
 

Coding and computational thinking 
The practice of coding, in its traditional form, involves the manipulation of symbolic information 

and it is generally recognized that it allows the students to create and not only to use. Actually, the 

discourse on coding practices is embedded in the broader one on computational thinking. Recently, 

the EC has devoted an extended study to the state of the art of computational thinking (Bocconi, 

2016). What it comes out is that if the sense of urgency to introduce computational thinking in 

compulsory education is quite strong, at the same time a lack of consensus is still there, even about 

the mere definition of the concept. Thus, we find ourselves in the uncomfortable situation of acting 

urgently but without having the possibility of being in control. Things move fast, actually. The time 

to give shape to the significant lessons learned through the ongoing experiences and to take fully 

advantage of them lacks. This is exactly what is happening to the evolution of coding practices in 

the educational context. To tell it in few words, it seems that, in front of the explosion of languages 

and devices of any kind, the sound, deep pedagogical and technical motivations that inspired the 

earlier educational coding experiences have vanished in a sparkly cloud of fancy activities. 

  

Computational thinking definition 

There are several definition of "computatoinal thinking" hanging around. 

The last given in 2010 by Jeannette Wing, the computer scientist who introduced for the first time in 

2006 the term reads as follow 

Computational thinking is the thought processes involved in formulating problems and their 

solutions so that the solutions are represented in a form that can be effectively carried out by an 

information-processing agent. 

More specifically, with this expression a set of skills are meant: 

• Using abstractions to represent the problem in new and different ways 

• Logically organizing and analyzing data 

• Divide et impera 

• Face problems usin iteration, symbolic representation, and logical operations 

• Reformulating problems into ordered steps 

• Apply these skills to a wide class of problems 

  

A good review about computational thinking concept in education 

Bocconi S., Chioccariello A., Dettori G., Ferrari A. and Engelhardt K. (2016).Developing 

computational thinking in compulsory education. ED. P. Kampylis e Y. Punie Science for Policy 

https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/developing-computational-thinking-compulsory-education-implications-policy-and-practice
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/developing-computational-thinking-compulsory-education-implications-policy-and-practice


report by the Joint Research Centre (JRC), the European Commission’s science and knowledge 

service. 

The authors show how broad is the realm of perspectives proposed by 

experts in the field and how it is still a moving concept. 

 

  

 

 

 

Blocks vs textual coding 

 

  

Nowadays visual programming system are very popular in school environments, particularly, blocks 

based languages instead of conventional textual languages. The figure shows two pieces of code, 

one in a block-based language (Scratch) and the other in a textual language (LibreLogo). In blocks-

based systems single instruction are represented by colored blocks that one can freely drag inside 

the working area. The blocks can be combined in a Lego-like way to compose a sequence of 

instructions, that is the program. On the other side, in textual programming instructions have to be 

written in sequence by means of a text editor. 



Both pieces of code produce the same result, since both draw a square even if, at first glance, they 

don't look like. However, if you compare carefully the two objects, you will easily verify the 

correspondence between instructions. 

Nowadays in most school contexts coding is synonymous of Scratch or, at any rate, of blocks-based 

languages. These languages are quite smart for providing a first programming experience to kids. 

And they are even powerful, allowing for a broad range of coding experiences. Moreover, Scratch 

fostered the spread of coding a great deal, through its social platform. However, within the whole 

process, the general idea of coding leaned over the production of animations, which might be fine, 

because to realize them some quite advanced programming methods are required. What are we 

missing then? To understand this we have to recall the lesson of Seymour Papert. 

Among the several blocks-based languages Scratch is by far the most popular. You can go and 

explore it for a while. 

  

Everything begins with Seymour Papert 

The idea of including computer programming among the educational activities is due to Seymour 

Papert. Papert, a South African mathematician, arrived in the United States in the mid 1960s after 

having worked with Jean Piaget for five years. He released the first version of Logo in 1967, when 

working at the MIT Artificial Intelligence Laboratory. Logo was an advanced language conceived at 

the intersection between the fields of artificial intelligence and developmental psychology, as a tool 

for improving the way children learn and solve problems. It's key idea, using Papert's famous 

expression, was to allow for a low floor and a high ceiling. For this reason, even if apparently 

simple in the first steps, its inner architecture allowed users to extend their capabilities in a virtually 

limitless fashion. 

Seymour Papert's key role is that of having connected the fields of education with that of artificial 

intelligence. All the current hype about educational technologies stems from his seminal work and 

its visionary standing. Thanks to him there is a continuous path from learning theories to the use of 

techology in schools. This is somehow forgotten nowadays and it should not. 

A great number of educational languages have been derived from Logo, among which Scratch, by 

far the most successful. Scratch is a relative of Logo being developed by Mitchel Resnick, a former 

student and successively coworker of Papert at the MIT. Actually, the basic functionalities of Logo 

can also be found in Scratch that, however, has many more features, among which the blocks-based 

instead text-based interface and the possibility to build animations or true video games. On the other 

side, Logo was thought as a way to explore mathematical concepts in a body-syntonic way, another 

papertian expression which refers to the idea of building a geometry - the Turtle Geometry - in 

analogy with the body geometry which is well known by kids, before they get in touch with formal 

math. 

