SAM TO TIM TO JOE

1 FORWARD 17 1 FORWARD 19 1 SAM

2 RIGHT 90 £ RIGHT 90 2 LEFT 150
3 FORWARD 28 3 FORWARD 36
4 LEFT 56 :
END

a\ o Figure 15.2
After doing some of these, he'd return to onas he liked. It seemed that he could
‘focus for a short time on the task of choosing inputs to REPEAT, slihough he could
not remember how to use REPEAT from class to class. After a few classes, .
however, this approach had lost interest for Ray, and it became clear that it had
not resuited in his being able to write procedures independently, as had been
hoped. ‘ .

Next, the teacher suggested an snimation projact. Rey agreed, and decided to
animate a rocket. One session was spent drawing the rocket. The teacher spent
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a major part of the period working with him, first helping him figure out how to
draw a triangle (see Figure 15.3), and then helping hir arganize the task of
teaching his rocket to the computer. His ROCKIT procedure had two
subprocedures, TOP (triangle) and ROCK (rectangle). (Swe Figure 15.3)

TG ROCKIT TO TOP TO ROCK
1 TO0P 1 RIGHT 90 1 LEFT 30
2 ROCK 2 FORWARD 60 2 FORWRAD S0
END 3 LEFT 120 3 LEFT 90
4 FORWARD 60 4 FCRWARD 60
5 LEFT 120 5 LEFT 90
& FORWARD 60 6 FORWARD 90
END END

ROCKIT
Figure 15.3

In the next class Ray and his teacher worked through the process of animating the
rocket. He decided that his ROCKIT was too big, so he was helped to make a

- smaller, scaled dewn version, which he called FB His procedure to micve the

rocket was called NKP. Ray was introduced to the idea of SNAPs. He understood
how they were used to animate the motion -- but (of course) he had difficulty
remembering the format for using them.

In the next class the teacher again spent a great deal of time with Ray. He was
not especially interested in varying the speed of the animation but he was
interested in making the rocket turn. Ray and the teather printed out his
animation procedure NKP, ond figured out together where he could put a turn
command, to make the rocket turn on the screen. Ray exporimented on his own
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with different inputs for the turn: RIGHT 300, RIGHT 66, RIGHT Z, RIGHT 3, finally
settled on RT &, as the largest number he could use without having the rocket go
off the scresn. _ :

In analyzing the dribble file from this class we began to be strongly aware that
Ray had been consistently successful in activities that reguired varying enly one
aramater 2t a lime. We were now able to give serioue c. wideration of how to
et Ray involvad in a more consistent reiutionship with his work.

2. Explorations with POLY and SP| Procedures

We finally dscided to give Ray a POLY procedure, with a simple stop rule, and iet
him experiment with changing the inputs. In this way, he would have only one
thing to consider — the choice of numbers to make interesting designs. This was
a successful choice and he continuud to work with POLYs and a POLYSP! type
procedure for the next six classes.

In working with POLY, Ray began by choosing inputs based on "number patterns”
rather than on the effects produced by the POLY procedure itself. For example,
during one class, the POLY inputs he chose were: '

SIZE ANGLE

556 889 increasing and decreasing sequences
765 987

567 987

1000 2000

933 999

1 1 he was intrigued by the fact that

2 2 these made circles

3 3

50 60 surprise! hexagon!

70 80

70 89 he really likes this

70 30 he was shown thie one, to go with it.
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POLY 79 gg

POLY /0 B0 Figurelsﬁ

In next class, the teacher made a point of showing him that the first number
effects the size, and the second number the shape. His work was still based on
number patterns.

SIZE ANGLE

678 987
70 89 an old friend
40 40
50 50 same numbers |
60 60 ’
78 93
1 1
1 . 34 makes a bright dot
98 89 . reversing digits
567 123
1000 1000 same input
200 7820
- 678 - 878 reversal
- £79000 9000  same
765 897 .
850 850 same’ .
100 850 here he was shown the effect of
- 200 850 changing the first input, while keeping
- the second constant,
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o Ray was éhgwﬂfa spi',ral,préegdgfe_! For _th,a;,vfir_ét,.’ time, Ray began

perimented with small numbers like SPI-1 1 and SPI 3

2.3, Ray.found the shapes "boring", because they
80 fast.- The teacher suggested larger numbers: for the
Input, and Ray tried inputs:like 1 100, 2 200, 3 300, and 4400. He was
the relationship between POLY and SP! by putting POLY 100, 200, and SPI

© 2200, on the screen one after-the other. (See Figure, 15.5)

POLY 100 200

Figure 15.5

Ray was a lot more interested now, but he still felt that the spirals went off the
screen too quickly. ' SPI was edited to allow changes in the increment, adding the
variable GROW, and Ray was shown how to use it. :

Ray liked the aﬂmt of the tighter spirals -- especially the emergent designs,
which became apperent with small increments. He tried 1 400 1,1400 3, 1 401

- 1, focuesing now on the effect of changing the numbers, rather than on the

h the effect of the changed input, by varying the rate of growth ~
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Ray care in with his own idea for the next class. “Can | put SPI and POLY
~togelher?” The teacher had a p a work ,
‘POLY- ahd . SPI- designs, and left space’ for him to write down some "interesting"

ambers ‘of his own choosing. He worked with these activities for a solid hour, -

f hi

‘at only two points, riting down_several "good numbers® on the

chart he had Beén given. ' He liked one of the designs a lot, SPI 10, 150, 2, and

" called pevple‘dver to see it At the end of the class he spontaneously punched

holes in his pépers and put them carefully in his notebook. His explorations had
been much mdre systematic: changing only one variable at a time.

