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* Gary Stager: My goal was to honor Seymour & Cynthia while inspiring readers to
think about powerful ideas for the next 50 years. | cast a wide net and invited lots of
authors, spanning three generations, whether | agree with them or joy. The book
contains essays by pioneers, scholars, school administrators, and classroom
teachers.

 Sylvia Martinez: For myself, it was great to revisit the original paper and think about
how much it offered, and how much is still left to do. My hope is that this book is not
read as a historical document, but as a reminder that children can do so much more
than we currently ask of them in most classes, Even if just a few teachers read this
and think, “I can do more...” that’s a good outcome.
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Prologue Scene 1- Enter the Narrator

An Eternal Source of Inspiration or What the
Bulgarian Turtle Told Achilles This Time

Evgenia (Jenny) Sendova

But there is a world of difference between what computers can do and what society will
choose to do with them.—Seymour Papert

Prologue

Scene 1- Enter the narrator

It was not long ago that I took part in a discussion on “innovations in education.” The moderator
was very surprised when I said that a good innovation in contemporary education would be for
students to go to school with love—as was the case with the so called “cell schools” (the first and
only schools in Bulgaria from the fifteenth to eighteenth century) and in more recent times in
the schools that the Research Group on Education of the Bulgarian Academy of Sciences ran as
an experiment from 1978 to 1999 in 2% of the Bulgarian schools (Sendov, 1987). These days not
only in Bulgaria but also around the world, innovations are often associated with technology
such as multimedia, interactive boards, smartphones, etc. and the innovativeness of a school is
measured by the number of laptops and not by what the teachers or the students have chosen to
do with them.




Scene 2 - Enter Achilles and the Turtle

Lewis Carroll “What the
= lortoise Said to Achilles”
(1895)

3aWo0 MMEHHO TE3M repomn”? g

Douglas Hofstadter (1980)

Godel, Escher, Bach




Scene 2 - Enter Achilles and the Turtle

Achilles: By CS article, you mean an article about computer science?

Turtle: No, my dear miseducated friend! I mean Cynthia (Solomon) and Seymour (Papert),
the authors of this fundamental article! They are illustrating MY geometry first with a physical
robot-turtle (the floor turtle) and then with what they call a “display turtle”—a small triangle.

Achilles: A triangle? Why on earth, a triangle? Did Kandinski make your portrait?

Turtle: I wish he did but in fact, my original Logo image exposes and emphasizes my new role
as a drawing instrument (which some more modern environments hide behind cats, bees, and
other animals).

Achilles: That is true. I remember your dialog

with primary teachers who told you once: We  FORWARD 50

don’t work with turtles, we work with other The turtle ad-
animals! b | vanced 50 units

Turtle: But Logo people know that under any :]“tl ::: g;;?ﬁ“on
“mask” it’s me, the turtle, which can draw figures 8.

and become different characters if needed. /




Act 1  Scene 1-Drawing a man (Thing #2)

Achilles: T have heard that in drawing, nothing is better than the first attempt.

Turtle: Maybe for Picasso this might be right, but in programming we say that if a program
works when first executed, there is certainly a bug in it.

Now
TO MAN :SIZE
7 “«— | We now use the previously defined
l \ﬁgms;g command in rnakigg our nex command. Here are some other drawings the fifth grade kids made the
a 3 § In other words TO DRAW was a
3 st sub-procedure of T0 VEE; TO VEE is a turtle dran.
§ FORWARD :SI1ZE/2 sub-procedure of TO MAN. MAK MEN

MAN 100 will draw

MAN 10 will draw /\
X

Fig. 1. Thing #2 of the CS article as proposed by CS (left) and performed by children (right)




Scene 2 - Geometric human figures @

S Comenmz Logo - STROITEL

Pain Peascrop [lposopew Ongist  Mowow

nanpeq 60

wanscuo 30

H3YHCTH

AAB TPHBIBAHKK

BAMIHH
CyCHH
wazan 60
NPABOLIBAHKK
YCNOPEAHNK
RAB_YCROPCAHNK

PABHOGEN TPHLI

Fig. 2. Work of 11-year old students in Comenius Logo (the buttons’ names are in Bulgarian)
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Scene 3 - Visual modeling ala Pencho Balkanski and Sonia Delaunay @