So what, if Logo is in some way included in Scratch? The fact is that all the considerations on what 

is actually going on when kids are let exploring with Logo, all the awareness about the importance 

of personal discovery of mathematical concepts, all the strong emphasis on creative approach to 

study scientific ideas have almost completely disappeared. Not because Scratch, or other similar 

https://scratch.mit.edu/


languages, makes such perspectives impossible but because the whole interface is too much skewed 

towards the childish side. This does not mean that you cannot do quite complex stuff with Scratch, 

even extremely complex ones. Instead, it's about the fact that most of the activities done in Scratch 

are about the production of animations and simple games, and by far most of the projects are very 

basic and short lasting, as it has been shown by some recent studies based on scraping of the 

Scratch database (Aivaloglou & Hermans, 2016; Matias, Dasgupta & Hill, 2016; Scaffidi & 

Chambers, 2016). We could say that more is not necessarily better... 

Ironically, the childish flavor, thought to facilitate the introduction to programming, turns out to be 

a limiting factor, basically because students crave hard: if you complete a hard task you have proven 

yourself, if you fail... after all it was not so easy (Krouse, 2016A). Paradoxically, Scratch may be 

frustrating because everything seems so easy but soon it might get much harder. Because coding it's 

hard. Like math. Making life much easier is not always a good idea. A number of studies revealed 

that a Scratch introduction to programming does not necessarily facilitate the transition to 

conventional coding languages (Lewis, 2010; Lewis, Esper, Bhattacharyya, Fa-Kaji, Dominguez & 

Schlesinger 2014; Weintrop & Wilensky, 2015). That's why new approaches for easing the 

transition to "true languages" are emerging (Homer & Noble, 2014; Price & Barnes, 2015; Krouse, 

2016B). 
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Seymour Papert: about Logo, thinking and feelings 

Welcome to the Logo tapes. These tapes are about logo but they are not just about logo, beyond 

logo they are about thinking. They are about how to think about computers, and how to use 

computers to think about other things. They are about how to use a Logo experience, to develop 

new thinking skills for yourself as much for you students. But even beyond thinking, the tape have 
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much to say about feelings. People, adults as well as children, have strong feelings about 

computers, and their experience with computers influence the way they feel about many other 

things. For example, about school, about learning and most relevantly here, people experience with 

computers often influences the way they think about themselves. 

Papert S. (1986). Seymour Papert on Logo. At Logo Foundation. 

The lesson of Papert is by no way a purely technical one. Nor it's limited to specific competencies, 

or accessing information, sharing and so on. Papert's idea of using computers in education is a 

holistic one. Logo was conceived to explore geometry, math, or even science, by means of clever 

simulations. But even more than that: 

The main purpose of Logo is not what they call “computer literacy” - of course it serves that, based 

on anything else I can think of, but the real purpose is not to have better understanding of 

computers but through computers to have better understanding of everything else including, I'd like 

to say, yourself. [...] I’m not trying to give you a theory of what causes children to be so involved 

and engaged with a computer, I’m trying to encourage a way of thinking that looks beyond the role 

of the computer in teaching one or another corner of the curriculum and tries to look at the 

emotional roots of what’s going on. 

Papert's thought emphasises the pleasure and benefit of discovering learning, appropriation, making 

knowledge your own in a way you feel good about it, seeking resonance between the immediate 

learning experience and the larger experience that makes up the learner's life. 

In this tape, I tried to show how a teacher can use Logo to play the role of intellectual glue, the role 

that mathematics has made for me. At other end, by some reflections, unpacking the intuition every 

teacher has, that is good to make connections... well why? There is a cognitive side: connections 

help you understand, you understand the new by referring to the old, they help you remember. But 

there is a deeper side, one that has to do with how you feel about knowledge and how you feel about 

yourself. Connecting new knowledge to things you know and love and things you can do makes you 

feel good about it, makes you take it in a form that is your own, but taking knowledge in form that 

feels to you as you, you change your feelings about you as well. You no longer think about yourself 

as somebody who can do math but doesn’t really understand poetry, or can draw but doesn’t have 

the head for numbers. Instead, you appropriate all knowledge in a form that is yours, that you can 

do, that you can love. And through loving what you know you love yourself more. 

The previous Papert's passages have been extracted from a video series made in 1986. However, 

even if the technologies used by Papert in these videos may appear quite obsolete nowadays, and 

even if the software derived from Logo in these thirty years are extremely valuable, we feel that the 

vision of Seymour Papert still belongs to the future and it is something we still have to strive for. 

We believe that these considerations give the right tone to bring people from the lower to the upper 

ladders of the digital participation process described in Growing Digital Citizens": from watching to 

sharing, to creating and, finally, to harness the potential of technology for a better society (Ferrari & 

Martens, 2016, p. 12). 

  

Free Software 
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According to the Free Software Foundation: 

“Free software” means software that respects users' freedom and community. Roughly, it means that 

the users have the freedom to run, copy, distribute, study, change and improve the software. 