‘PoLy » SPI
CSZE AMGLE  SZE ANGLE  INCREMENT

50 - 100 10 30
50 . - 35 10 45
50 49 10 150
10 . 300
10 100
10 200
10 300
10 400
10 500
Ray's 10 150
Favorite

— o ;._. S g DAY Y PO M

 (See figure, 15.6)

In the next session, Ray continued to work with the SPI praocedure, this time,
focussing on the emergent spirals. He had drawn SPI 1 250 2, and when the
teacher suggested making a smali change in the "middle number", he followed
through by using 245, 235, 225 and 215, In sequence. He was also shown how
varying the third input could create quite different effects, by decreasing the

-density of the design,

" Ir;nvt'his class, Ray began to use animation again as well, He was finally becoming
- comfortable with the: computer, Although he was not defining procedures, he was

engaging in significant mathematical explorations, and, best of all, feeling that he
was ‘iﬁ charge. 'F ‘ :

In.the following session he continued to use right and left POLYs, some of his

- The teacher. had also.made up a worksheet for him which listed a few =

favorite SPls, and went back to animation. He learned that he could animate
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srnything, using his NKP procedtire, just by typi'n"g MAKE "FB SNAP, and then typing
- NKP_-- which would animate whatever had been ‘on the screen. He also asked
the teacher to write down the WRITE command in his notebook.

At the end of the period, he came over to where Gary was working and asked
what he was doing, This was the first time he had taken an obvious interest in
anyone else’s work. In addition, he very carefully made-sure to remind Gary:
“better make sure to write your file before you say GOODBYE" thus letting it be
known to cne and all that "he knsw what it was all about” as well as anyona,

The next class was "visiting day” and Ray brought Paul, a séventh greder. He
showed Paul how to use POLY and SPI procedures and a few other procedures:
NKP, SAM and RG. Together they tried out different inputs to POLY and SPI: Ray
referred to his notebook for ideas about what inputs to try, and wrote down new
ideas as he went along.” Ray stuck strictly to. what he was comfortable with:

POLYs, SPls and moving his rocket. He and Patt had a wonderful time, and both
came awayfeeling wonderful. : ' .

4. Conclusion

This turned out to be Ray's last class. He truly went out in a "blaze of glory". If
we had understood earlier how. afraid of failure Ray was, and how important it
was for him- to have only one thing to vary at a time, we might have been able to -
get him "hooked" much earlier. Aithough he did not define any more procedures
of his own, or do any "planning and debugging”, Ray had finally achieved the first
prerequisite for any success with the computer. He had found a way to be in
charge. ' ' * "

One last "footnote” about Ray. When the classroom teachers were finterviewei A‘
they felt that the computer experience had hed a profound effect on Ray. One of
his teachers put it this way:

"There was a breakihrough with Ray..He hasn't connected all
year..been floating, not that there is any resistance or
hostility, but just no connection..(he) was probably swamped
by the reading required this vear..The breakthrough for him
in LOGO, the success he has had, is powerful information for
me..he has produced the besl niece of writing 've seen from
him...His physical arrangement i\as changed, he was isolated in
the room before, now he sits with others.”



16. Tina

. Tina is a student who: has great difficulty with academic work. - In mathematics and
language ‘she is considered to be several years behind her classmates (her: national -
achievement test scores place her in the 3nd percentile). Although she receives
several-hours of special tutoring'in the school’s Learning’ Center each week, the
staff is concerned about her rate of progress, and are struggling to find an
‘appropriate educational program for her as she enters seventh grade,

From the beginning of her LOGO classes, Tina's work provided an exception to
most of the patterns we have observed among the rest of the students in our
~study. Although Tina did very little Turtle Geometry, she was more "invelved”
with the computer than any other student. She developed an almost personal
relationship with the computer she used, giving it a.name, .and treating it in the
way some- chidren treat a doll or a pet. i :
Tina’s major use of the computer was as a typewriter and editor. Using a text-
editing program designed to allow her to use the printing capability. of the
computer without writing procedures or using PRINT commands, Tina wrote a
series of nine "stories”, which she distributed to her family, friends and teachers.
These stories constituted the most significant work of Tina's entira school year.