Fig. 3. The orzgmal yBa ki “G rom hodope Mountains”,
and Logo variations by 10-year old children (right)

»5
2

Fig. 4. Students’ computer variations of Sonia Delaunay’s models J




Scene 4 - From one step to 3D animation @

Fig. 5. Modeling the movements of humans, android, a robot-warrior and a mutant in 3D

Pavel Boytchev, “Turtle Metamorphoses (from FD 1 to 3D animation)”




Scene 5 - Enter the Cat @
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Fig. 6. The first version of the mans figure using a chain of commands )




Scene 5 - Enter the Cat

@ Filev Editv Tips About
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Fig. 7. A second version of the mans figure above using subprocedures and an input for the size




Scene b - The dance of the triangular village people

height (00

define uoeek BucouMHa
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Scene b - The dance of the triangular village people @

VARVARVALV/ U%i/\/\/\

VV VV VNV

Fig. 8. Triangular variations of the traditional Bulgarian “horo” dance, by fifth graders from Bulgarsko

Shkolo, Sofia /




Intermission - time for a coffee break




But it is not only in the constructing of
something that learning becomes truly
meaningful for the learner. That creation
process and the end product must be shared
with others in order for the full effects of
Constructionist learning to take root. y




Act 2 Scene 1-Modeling the pendulum in the spirit of Logo (Thing #17)

OBJECT "T POINT © 84

OBJECT "ang 6@

MAKE "length 160

OBJECT "V VECTOR 27@+:ang :length
OBJECT "P SEGMENT :T :V

REPEAT 10 [OBJECT “"ang :ang-12 WAIT 5]
REPEAT 10 [OBJECT “"ang :ang+12 WAIT 5]

\
O\
7,

MAKE "angincmax 8

MAKE "angincmin 1

MAKE "maxang normalized RANDOM 360

OBJECT "ang :maxang

OBJECT "V VECTOR 270+:ang 100

OBJECT "P SEGMENT :T :V

MAKE "k (:angincmax - :angincmin)/:maxang

OBJECT "anginc "angincmax - :k* (ABS :ang)

MAKE "d (NEG SIGN :ang)

WHILE NOT ReadKey? [(IF (ABS :ang)>=:maxang[MAKE "d (NEG SIGN :ang])
OBJECT "ang :ang+:d*:anginc WAIT 3]

Fig. 9. Modeling the pendulum as illustrated in Geomland

J




Scene 4 - Pendulum harmonics in 30 @

Fig. 10. Pendulum Harmonics (youtu.be/PyvWijtdL314)




Act 3 Scene 1-Cana computer play and compose music? (Things #11and #12)

(O

)

mo FJ
END

One (very bad) way to make the computer play Frere Jacques

would be to write the following LOGO procedure:

1 PRINT "AAAICCC!EEE!AAAIAMAICCCIEEE !AAA!EEE!FFF!HHHHHHHIEER F FF I HHHHHHHL ., "

TO PENTATONIC
OUTPUT [277 311 470 415 466]
END

TO DURATIONS
OUTPUT [100 200 300 400]
END

TO ORIENTAL :N
IF :N=0 [STOP]
SOUND LIST PICK PENTATONIC PICK DURATIONS
ORIENTAL :N-1

END 4//

[a) ——N—&
1 gt } ! ) N N LY } )Y
b Vi ) 3 Vi
A4
[a)
o A b
o o ) Y L 2
o = M A —
4 L A
£~ & =
- L et

Fig. 11. Ruchenitsa (Bulgarian folk dance in 7/8) generated by a Logo Writer program



Scene 2 - Enter a musical structure

TO FRERE] <% —
END £
g
2
TO FRERE2 g
1 SING MUSIC "5! 6! 8!" *2 2 4" £
END g
s QHQOPMATHI;“
TO FRERE3 £ HAYMHAE
1 SING MUSIC 'B! 10! 8! 6! 51 11" "1 11122" P——
END £

Fig. 13. The main theme of the Ode to Joy by Beethoven as part of a Logo problem for fifth graders