[...] 

A program is free software if the program's users have the four essential freedoms: 

1. The freedom to run the program as you wish, for any purpose (freedom 0). 

2. The freedom to study how the program works, and change it so it does your 

computing as you wish (freedom 1). Access to the source code is a precondition for 

this. 

3. The freedom to redistribute copies so you can help your neighbor (freedom 2). 

4. The freedom to distribute copies of your modified versions to others (freedom 3). By 

doing this you can give the whole community a chance to benefit from your changes. 

Access to the source code is a precondition for this. 

  

The concept of Free Software was created by Richard Matthew Stallman in 1983, a physicist, at that 

time working at the MIT artificial intelligence laboratory as a programmer. He gave up to his 

research position once he discovered that software was becoming a strategic component of 

companies intellectual property, instead of being considered just composed by coded ideas, that is a 

particular sort of knowledge and, as such - this was Stallman's thought - it should be freely 

shareable among all humans. 

 

 

 

 

 

Stallman created 

• the GNU Project, a free operating system, on which Linux would have been builded upon, 

later on. 

• the Free Software Foundation, devoted to the promotion of Free Software all over the world 

• the GNU General Public License and the copyleft concept, which constitute the legal basis 

by means of which authors can freely give up to a certain amount of copyrights; a concept 

successively generalized with the Creative Commons and other licenses, conceived to face 

the needs of authors in the fast moving realm of Internet. 

Levels of Free Software committment 

Free software can be adapted by local communities and minorities to suite their specific needs and 

languages, particularly in the multicultural and multilingual context of the European Union. It is 

ethic and useful to use it and spread it freely. It counteracts the tendency of breaking proprietary 

software, which is against the law. It can be modified and improved by anyone who is capable of 

https://www.gnu.org/philosophy/free-sw.en.html
https://en.wikipedia.org/wiki/Richard_Stallman


doing it – and many young people are perfectly able to do it. It fosters collaboration and cooperation 

on complex shared projects. Free software is a powerful incentive to a creative and ethic approach 

to the use of technology. It is therefore a relevant instrument of democracy, particularly in 

educational contexts, in harmony with the funding values of the European Union. 

One can use free software by adopting different levels of commitment. The most radical choice is to 

use the Linux operating system. Linux is a smart operating system with several advantages for most 

users and nowadays can be installed rather easily. However, even if virtually any user could afford 

the transition, in practice many users might have reasons to keep their systems, no matter if 

Windows or Mac OS X. However, free software can be adopted at the much easier level of single 

applications. There are very good applications which can be installed on all operating systems, such 

as the office suiteLibreOffice, the Gimp image editor and the Audacity audio editor, just to mention 

some among the most popular ones. 

The appropriateness of the free software model for multicultural contexts stands out in the case of 

LibreOffice: some 50 worldwide communities are active to develop and maintain their respective 

localized versions ofLibreOffice but right now 178 languages are supported in some degree, that 

may include localized user interface, localized help system, auto-text lists, auto-correct list, spell-

check dictionaries, hyphenation patterns, Grammar check and Thesaurus 

(synonyms). LibreOffice includes all the typical applications of office suites for writing, presenting, 

organizing data, drawing and so on. But the reason why we are stressing here the interest in 

LibreOffice is because, among the numerous functionalities there is LibreLogo, a pretty thorough 

version of the Logo language, available by default among the standard LibreOffice tools since the 

4.2.3.3 version (2014). 

  

Recalling Seymour Papert’s principle of a low floor and a high ceiling ,LibreOffice is a very clever 

implementation of Logo. The “floor” is extremely low since to begin with you have to enter Writer 

(the standard LibreOffice word processor), then write down some Logo instructions and run the 

code just by pushing a menu button. If the code is correct an image is embedded in the document as 

a standard LibreOffice vector graphics. That way it is extremely simple to begin experimenting with 

Papert’s “Turtle geometry”. As we have said, actually Scratch was derived from Logo but, instead 

of being coded by means of text instructions, it uses colored blocks which can be put together in a 

Lego-like manner to compose a program. The advantage of this system is that of avoiding the 

possibility of orthographic and syntactic errors. This may lower the floor at the beginning but 

successively, it may even hamper the transition to “true languages”, as we have pointed out before. 

In LibreLogo you have to type text instructions, which at the beginning it may be more demanding 

but not more than writing English simple sentences. Indeed, it is good that the same kind of skills 

may be useful in different areas. LibreLogo can be used off line, without having to be connected to 

a web service, something that can cause some digital divide problems – in many regions this is still 

an issue. Even the sharing of programs, for exchanging problems and solutions, is extremely easy 

since it simply requires to send short pieces of text, by whatever means, again without having to 

rely on an online platform. Finally, with LibreLogo the emphasis is naturally put on math and 

science, again, which is a good thing since the spread of a true scientific culture is still an issue. 

 

https://www.libreoffice.org/
https://www.gimp.org/
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Drawing with LibreLogo 
Does teaching Logo to teacher students looks like teaching it to kids? 