Tina’s success in writing and completing work with the computer has led to

. success in other areas as well.  Near the end of sixth grade Tina began turning in

~ assignments on a regular basis -~ something she had not been able to do before

taking the computer classes. In addition, a friendship established with Harriet,

- another girl in her LOGO class, has led to Tina's being included socially with Harriet
and her friends in the classroom, ending her orevious isolation.

16.1 Tina’s "Perscnai Relationship” with the Computer

Tina had a very special relationship with.one of the computers, which she called
"Peter”. While this was most noticeable in the earlier classes, it ‘persisted
throughout Tina’s computer experience. In the first class, Tina expressed an
interest in communicating with the computer: "I thought it would talk to you.
Hello." When it responded to a missing space in an FD445 command by printing
"You haven’t told me t.ow to FD445," Tina responded with genuine anger;: "I did,
you fool!™ "Oh, this isn’t doing what | told it to do," she said at another point.

In the next class she again asked about communication: - war{‘};_tq ask it quastions,
Oh you know, What'’s your name? Things like that." The teacher expiained that ali

 the computer’s answers would have to come from her, and showed her how to'use
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a PRINT cmnd. Her fsrst pracndm‘e g;va the :amputer an answer lﬂ her hrst
‘qusstmn. o v

l PRINT [MY NAME IS FETEE]
END

Tina was extremaly possessive about the partléular machine she regularly used.
She felt-that this machine, her “Peter”,.was hers, and. she would say - things like
"Take good care of Peter,” when she left for. lhe day. When she came late to the
fourth closs, "Peler” was already being used by anvther student. Tina starmed and
fussed. "I want to use my computer. That’s the one | use every. day." When the
teacher insisted they were ali the seme, Tina responded; "! hate you..! think I'm
going to cry.." Finally. she was persiaded to use another computer and was
“somewhat reassured by the fact that it resﬁinded correctly to WHO, once she had
 logged in. Although she actually worked quﬁ\s suecessfully ths other students all
nft "Tma s camputer to her in Buzceamng elasses. .

As the clssses ‘went on, Tma s ralatmnship wath "Peter” tempered snmewhat The
~ teacher continued to stress that the computer wes a machine, controlled by. her
and other pragrammers ‘Gradually she reduced her expression of ‘anger at the
* computer, as she’ realized how error messages were related ta what she had dane, '
- although she continued to share credit for her work. with "Peter”. "Do ye you ‘want to
see the stories me and Peter have wrltlen""‘ ‘she wauld ask a vnsitﬂr And she
- would aften introduce visitors to "Peter”, using her WHO prgcedure B

. By the tlrne the r:lasses ended; Tina had pragressed tc a more balanced

-".understandmg of her role in relation to the: camputer Her behavior with the
computer “had .become much more matter-of-fact and she had begun tointeract
very extenswely with the other children in the class. - As ‘she came to undsr stand
the mechanical preda:tab:hty with which the: ‘computer respanded to. her, and as
~-she- ‘began to-take pride in her accomplishments in. story writing, "Peter™ came
more and more to take on the status of a.personal fantasy -- one which a child
' kﬂgws is a fantasy. but persists in playmg sametimes because it’s fun. :

! 'l-'he stfangest eharac&gnslic m‘ Tlna ) appraach to working with the ecmputer was
her need to clear the text display screen. ‘While - many children have a desire to
boor - the: acresn between. projects, or. when bored or. frustraled, Tina exhi N
- i e in.an gxtrame way. . - One- of: Tina's first qugslians was about 'haw to
i 'f“gqt tha WEFﬂS aff ths seraen, and learnmg haw to ac:ﬂrnphsh thus usmg lhe
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_ carriage -return was a major dis:a}very-_afr_her/s_.;during"V,thé;}firstv'}:léssé Once she

figured out how to do it she cleared the text. display after-slmost every line --

especially after error messages. I later classes Tina developed the habit of
clearing the text display before logging in, after ‘logging in, after almost every
instruction that was not part of an ongoing task, and before and after saying
GOODBYE. B | o

Tina’s habit of clearing the text display in this way interferred significantly with
her learning. It effectively prevented her from maintaining continuity in what she
was doing, and eliminated the possibility of her responding to: the computer’s
messages. Even after completing a piece of work Tina would hardly look at it:
after she had edited her first letter, DORIS, she swept it off the screen withoi
reading it. I

computer’s error .

In her pre<LOGO Interview, Tina used a similer strategy when trying to arrange a
series of permutations of a set of colored blacks. The task was te create as.many

different arrangements of the blocks as possible. LR
~ After having done a few, Tina swept the old ones away, clearing the table --

thus making it impossible for her. to know whether the next one was different or -

not.” When the interviewer re-established all Tina’s ‘old arrangements, she made

. one more, and then compulsively swept them all away-again. -~ -

Tina eventually iear’ned to leave several sequential lines on the scréen.fwhi!e '

werking on a specific project -- although it required a definite effort-on her part
not to endulge her carriage return habit. When working on a drawing project, she
would carefully copy all the necessary steps into her notebook, then quickly clear
the screen. (