TO FRERE4

1 SING MUSIC "1! -8! 1!" AND "2 2 4"

END

TO FREREJACQUES TO JoY

1 .FRERE THEME1 THEME1.1

2 FRERE1 BAR1 BAR1.1 BAR1.2 BAR2

3 FRERE2 THEMEL.2

4 FRERE2 END

5 FRERE3

6 FRERE3 TO THEME1

7 FRERE4 PLAY [Al A1 B1 C2 C2 Bl Al G1 F1 F1 G1 Al Al Gl G1]~
gFRERE4 [4 4 4 4 4 4 4 4 4 4 4 4 4.8 2]
END

FREREJACQUES END /




Scene 5-What does Scratch offer as a marriage partner

6\

Cat: Come on! Why do children need to complicate their lives with structures! See how joyful
these programs are that children have done to perform Ode to Joy by Beethoven. They can google
the notes, they can build scripts with sound blocks that play in sequence (Fig. 12 — left), what
more do they need! They can even create multiple scripts which when played together in order,
create chords (Fig. 12 - right).

- @~ rie En @ Twodas  Planomusic: Ode to Joy Shared 3 See Project Page - | f :: puymnzeu.mn

(1)Pano v 01 piay note (@) o @ vess
o @@l @@

H oy sound D Pano? «  unil done

= ole
Fig. 12. Examples of fragments of Ode to Joy in Scratch (Veselinova, 2020)

5/




Scene 6 - Adding to the intrigue /

6\

Pesss TvpaTe cnepaswTe SECRET w DECIDE
TG SABRAE OOV NADAMETLD, KONTE R4 Nam~
SBE HIMSCTRAMETO WA GACHOSMA v ol
no -.om CTE XOMDAN WA AR
- um. KON We TO e sz
pare?
3. w m— ¥ YR AAGH SPAF MENT BON-
- m Mu -t
w roe*

P ez OF Paw Sepnot XoAme repo=
AT DAST ABARA xOA CHTO BCAa Byw o=
A C ONDEANIYEME  NORA W e ] Ladd

-

Sov OB D ANTE RAREER MO-RDNY TINCY

TXH

= e "i' h FI

Fig. 14. Language and mathematics (Logo) for 6th graders [(Nikolov ¢ Sendova, 198&”




Act 4 Scene 1-Canthe computer learn grammar? (Thing #15)

TO PLURAL :NOUN

OUTPUT WORD :NOUN "S
END

TO PLURAL :NOUN

If (LAST :NOUN)="Y [OUTPUT PLURAL_ENDING IN_Y :NOUN]
OUTPUT WORD :NOUN "S
END

TO PLURAL_ENDING_IN_ Y :NOUN
IF VOWEL? LAST BUTLAST :NOUN [OUTPUT WORD :NOUN "S]
[OUTPUT WORD BUTLAST :NOUN "IES]

END
TO VOWEL? :L

OUTPUT MEMBER? :L [A E I O U]
END




Act 4  Scene 3 - Modeling aphorisms

[Let me start with Logo model of aphorisms in the style ot Georg Lichtenberg:
| The horse started resembling a donkey - like a translation from German to Dutch. |

Achilles: I get the first one as conveying the idea of how much can be lost in translation—the
author compares pairs of objects, the first object being similar in a certain sense to the second,
but going beyond it.

Turtle: Precisely! We encouraged the students to use an associative list containing the pair of
similar words from the original aphorism but enriching it with their own pairs of similar words,
e.g.

[[horse donkey][masterpiece kitsch][wine vinegar][watermelon pumpkin]].

Then they create a procedure generating variations of the original aphorism:
TO APHORYSM :LIST1 :LIST2
MAKE :PAIR1 PICK :LIST1
MAKE :PAIR2 PICK :LIST2
OUTPUT (SENTENCE "The FIRST :PAIR1~
[started resembling]~
LAST :PAIR1 [- like a translation from]~
FIRST :PAIR2 "to LAST :PAIR2)
END

Achilles: Let me try it with appropriate inputs:
PRINT APHORYSM [[horse donkey][masterpiece kitsch][wine vinegar]]~
[German Dutch] [English Greek][Russian Bulgarian]

I'll run it twice:
The wine started resembling vinegar - like a translation from Russian to Bulgarian.
The masterpiece started resembling kitsch - like a translation from English to Greek.