This is an introduction to Logo addressed mainly to teacher students, where we show how to initiate 

kids to the Logo practice. Interestingly, having proposed this matter to several hundreds of teacher 

students, I realized how teaching Logo to kids is very similar to teaching it to grown up students. 

And, in average, during the first approach kids perform even better! We often discuss it with those 

students that claim having had major difficulties talking to the Turtle. The majority of them 

experience a kind of "resurrection" after some initial struggling: "At the beginning I didn't 

understand anything but then... what a marvel!" But few never free themselves from the bad mood, 

at least within the two and a half weeks duration of the lab. Talking with these students is always 

very interesting because they are amazed when I tell them that, most of the times, 9 year old kids 

get along with the Turtle quite well. When trying to dig into this paradox, it appears that kids grasp 

quite naturally the playful aspect of the situation. On the other side, as we have pointed out in the 

previous chapter, adults easily get trapped in their own prejudices: I don't have a head for numbers, 

computer and me are very far away, I never went along with technologies. Especially the last one is 

a statement I heard lots of times, and, amazingly, from true digital natives. That is, a person who 

may have thousands of Facebook contacts, candidly claims of not getting along with technologies. 

  

Let's begin typing something 

Having stressed that, please, do face the Turtle with the most playful spirit possible, starting from 

scratch. Since I suppose you know how kids tackle a new game, try doing just the same. Having 

stressed that, please, do face the Turtle with the most playful spirit possible, starting from scratch. 

Since I suppose you know how kids tackle a new game, try doing just the same. Now, provided you 

downloaded LibreoOffice and activated the Logo toolbar, as explained in the first chapter, open a 

new text document. You are in front of a white sheet: you could write a letter, a shopping list, a 

poem or whatever you like. Try to write the following (I used uppercase characters just for clarity, 

LibreLogo is "case insensitive"): 

 

FORWARD 100 

  

What do you see? Forget your ”limits” and everything you think about your relationships with 

math, technology and so on. Look at the result you have obtained and compare it with what you 

have written. Ask yourself questions. Experiment with the Turtle about the possible answers that 

come in your mind. 



Before trying something new, write the following commands before the previous one: 

  

  

CLEARSCREEN 

HOME 

  

With the first one you cancel the previous drawing, with the second one you send the Turtle in its 

"home" position, that is at the center of the sheet with its nose pointing upside. 

  

CLEARSCREEN 

HOME 

FORWARD 100 

  

Then, again, press the "Run" button. What's changed? 

  

Please play... 

Now, in order to explore better what the Turtle can do, I tell you a couple of other commands: 

  

RIGHT and LEFT. 

  

Not difficult to imagine what are these commands for, isn't it? But something is missing, in order to 

be able to use it, what? Well, try to guess and experiment. Please, reflect on what's really going on 

with the Turtle, when you apply these commands. Then, just play to see what you can do. 

Remember, as you were a child... 

  

Save your work once in a while... 

The reason for I'm insisting so much about what children can do is that I had several opportunities 

to work with them and with the Turtle. Really a few say it's too difficult, most just play and get 

excited to let the small animal create funny things. Once, trying to draw a house a girl came out 

with kind of a bizare castle. I praised her, commenting on how marvelous was this drawing, she was 

so proud. Then, when I came back to her, having considered the works of other kids, I found her in 

tears, sobbing desperately: she had accidentaly erased the commands in a way that I have been no 

more able to recover. I felt guilty for not having taught her how to save the work once in a while. 

  



Therefore, if you start creating some more complex stuff you like, don't forget to save the 

document once in a while. It's so easy. 

  

In the past this introduction was much longer. Following the experience I have gathered during the 

last couples of years, both working with teacher students and with kids, I prefer to stop here, 

inviting you to freely explore the possibilities. From here you can go in several directions. If you 

want specific indications and examples for using the basic commands, or you want to discover more 

powerful instructions, you'll find them in the next chapter and following ones.  Later on you will 

discover the possibilities of explorations by reading the story of Marta, a former teacher student of 

mine. Or, if you want to read about a fascinating way about introducing kids to the drawing of a 

circle, go and read the section about the circle, well, the first part of it, otherwise you'll begin 

flying... 

  

Let's go into the details 

The program allows to create graphics through the movements of a “turtle” who obeys specific 

commands. Let's just see an example. 

Open a new text document and write this command: 

  

HOME 

  

You'll see that the turtle just appeared in the middle of the screen with its head up. 

 

  

By the way, note that the Turtle is itself a LibreLogo graphics and it is a Tangram composition... 

  

Now add a FORWARD command: 

  

HOME 

FORWARD 100 

  



 

  

The Turtle travelled a distance of 100 display points leaving a trace, thus drqwing a segment 100 

points long. A the end, the Turtle remains where it is, at the end of the new segment, waiting for 

another command. 

Alternatively, you could also specify other space units, for instance 10mm, 10cm, 10 in. Just try. 