Tina had a strong desire for completion and correctness in all her work. Although
she vras quite a perfectionist by her own standards,_sometimes working a whole
hour on ene story, Tina never proofread, edited or added to a story once she had
declared it finished. Unless she noticed an error in a particular line while typing it,
or.immediately after typing a carriage return, she never went back to find an
error. Once a story was done, it was done! She might show it to other people,
but she rarely read it over to herself, and certainly not with a view to analyze or
correct it. Incidents iike the following were observed several times. Tina was
proofreading a sentence which began "ONCE UPON TIME.." but she read aloud,
"Once upon a time.." and continued, satisfied that her work was correct. -

~ Tina did develop one way of editing stories, (f she made a mistake early in a stary
she could start the entire process again by typing END, and clearing the screen.
Typing LET LETTER again would clear out her workspace and allow her to begin




L her 5tary sgain.. When she did this, she almost always. typed an |dentieal sentence

v.ngﬁt

to the one shie liad typed before -= without any printed reference -- sometimes
complete with the ervor that hed forced her to start-over in the first place. In
- guch EB!E dﬁs Wo 'f?stap and gs. through the: whﬂla pfacass again u....;! she ggt it -

(Tina’s attitude towards errors and towards carnpletmn of "correct” work is also
shown By her behavior in other situations. One of her learning disability tutors
refated that she would repeatsdly throw out whole _pages-once she had made one
erraor -- a tactic that frustrated her in warkmg with a standard typewriter.’ Herce
in Ker wit¥en work she had develu"" ot o style af writing only short piecEs of one
ar two "perfect” sentences) ' .

Tina also had a gr*eat deslr’e fnr neatness in the classroom. She took it upan
herselt to collect and put away pens, notebooks, and other items which had ‘been
h:Et aut by tﬁe ather children, and to remind tham to put their. thlngs awsy

I hier work wvth tha camputer, Tina astabhshed a set of canditians abaut what she
would ahd wauldn‘t do, and adhered to these with little change thraugnaut the
classes: . Tina would-do the following: LOGIN "TINA; LET LETT ER (to get her letter

writing prucedure). ‘start, write and. end a letter, run a letter or a drawing B

_procedure by typing its’ nsme. and lype the word GDGDBYE Things sha wouldn’t
do on her own included: . .writing a praﬁedure, edi‘mg a procedure or a story;
saving a procedure, by writing a file; reading a fils; and using the lineprinter.
These paﬂas of her dsily routine were done for her by her teaﬂher '

It was very lrnpurtant for Tina to keep a firm baundary between what she would
and wouldn’t do. Towards the end of the classes, an effort-was made to get her
‘to use the: lineprinter on her own, showmg her the: PRINTON command, and showing -
~ her:now to make multiple copies of a:story by using ‘REPEAT. At first Tina
cted to this ¢ rnngly, but. eventually agreed to do some of it With stronger

- “invistance and_ more time, Vina might have learned lhese éarnmands, and attalred a.

‘e”aﬂure af mdepenaence ln her. camputgr use..

N EE"EE{’T .

.»TiﬁE taak & lsrge part gf eseh :lass ta settle dnwri to praduclwe work, She
came to class- later than the other. studants, and wandered around a bit

g b‘e re decidivig what to do. Ofice started on ‘astory, she often: made-a lot of

v the first lina - réqulring her ta atart tha whala stary cver again

! »'mrs akes: :
: Vﬂrst ,Ime.
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163, Tina’s Use of the Turtle

Tina used the TURTLE in énly”ﬁine of the twenty-four class sessions. Most of her
use of the TURTLE required active help from the teacher or one of the other
students. | -

From the beginning, Tina had great difficulty concentrating on what .the TURTLE
was doing in response to the commands shetyped." In the first class sh« literally
"dozed off" while the rest of the class was figuring out.how to draw.a hox, and
how to write a procedure. When she began to work on her own, she worked
‘randomly, copying commands from an instruction sheet without looking at their
effect, and clearing the actual commands from the text display aimost as quickly as
she typed them. For numerical inputs she chose double numbers like 55,
sequences like 34, or combinations like 445. At the end of the pericd she wrate a
few steps and a comment in her notebook: '

, ?' - . - L i v li 7 o - . ) ! )

)¢FD Hﬁ | 1 ‘\'b\é Cem M+EP "l'a 90 L. eFd ainy

? Bk 23 Tialht  and Forwawp

g F.D.43 " Figue 161

? RE BH . gure 16.1 ‘

Although Tina seemed to have difficulty throughout the first class in fecussing on
what the turtle was doing in response to her typing, she did notice when the
command HT 78 made the TURTLE disappear, and asked for help saying "l want my
TURTLE ‘back." She had a much stronger response to the computer’s text
responses -- angrily commenting about error messages and sweeping them off the
screen with a stream of carriage returns.. - '