\_ /




Act 5 Scene1-Enter recursion: polygons and spirals (Things #6 and #7]

Y

6 Differential Geomstry

The “turtle language" provides & very renarkable formal
systen for describlng many geomstric objects; we v
w Cartestan cosrdinates as an Introductory peth
see this let's study & very siple procecure, kr g
Y. In lts simplast fom FOLY hes o fnputs called “STER®
In L0G0 1t 15 writeen:

™ s
1 FORIARD :STER
2 LEFT -ANGLE
3 POLY :STEP :ANLE
o

ctures show the sffect of invoking this pracedure with
uts: (the First input is the side size, the sccond 13 th

POLY 75 60

POLY 150 144

POLY £ 3 ;

TO POLY :STEP :ANGLE
1 FORWARD :STEP

2 LEFT :ANGLE

3 POLY :STEP :ANGLE
END

e make 3
but thet

T poL
o

POLYS?L 5 125

POLYSPT 5 120 SOLISPL 5 171

TO POLY :STEP :ANGLE

1 FORWARD :STEP

2 LEFT :ANGLE

3 POLY :STEP+5 :ANGLE
END

WER ‘A N
IF :N~0 THEN OUTPUT 1

IF ‘N=1 THEN OUTPUT ‘A
IF :N= ~1 THEN OUTPUT 1/ :A

MAKE “M ABS N
MAKE “P 1
REPEAT :M[MAKE P :P+

)

)
NE’F :N>0 THEN OUTPUT P ELSE OUTPUT 1/ P

POWER — crenen.

1. Honwsere onepauma 3a wamm-
D20 148 HEH-MANKDTD OBMO KpaTHO M3
av0 wmera

2. HanMwere npouesyps womTo na
OTKPMBA 237 BAHO WHCND © ETHO, WM
HENETHO. CRIEA INWNNONMD HA Npo-
UFAYPATS KOMMIOTSPLT A CLOBILOSS
THE NUMBER 15 EVEN
wni THE NUMBER IS ODD

EVEN — serem

ODD — waneron.

3 3anmeto 930 BM3 1O NPOUSAYDE
Goow-Cremara

Mpawere SKCHEPAMONTH, KITO 3383
BaTe paamemn CTORHOCTH WO @ W G-

4. Coauaiite npoURAYPA 33 oM
HONAO WA MENOAMATA, KATO WANOIRY-
voTe xomaHza IF

beisrrr e
SRS TS F=r)
s padisr
$rediiiddiiai

Hoxapaiire xownoTeps an cwoSuin
S8TODO 18 TOIM MENCAKA

B. Astomodun ¢ mece 1200 kg ce
AWK C nocToRHMa cropoct B0 km /iy

POLYSPIRAL 1 120




Scene 2 - Ten rules for creative teaching @
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You should not lead children to predefermined
solutions. (In informatics there are often no right
answers but rather right paths.)

Eureka!
M

~
{1

<= ~3f3 >

ebpnka!

You should not deprive children of the pleasure of

solving problems by themselves.

The cartoons are drawn originally by Todor Kolarov (1987) and remade by Yovko

Kolarov.




Scene 2 - Ten rules for creative teaching

You are close!

2/

You should not let children become discouraged.

ere must
be a better

FD 1
RT 1
FD 1
RT 1
FD 1
RT 1
FD 1
RT 1
FD 1
RT 1

You should not show a Logo facility that is new to
chidlren unless they see a need for it. (Or, as others
put it, programming should not be a goal, but a

tool.)




Scene 2 - Ten rules for creative teaching

Now [ see!

N

You should not be afraid of cooperation with
children as equal partners and certainly not afraid
of learning from them.

Not what we
expected, but WOW!

You should not automatically reject an unexpected
result obtained in the process of programming but
rather analyze and explore it.




Scene 2 - Ten rules for creative teaching

You should not think of programs as being right or
wrong but rather as artifacts that could be developed
and improved.

N—

"A good start for a
hexagon...

You should not let students be afraid of making
mistakes. Moreover, it may well be that the
approach of debugging is one of the most profound
educational ideas of twentieth century.

J




Scene 2 - Ten rules for creative teaching

OR NOT
TO BE

HHE

As a teacher you should not be afraid of making
mistakes yourself. (Sometimes it pays to allow
mistakes to slip in, so as to show how to cope with
such situations.)

10

Honor the natural wish of children to learn rather
than to be taught.
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