Remember that 1 pt = 1/72 inches, where 1 inch = 25.4 mm. Therefore 1 pt = 2.54/72 = .3527 mm 

  

Now let's try to use the turn commands you discovered before, for instance RIGHT... 

  

 

We have drawn four sides, and at the end of each side we turned right by 90° , thus obtaining a 

square. 

  

The peculiarity of LibreLogo among other software environments 

Just two words about the peculiarity of LibreLogo. The sequence of instructions we wrote is a bit of 

code, it’s a software. We wrote it in a particular kind of language, which is Logo's, and is it also 

very simple, but it's a software just like any other. Usually the software is written in special 

documents using simple text editing and context editing and it’s saved that way. Then, the computer 

executes them. The ways these operations are being executed vary a lot, depending on the kind of 

languages and the context. Nowadays there are hundreds of different languages that are used for the 

most different goals. 

  

The peculiarity of LibreLogo is that the software is written in a document and the turtle “works” on 

the same document, leaving its mark in a graphic way. So, one obtains both the code and its graphic 



result all together in one document. The graphics can be selected with the mouse and, eventually, 

may be transferred to various contexts. For example, I created the above pictures by playing with 

the turtle in another document, then I selected the graphics and I brought them here. Another 

notation: a group of instructions made to operate in sequence is called script, expression that we 

will use profusely. 

  

A classic: let's build a house 

Now we want to build a house, therefore we need a roof. We can do this by drawing an equilateral 

triangle over the square, its base coinciding with the upper side of the square. Assuming that we 

builded a square of side 50 mm, being the roof equilateral, the other sides of the triangle will have 

to be 50 mm long as well. So, in order to make the left side of the roof, the turtle will need to move 

50 mm, but before that, it needs to change direction. How much? Since the internal angles of an 

equilateral triangle are 60° each, the turtle needs to detour by 90° - 60° = 30° on the right. Very 

often, begginers, and even grownups, let the Turtle turn by 60°, focusing on the internal angle value 

of the triangle, instead of on the deviation from the current Turtle's direction. Once it has reached 

the top, drawing the left side of the roof, it will have to turn right by 120° in order to draw the right 

side. Finally, it will turn by 30° on the right to align itself to the wall of the house. 

 

Here we are... 

CLEARSCREEN 

HOME 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

We put something else in this code. First of all we added, at the top, some housekeeping 

instructions: clean the screen from any other kind of graphics eventually hanging around go home 

and - it is convenient do do this before any new drawing. Second, we have written some couple of 

instructions on a row: FORWARD 50mm RIGHT 90. With LibreLogo you can do this, the 



behaviour is the same. It is just a matter of code readability. It is a good idea to make the code as 

readable as possible, especially when it get's more complex. 

 

Raising the pen 

Now, let's suppose we want to draw a window in the middle of the wall. To do that it's necessary to 

introduce two new commands - PENUP and PENDOWN - that allow to move the turtle without 

drawing. 

 

CLEARSCREEN 

HOME 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 30 

FORWARD 50mm RIGHT 120 

FORWARD 50mm RIGHT 120 

PENUP 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 



 

 

In the figure the path with pen up was made red. 

Finally: 

CLEARSCREEN 

HOME 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 30 

FORWARD 50mm RIGHT 120 

FORWARD 50mm RIGHT 120 

PENUP 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

PENDOWN 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

  

Drawing with colored pencils 

CLEARSCREEN 

HOME 

PENCOLOR ”green ” 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 



FORWARD 50mm RIGHT 30 

PENCOLOR ”red ” 

FORWARD 50mm RIGHT 120 

FORWARD 50mm RIGHT 120 

PENUP 

FORWARD 50mm/3 LEFT 90 

FORWARD 50mm/3 

PENDOWN 

PENCOLOR ”blue ” 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

PENCOLOR ”gray 

 

And why not colour the inside as well? 

CLEARSCREEN HOME 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 90 

FORWARD 50mm RIGHT 30 

FILLCOLOR ”yellow ” FILL 

FORWARD 50mm RIGHT 120 

FORWARD 50mm RIGHT 120 

PENUP FORWARD 50mm/3 

LEFT 90 

FORWARD 50mm/3 PENDOWN 

FILLCOLOR ”red ” FILL 



FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

FORWARD 50mm/3 RIGHT 90 

FILLCOLOR ”green ” FILL 

 

How does coloring work 

In this code we grouped two instructions. With the first one we established which colour to use: 

FILLCOLOR "green ". With the second - FILL - we ask the Turtle to colour the figure. The 

instruction FILL does two things, actually: it closes the figure and it fills it with a colour. In order to 

understand what closing means, try to execute 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

You will obtain an open right triangle, since the third side, the hypotenuse, is missing. You can close 

and fill the figure with 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FILL 

 



Or, if you want just to close it, without colouring 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

CLOSE 

 

Closing in the standard Turtle way 

Otherwise, you should calculate the correct turning angle and length of the hypotenuse, then give 

the appropriate moving commands. 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 135 

FORWARD SQRT(10000+10000) RIGHT 135 

Well, there is something new here, try to figure out by thinking to the Pythagoras theorem... 