In the second class shé was rnore thoughtful about what she was déingi eventually
noticing that she had caused the computer to draw a "seven", and f:arefuliy copying
down the steps in her notebook: o
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Figure 16.2
With much help, this was made into the procerure SEVEN, copying the steps from

her nolebook, (fig. 16.3).
T0 SEVEN —
1 FORWARD 66
2 FORW/.AD 34
3 FORWARD 45
4 LEFT 66
5 LEFT 34
6 FORWARD 66
33 FORWARD 45
333 s
END

Figure 16.3 \

In another class Tina decided in advance that she wanted the computer to draw a
"zero". When asked to draw a zero by hand, she drew it as a rectangle, possibly
indicating that she understond that it was easier for the TURTLE to draw straight
lines than to draw:curves. She required a great deal of help in building her
rectangle with the TURTLE. Tina could not determine the engle to use at each
corner of the rectangie, although she did know that opposite sides had to have the
same length. She decided to call her rectangle TINA and carefully copied the steps
into her nciebook. o ' o T

When she taught her procedure to the computer, Tina had difficulty copying the -
steps. When she typed 66 as a line number instead of 6, Tina insisted on redoing
the: entire pracedure instead of editing. When the same thing happened again, she
sllowed the teacher to fix it, by erasing the line for her.
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10 TINA
1 FEFRHAF{U EE ' :
2 FORWARD 45 ——

3 RIGHT 3@

4

S

4 FORWARD 23
S FORWARD 45
6 RIGHT 390

7 FORWARD 66 _

& FORWARD 45 ) —

9 RIGHT 398

10 FORWARD 23

11 FORWARD 45

Figure 16.4

With Harriet’s help, Tina then suent some time rEpeatlng her design, and rnaking it
spin. She never returned to Turtle Geometry activities on her own.

If Tina had not had the possibility of using the computer to write stories, she rmght
have persevered with drawing a lot more; Her experience with the "zero”

" drawing shows that she was capable of seeing the connection between the
commands she was giving and what the TURTLE was drawing. On the other hand,
Tina was delighted with using the computer to write stories. This was a unique’
and special use af the camr»uter, and she did net haVe to compare her wark with

actmty at whlch she was "not as gaod“ as her classmates.

3 Stories

16.4 Ting’

Most of Tina’s time and effort with the computer was devuted to writing. A
special program, LETTER was created for her use, allowing her to type a story

directly into the computer without having to write a procedure, or use line -

numbers or PRINT commards. - Tina used the LETTER procedura to write two
"letters" and seven "stories” over a period spanning twenty classes. She also
. started at least three mare stories that were dlscardéd before she finished them.

In her stewes, Tlna h:sc. a prpduct of whlch she cauld be prﬂud She cnuld easﬂy'

LDGO classes It was a Umque prnduct whn:h sould nul be campared ‘with the
work of other students. This was very important to Tina, who.was.used to having
her work evaluated as being of 'ewer quality than that of her fellow students.

Most lmpnrtantly, Tina was able to ‘se the cnmputer to expreas her lﬂEES in-
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wntmg and ta improve her writing skills in @ way that she had not been able to do
“in"regular classss or in her spa;:al tutaﬂal prngrnms ‘ :

Hera are Tmas mna stenes (as she called tharn), baglnmﬁg with DORIS (class 4)
and continuing to MISS.HIRSH (class 21). They show considorable development in
style, sophistication znd in proficiency in grammar and punctuation. They are
prgsented here axacuy as Tina wrote them.

OORI S

DEAR EERIS HOW ARE YOU DOING UP IN NELI YORK. 1 HOPE I WILL SEE YOU IN
THE SUMMER '
LOVE TINA AND PETER

HELEN

DEAR HELEN HOW ARE YL'ILI IN YOUR NEW HEIHE I AM GOING TO GET YOU SOMETHING
FOR YOUR NEW HEIHE «AS SOON AS I GET MY HDNEY
LDVE TINA

TEIHHV

: TDHHY IS LITTLE BOY HE LIVE' IN JAMES TOWN FOR 3 YEARS HIS MOTHER
-_DIE WHEN HIS FATHER CAME BAKE ARMY 2 YEARS AFTER THAT THEY MOVE
“TO NEW YORK AND HIS FATHER GOT MARRIED THEY HAD A LITTLE GIRL
_NAME LI1Z.14 YEARS AFTER THAT TOMMY GOT MARRIED TO A TEACHER
- ENGLISH HIGH AFTER THEY GOT MARRIED TH HAD TO BABY'

-LITTLE BOY TOMMY JR AND LITTLE GIRL NAME LISA AFTER
- THE EHILD WERE 3 AND 2 THEY MOVE TO HOLLY W0OD '

ANN

_ ANN 1S A OLD’ HDHAN SHE IS 81 YEAS OLD
- THEY H BUSTER 'THAT- IS'MARRIED TO '
A 'NURSE AND THEY HA TRIPLETS.  THEY BE MARRIED FOR
. 3"YEARS AFTER THEY GOT SETTLED DOWN THAN THEY
-MOVE: TO NEW YORK WERE DORIS LIVES., ABOUT § YEARS AFTER
AEEUT 5 YEARS THEY HAD A LITTLE GIRL SUE AND WAS PRETTIEST




o Tma. o qge Writing Stories

SONNY

SONNY IS A LITTLE BOY HE LIVES UITH HIE AUNT HELEN IN EALIFDRNIA R
HE HAS BEEN LIVE WITH HER FOR 9 YEARS. HE IS EDING 0 A HEHE FOR
LITTLE WONDERS 4 WEEKS AFTER THAT .T0-

COUPLE A ADOPTED SONNY HE WAS THE HAPPIEST BOY THAT YDU EVERY
SEEN, I.GUESS IF THAT WAS ME I WOULD BE HAPPY IF SOME ONE WOULD
'ADOPT.. BUT . SEE 1 AM NOT ADOPT I HAVE MY ON MOTHER AND ! AM
GLAD THAT 1 HAVE My ON MOTHER, BECAUSE THE KIDS THAT HAVE FEELS
REALLY BAD. THAT'S WHY ALL THE KIDS' IN THE WORLD SHOULD BE
GRATEFUL TO THEIR PARENTS. THE END.

OONELL

DONELL IS A GROWN MAN HE LIVES WITH HIS .

FRIEND IN NEWYORK HE BE LIVE THERE FOR 2WEEK'S

THEY BOTH BEING LIVE THERE FOR 4 WEEKS. THEY BOTH

HELP PAY THE RENT THEY PAY 208 DOLLAR A WEEK FOR RENT
JIM GUESS WHAT ?WHAT I GOT FIRE TODAY WHAT DID YOU SAY-
I GOT FIRE TODAY.WHAT ARE WE GOING TO TELL MR. SMITH

1 DO NDT KNOW WHAT TO TELL MR. SMITH ABOUT THE RENT.

HARRIET

HARRIET IS A LITTLE GIRL -SHE-LIVES OUT IN BROOKLINE WITH
HER MOTHERABIGAIL AND HER FATHER EGBERT.SHE BEING OUT

IN BROOKLINE FOR 11 YEARS,SHE GOSE TO A SCHOOL CALL
WILLTAM H, LINCOLN,SHE BEING GOING THERE FOR & YEARS
AFTER 6 YEARS-SHE START GOING WITH A BOY NAME DENNIS
CODPER FOR 3 MONTHS.
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MR. LEWIS

ONCE UPON A TIME THERE WAS A MAN NAMED'BOB .HE LIVED
OUT IN BROOKLINE HE LIVED OUT THERE FOR 18 YEARS,
2 YEARS LATER HE FOUND A JOB OUT IN NEWTON .NEWTON
MASNT PAYING ENOUGH MONEY TO SUPORT HIM .HIS FRIEND
HAD TOLD HIM TO GO SEE DAN WILSON. THE NEXT DAY BOB WENT OUT 7O SEE MR.
HILSON. MR. WILSON SAID BOB WHAT KIND OF WORK CAN YOU DO. I CAN TEACH
.1 CAN DO PAINTINGS DRAUING AND ALL KINDS OF THINGS.WHAT MOULD YOU LIKE
T0 00 MOST. I WOULD LIKE TO TEACH, 1 THINK KIDS NEED MY HELP. WHAT
KINDS OF THINGS WOUULD YOU LIKE TO TEACH. IF 1 MAY I WOULD LIKE T0 TEACH
MATH, AND SCIANCE, AND ENGLISH. ONE WEEK AFTER
HE START WORK FOR LINCOLN
BY TINA DEBORAH AND PETER

MISS, HIRSH

ONCE UPON TIME THERE WAS A LITTLE GIRL NAME LISA SHE LIVED IM
BROOKLINE. SHE LIVE THERE FOR 16 YEARS WITH HER MOTHER HELEN
WAS THE. BEST WOMAN IN THE WORLD . THAT IS WHAT HER LITTLE

- LISA THOUGHT OR HER MOTHER HELEN .SEE HELEN WAS NOTHING BUT

A NASTY DOLD 42 YEAR WOMAN.SHE DIDN'T CARE ABOUT LISA WENT TO
SCHOOL VERY NASTY,SHE LOOK LIKE SHE HAVEN'T TOOK A BATH IN

& MONTHS.AND ROLL THROUGH THE MuD.

~ BY TINA TO LISA HIRSH

 Tina's first two stories, DORIS and HELEN, were really letters, written to her
godmother and mother respectively. The next four were all "made up stories
about real people.” Tommy, Ann, Sonny and Donell are all Tina's relatives. The
last three stories, HARRIET, MR.LEWIS and MISS.HIRSH were about a classmate, and
about Tina's regular sixth grade teachers.

In the first few classes, Tina had shown an interest in "communicating” with the

. computer, and had been shown how to write procedures using PRINT commands.