At any rate, this is what we get. 

Note that here the Turtle returned in its initial state: same initial position and same initial heading. 

Remember this concept: state. 

 

 



 

Hands on the tools 
Birth of Logo (as a robot) 

Logo was created by Seymour Papert in the seventies to improve the learning of math. Seymour 

Papert, born in South Africa in 1928, first studied math in Johannesburg and successively in 

Cambridge. Between 1958 and 1964 he got his PhD at the University of Geneva with Jean Piaget: 

interesting collaboration between a mathematician and a pedagogist. Since 1964 he was a researcher 

of the MIT Artificial Intelligence laboratory where, in 1967 he got the position of codirector with 

Marvin Minsky, a relevant scientist in the field of artificial intelligence. The laboratory is the same 

where Richard Stallman, father of free software, would have worked a few years later. Seymour 

Papert is famous for having invented Logo, a programming language for drawing by giving 

commands to a "Turtle". However, in the first version, conceived in the Seventies, the Turtle was a 

robot which was able to draw by means of a pencil. At those days you needed an advanced lab to 

build a device like that. Nowadays you can find educational robots that are quite similar to the first 

Papert's Turtle robot at affordable prices. 

Then Logo became a software language 

When computers arrived in the homes in the 80s, Logo became a software and as such was 

described by Seymour Papert in Mindstorms. However, it is important to point out the pedagogical 

perspective of Papert’s thought. Let’s read this passage, taken from Mindstorms (pp. 7-8)1: 

I take from Jean Piaget a model of children as builders of their own intellectual structures. Children 

seem to be innately gifted learners, acquiring long before they go to school a vast quantity of 

knowledge by a process I call "Piagetian learning", or "learning without being taught". For 

example, children learn to speak, learn the intuitive geometry needed to get around in space, and 

learn enough of logic and rethorics to get around parents - all this without being taught. We must 

ask why some learning takes place so early and spontaneously while some is delayed many years or 

does not happen at all without deliberately posed formal instruction. 

If we really look at the "Child as a Builder" we are on our way to an answer. All builders need 

materials to build with. Where I am at variance with Piaget is in the role I attribute to the 

surrounding cultures as a source of these materials. In some cases the culture supplies them 

inabundance, thus facilitating constructive Piagetian learning. For example, the fact that so many 

important things (knives and forks, mothers and fathers, shoes and socks) come in pairs is a 

"material" for the construction of an intuitive sense of number. But in many cases where Piaget 

would explain the slower development of a particular concept by its greater complexity or formality, 

I see the critical factor as the relative poverty of the culture in those materials that would make the 

concept simple and concrete. 

https://www.federica.eu/CMS/add_slide.php?cor=365&lez=5670&sli=109018#sdfootnote1sym


1 Seymour Papert (1993) Mindstorms, Children, Computers, and Powerful Ideas. Basic books, New 

York, 2 edition. 

  

Logo versions 

In the 90's Logo circulated as a program installable from a floppy disk. Once launched, it produced 

a black screen on which instructions could be written in sequence, one after the other. The 

instructions represented the movements given to the turtle on the screen. Then, with a special 

command, you could "execute" the sequence of commands, and so the turtle would move leaving a 

mark on the screen. Logo had a great resonance as an experimental method for teaching math and a 

wide variety of versions have been derived, reaching to generalizations such as the current Scratch. 

However, it has not been widely distributed in schools and maybe it has been more successful 

among kids than among teachers. Probably it was too early. Using Logo means writing code, an 

activity that is not part of the preparation of most teachers, including those who teach science. 

Today it is perhaps different, we talk a lot about \textit{coding}, even if perhaps not always with 

full knowledge of the facts. The situation has evolved so much that coding can mean so many 

different things. Moreover, from the 1980s to the present, the variety of programming languages has 

grown enormously. A lot of Logo versions are available. Here we list just those that we had the 

chance to play with: 

• LibreLogo 

• Kojo 

• Turtle Academy 

• Xlogo developed at ETH Zürich 

A short description of these systems follows. 

  

Librelogo 

LibreLogo is the implementation of the famous Logo language within the wordprocessor Writer. 

Writer is the word processing application of the LibreOffice, analogously to word, which is part of 

MS Office suite. It can be downloaded from http://libreoffice.org for any kind of platform. But what 

does it mean to use Logo within a word processor like Writer, considered that this is a normal word 

processor while Logo is a kind of a drawing language? Simple: With the LibreLogo toolbar you can 

produce images that are integrated into the document as if they were imported. It's a brilliant idea, 

due to Németh László, who reproduced the features of Logo within LibreOffice. In reality, he 

further improved them, taking advantage of the Python language, with which he wrote the plugin. 