. Starting with the fourth class a special program was created for her to allow her

. to type whatever she wanted diractly into the computer. The procedure, LETTER,

. -required that Tina choose a neme for a story, and then it interpreted each of her
typed.lines as a separate REQUEST. If Tina wanted to change a line she could use
-rubout: key, before she typed a cerriage return. Other than that, LETTER had
ecial - editing capability. When Tina finished a story, she typed END, which

he LETTER procedure to finish defining the procedure she had named. It
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then typed out, "HEPE IS YOUR LETTER, DORIS" (for example), and ran the
pracedure, printing the letter exactly as Tina typed it.

Tina was quickly able to use the LETTER procedure on her own. She would type
LETTER, choose a name for her story, and begin. If she wanted to change a line
after typing a carriage return she had to be helped by the teacher. Sometimes
she accidentally typed a carriage return intending to type a rubout. After typing a
string of carriage returns, she would often type END and start all over. This was
Tina’s oniy way of independently editing a story procedure.

Tina was introduced to LETTER in class four - the same class In which she made
such a fuss about having o use a “different” computer. Her letler, GORIS, was
first written out by hand, and then copied on the computer. At the end of the
ciass several copies were printed out for her, as she carefully estimated how
many she would need: '"One for me, one for my mother, one for Dorie (her
gedmother),” etc. In her netebook, Tina wrote. “Today me and Peter did a letter™,

Tina’s next letter was HELEN, written during class six. This letter, accomplished in
a much shorter time, was written to her mother. It followed the same format as
DORIS: greeting, question, statement, signature. Punctuation consisted of two
periods. :

In class eight, Tina wrote a "story" she called TOMMY. After several faise starts
she settled down to complete a seven line story, which ended rather abruptly.
She had trouble typing the first line and used o lot of extra carriage returns
between lines. Twice she was helped to erase the story and start again. Once
she completed the first line successfully, she went on to write seven lines, before
deciding she was finished. :

The story TOMMY represented a big change from Tina's previous computer writing,
and set the tone for the rest of the writing she was to do. In TOMMY, her concern
was not for a grammatically correct careful statement, following a prearranged
format. Rather she was concerned with the details of the story: the names of the
characters, the places they lived, the sequence and timing of events. She was
reminded not to type a carriage return until she was satisfied with an entire-line,
and she often rubbed out all-or most of s line to correct a spacing or spalling
srror. Once a line was finished, however, she did not ask for corrections.

Tina’s next story, ANN, ended even more abruptly. In this case, time ran out
before she completed it, and Tina showed no interest in adding to It at a later
class, She worked very carefully on her first seven sentences, rubbing out ard
rewriting as often as necessary, carefully checking each sentence before going on.

P
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She finally got frustrated in starting the eighth line, typed a lot of csrriagé‘ returns

and called for help. After her mistakes had been corrected Tina daclared the .
story finished, and printed out about 10 copies, offering them to classmates as

well as to two visitors. She appeared to have a great deal of pride in her work.

Tina’s next story, SONNY was her longest to date -- nine lines. In writing the
story Tina was interested in punctuation, checking with the teacher to see if each
period was located correctly. At one point Tina asked whether she should use
"adopt™ or "adopted” as a spelling. The difference in meegning was explsined by
using each in a sentence. Tina seemed to be unsble to hear the difference in the
way the werds seunded, so that the cheice was completely arbitrary to her. She
decided to use "adcpt” at that paint, and throughout the rest of the story.

Tina was cleerly using this story to express some very deep feeiings and values
-~ a8 well a5 some appreciation for her own parents.

After Tina had completed SONNY, she was asked for some sariples of the writing
she was doing in class. "| don’t have time to swrite stories in clase,” was her reply.
"'ve got ico much work to do.” Tina’s English teacher and her learning disabilities
teacher bath confirmed the fact that Tina had done virtually no creative writing
this year. Her English teacher explained that Tina rarely completed any work --
pointing out that Tina’s computer stories were among her first finished pieces of
work,

Tina’s next story, DONELL seemed to have the making of a real story with &
definite plot line, and realistic dialogue. Once agsin, Tina had difficulty settling
down to start her story, and ran out of time before finishing it.

After a lot of disruptive fooling around with the other kids, she settled down to
write her story, HARRIET, which was well constructed and carefully written. She
paid careful attention to spelling and puncluation -- asking for assurances on the
placing of periods at the ends of sentences,

In class 20, Tina dictated a story to her friend, Deborah, who had-come as a vigitor.
The resulting story, MRLEW!S was Tina’s longest and ciearest story, and had a
more direct flow than usuel in Tina's stories. Deborah typed the story exactly as
Tina dicteled -- Tina dictaied the puncutation as well. Her verbal dictation seems
to have been closer to standard english grammar than her own typing. The story
had a clear plot, with a definite begivning and ending. Tina ended the story by
writing "BY TINA DEBORAH AND PETER," sfter thinking for a few minutes about
how to share the credit. ,
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Tina's last story, MISS.HIRSH, was written in only 20 minutes. She typed without
any significant’ errors or false starts. She was particularlly concerned about the
location of periods, and the use of apostrophes in DIDN'T and HAVEN'T, (She knew
where the apostropes went, but wanted to have that confirmed by the teacher.)
After finishing the story, Tina said with a gleam in her eye "Miss Hirsh can take a
joke." '

16.5 Some Possible Reasons for Tina’s Success in Writing

In a meeting held after the end of computer classes, Tina’s English teacher said
that Tina had begun making a significant effort to complete aseignments and turn in
work. She said that Tina's computer stories were the first completed work that
Tina had turned in this year.

After consuilting with Tina’s teachers, some tentative insights can be offered about
why Tina was able to accomplish sb much writing in the LOGO classes, while she
has been unable to accomplish much writing in either her regular classes or with
her language tutors.

Tina is a fanatic about completing work without errors. When an error occurs in
Tina’s normal work, she tears up the paper and throws it away. Since she never
examines her errors, or tries to learn from them, errors are seen by her as a total
disaster. Using the computer, she was able to rubout many errcts as they
occurred without destroying all her work up to that point. In this wsay she could

-

be satisfied with her finished product. Once she declared herself "finished” she
never looked back to see if there were any other errors.

The printed computer output bad a "professional” quality that looked more polished
than other children’s writing. In addition, she could have as many copies as she
wanted at no extra effort -~ which could bring her positive attention from friends,
family, and several different teachers, all in the same day.

Tina seams to feel extremely sensitive to ahy “correction” of her work whether
direct or implied. This is confirmed by her abhorance of “errors”, She was not
corrected or crilicised while writing, and the teacher’s assistance was confined to
answering her questions about spelling and punctuation. Therefore, since Tina had
woried hard to make ner work "correct” and since it looked “"professional,” Tina
assumed that it was correct, and was very proud of it.

Tina knew that her work was unique among the kids in the computer classes. Just

as only Tina used the computer she called "PETER", only Tina could use the
LETTER procedure to write stories. - Thus Tina could feel that her work was at
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least as good es the other studente’ work. Tina has rarely had the opportunity to
feei thal way sbout her work. T

16.6. Tina's Socisl Behavior During LOGO Clesses

Just as Tina’s "relationship™ with the computer was of the utmost importance to
her, she alsa placed a high premium on her personal relationships with the people
around her. At first Tina had a great deal of sensitivity sbout being observed by
adults in the classroom. She was particularly concerned about observers whe took
notes, and she would occasionally ask them what they were wriling about. Tins
‘madle a point of introducing herself to all the visitors who came at different limes
to ohserve the classes, and of establishing a definite relationship with any who
came more than.once.

Tina insisted that she be notices. When she came to class late, she would often
sing or shout loudly in a powerful voice as she walked in the door. If & visitor was
prevent, however, she would quiet down suddenly in embarrasement. During any
class she might call loudly across the room to a tescher, visiior or & classmate,

At times, Tina could be quite manipulative -- espetially when she wanted help.
‘She could 'be loud and insistent calling across the room for assistance, and a few
minutes later rebuke another child for "interrupting”. She often corrected other
people’s behavior, saying that some action, or omission was “rude”, or "sloppy”.
This was usually done in a somewhat cheerful, "motherly” tone that hiad only a
slight undercurrent of hostility.

In her relations with her classmates, Tina adopted a "breezy," somewhat teasing
_style, characterized by a cheerful good humor. Occasionally this "breeziness™ got
out of control, and became disruptive and rowdy, including chases around the room,
hitting and hair-pulling. At such times, Tina had & very difficult time settiing back
into approprigie class behavior. \ : ‘
At other times -- especially with visitors present -- Tina would be extremely
quiet, polite and demure. It was as if she had two sets of rules -- one for serious
‘behavior in public -~ the other for playful behavior in private. As the classes
went on, it was clear that Tina considered the LOGO classroom as a "private” -
 place, where she was among friends and could be her playful self,

At first Tina was tolerated, somewhal uneasily by the other kids. Gradually,
Horriat anel Dennis became quite invalved with her playfulness, and cheerful
- bontering. Most of the time they sesmed to enjoy the distraction she provided,
-and sliawed her ‘to provide an-excuse for letting their own playfulness emerge on
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occasion.

Harriet became quite protective of Tina, sticking up for her on occasion, as well as
helping her with her work from time to time. Tina consulted Harriet frequently
about spelling and punctuation. Harriet spent a lot of one class period helping Tina
type a TURTLE procedure, and showing her how to use the SPIN command.

Tina took a lot of interest in Harriet and Dennis as a "couple”, teasing them
reguiarly about their friendship. She wrote their "relationship® into her story,
HARRIET, and spent a good deal of one class period watching them play Dynaturtle
games together -- commenting regularly, not on their dynamic strategies, but on
their personal interchanges.

Harriet’s interest in Tina was evidenced outside of LOGO classes as well. One of
Tina’s classroom teachers reported that she had moved her seat in class to be
near Harriet and her group of friends. In becoming accepted by them, she had
moved from virtual "isolation into the core of the class, socially.” Her teacher
attributed this to the relationship Tina developed during the LOGO classes and to
the feeling of success she has had with her computer work.