Using LibreLogo is very simple: you open a document in Writer, you write some code in Logo 

language, as you would write any other text, and then you run it by pressing the appropriate button 

in the LibreLogo toolbar; if the code is correct, the system executes the code drawing a figure in the 

text, right in the middle of the page. The drawing will be included as a standard LibreOffice 

graphics and can be manipulated accordingly. Later on we will see how to set upo LibreLogo in 

LibreOffice. 

https://www.federica.eu/CMS/add_slide.php?cor=365&lez=5670&sli=109018#sdfootnote1anc
http://librelogo.org/en/
http://www.kogics.net/kojo
https://turtleacademy.com/
http://xlogo.inf.ethz.ch/v2.6.2/index.html
http://www.abz.inf.ethz.ch/primarschulen-stufe-sek-1/unterrichtsmaterialien/
http://libreoffice.org/


The LibreLogo implementation of Logo fits very well the famous idea of Papert: an educational 

software language should have a low floor and a high ceiling. That is it should be very easy to begin 

with and, at the same time, it should allow for growing in complexity. LibreLogo is probably the 

most easy implementation for beginnners: just open a text document, write down some instructions 

and push a button to see the resulting drawing. 

  

Kojo 

Kojo is a very poweful coding environment thought to teach math and other science related topics. 

It is a Java program that can be downloaded and run on any operating system. It can be downloaded 

from http://www.kogics.net. The capabilities of Kojo go well beyond those of a typical Logo 

environment. Actually it is an implementation of Scala, a very up-to-date and powerful 

programming language. Among many other features, it allows for drawing many pictures 

simultaneously, opening the doors, for instance, to the world of biological systems simulations. 

Something that it is not possible to do with the current version of LibreLogo. The drawback is that 

thew syntax is somewhat more complex. For instance, whereas in order to draw a segment of length 

100 with LibreLogo you have to type the following 

LibreLogo Kojo 

REPEAT 4 [ 

FORWARD 100 

RIGHT 90 

] 

repeat(4) { 

forward(100) 

right(90) 

} 

  

Even in this trivial example you have to bother with more brackets levels. 

  

Turtle Academy 

Turtle Academy is a Web site for learning theLogo language. Commands are pretty similar to the 

LibreLogo ones. One difference is that variables names have to be declared by preposing a colon to 

the name. For instance :a or :foo instead a or foo. There are free lessons, and a lot of examples to 

browse, a free playground to experiment. After having signed up (for free) you can store your own 

programs and to share them with others. The playground is very convenient, just type commands 

and with return they are immediately executed. On the right the manual is always available. 

  

Just copy the following string... 

  

repeat 4 [ forward 100 right 90 ] 

  

and paste it into the playground command box, the type return... 

  

https://www.scala-lang.org/


Xlogo 

Xlogo is a Web site for learning Logo as well. It is the simplest system available, as far as we know, 

right for k1-5 kids. Like with the Turtle Academy copy the string 

repeat 4 [ forward 100 right 90 ] 

and paste it into the command box on the right. By typing enter you get the result. 

Xlogo has a very direct system build procedures, that is new commands. Lets anticipate this concept 

takking advantage of this very simple system. Use the editor box at the left side of the Xlogo screen 

to type the following: 

to square 

 

repeat 4 [ 

forward 100 

right 90 

] 

end 

Then go in the command box at the top of the right side and type square and then return... 

  

Scratch 

Since the surge of Logo, in the 1980s, the variety of programming languages has grown 

enormously. Nowadays, among the logo derivations, Scratch is the most renowned educational 

programming language. Mitchel Resnick, a former student of Papert, is the project leader of Scratch 

and now is still following it at the MIT Media Laboratory. Scratch goes far beyond the production 

of graphics and allows you to create animations and video games, thus also allowing one to 

experiment with rather sophisticated programming techniques. Another innovative aspect is that it is 

structured as a web service and this has allowed the creation of a large community of living 

dissemination and exchange of programs. From the operational point of view, Scratch differs from 

Logo in that it is a visual language. The commands are in fact made up of coloured blocks that can 

be interlocked. The program comes out from the execution of these sequences of commands 

connected together, as in a puzzle. It's an attractive system that's a bit like Lego, where the 

instructions you give are stuck together like bricks. The joints ensure that instructions are combined 

only in legitimate ways, protecting against the typical and frequent spelling and syntactical errors 

that anyone who is writing software in the conventional text mode would encounter. Many of these 

languages have emerged, in addition to Scratch. The most famous 

are Snap!, Alice, Blockly, Android App Inventor, just to name a few. 

We show here a comparison between a blocks- and a text-based languages. At the left we have a 

Snap! piece of code and at the right a LibreLogo one. Both produce the same result, that is the 

drawing of a square of side 100 point of the display. It's easy to find the correspondences, for 

instance the block "move 50 steps" corresponds to "FORWARD 50" and so on. There are some 

http://xlogo.inf.ethz.ch/v2.6.2/index.html
https://snap.berkeley.edu/
https://www.alice.org/
https://developers.google.com/blockly/
http://appinventor.mit.edu/explore/index-2.html


small differences, such as for getting at the center of the page before starting the drawing: you use 

the blocks "set x to 0" and "set y to 0" on one side and "HOME" on the other. 

 

Here we used Snap! but the same Scratch code looks exactly the same. I used Snap! since I have a 

certain preference for this language. Snap! represents an enhancement of Scratch, which makes it 

more similar to a generic language, while maintaining the visual form. Among these features there 

is the possibility of saving  the code in a standard format (XML) which is readable and editable by 

any text editor. For those who are used to working with software, this is a very important element. 

A special feature of Scratch is that it has created a large software sharing community. This happened 

thanks to the fact that it was conceived as a web service, which allows the writing of programs and 

the possibility of running them but also the realization of a social environment for sharing and 

remixing the programs. Visual languages have also drawbacks. They are (apparently) easy, fun and 

colorful, their effectiveness would seem guaranteed but the scientific evidence is not so clear. There 

are in fact various studies that show that visual languages do not facilitate so much the learning of 

"real" languages (Weintrop, 2015a). It seems that they are advantageous to understand the simplest 

constructs of programming but studies where the deep understanding about what a given algorithm 

does do not show substantial differences between visual and textual languages (Weintrop, 2015b). 

The research of Colleen Lewis is of particular interest. She compared the results obtained with Logo 

and Scratch in a class of children between 10 and 12 years (Lewis, 2010). The results showed that 



the learning of some specific coding constructs was facilitated by Scratch but, on the other side, the 

kids showed a higher level of self-esteem when introduced to programming with Logo. 

And even if in the initial phases kids prefer visual tools, later on, once they try conventional textual 

programming, they may perceive the limits of visual coding: 

• as limiting their creativity because less powerful 

• because they feel visual coding less real: "if you have to do something real, nobody will ever 

ask you to encode it with visual educational software" (Weintrop, 2015c) 
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It is on the basis of such considerations that we decided to focus on the Logo language, as an 

introductory tool to programming. Pretty a number of Logo versions are available nowadays. We 

here focus on a version that is available by default in Writer, the word processing application 

included in the LibreOffice office suite, analogous of the widespread MS Office suite. There is 

another similar project called OpenOffice. Many ask what are the differences with LibreOffice. At 

present, LibreOffice is convenient because it incorporates more features and is updated more 

frequently. Software products such as MS Office are "proprietary", i.e. the company sells it but 

without distributing the source code in clear, according to the conventional industrial model, with 

which the intellectual property is jealously kept secret. LibreOffice is a free software, and as such is 

ideal for use in any educational context. Firstly, because it carries an ethical message - let's recall 

here the four freedoms definition of Free Software (lesson 1, slide 19): 

  

• The freedom to run the program as you wish, for any purpose (freedom 0). 

• The freedom to study how the program works, and change it so it does your computing as 

you wish (freedom 1). Access to the source code is a precondition for this. 

• The freedom to redistribute copies so you can help your neighbor(freedom 2). 

• The freedom to distribute copies of your modified versions to others (freedom 3). By doing 

this you can give the whole community a chance to benefit from your changes. Access to the 

source code is a precondition for this. 

http://dweintrop.github.io/papers/Weintrop-diss-4pager.pdf
http://dweintrop.github.io/papers/Weintrop-diss-4pager.pdf
https://ccl.northwestern.edu/2014/Weintrop%20and%20Wilensky%20-%202015%20-%20To%20Block%20or%20Not%20to%20Block,%20That%20is%20the%20Question%20St.pdf
https://ccl.northwestern.edu/2014/Weintrop%20and%20Wilensky%20-%202015%20-%20To%20Block%20or%20Not%20to%20Block,%20That%20is%20the%20Question%20St.pdf
http://www.terpconnect.umd.edu/~weintrop/papers/Weintrop_Wilensky_ICER_2015.pdf
http://www.terpconnect.umd.edu/~weintrop/papers/Weintrop_Wilensky_ICER_2015.pdf
http://ims.mii.lt/ims/konferenciju_medziaga/SIGCSE%2710/docs/p346.pdf
http://ims.mii.lt/ims/konferenciju_medziaga/SIGCSE%2710/docs/p346.pdf


  

Where we emphasized the ethically-oriented sentences. 

  

It should be noted - on this point many are confused - that Open Sourcesoftware is different 

from Free Software since the ethical aspect is missing: Open Source software assumes that the 

source code is available in clear, but does not mention the four freedoms mentioned above and, in 

particular, the two specifications that characterize the ethical value of Free Software: "so as to help 

others" in the third freedom and "so that the whole community benefits" in the fourth freedom. Free 

Software is developped by communities that may join together in non-profit societies. Open Source 

is developped by private economic actors who adhere to the shared development paradigm because 

it fits well into their marketing strategies: there are companies that develop Open Source projects 

alongside traditional proprietary products because they find it convenient for their marketing 

strategies, which is perfectly right but it's different, and pretty relevant in educational contexts, for a 

number of good reasons. By proposing to use Free Software at school 

• you teach that there are people who do things because they thing it is good, and not 

necessarily only for money 

• you teach a strongly collaborative working model 

• you potentially empower students because some of them may discover they may contribute 

to some software project, out there 

• you make clear the crucial point that to crack proprietary is bad because it is against the law, 

whereas there are high quality free software alternatives 

LibreOffice and LibreLogo are both free software. LibreLogo is a plugin of LibreOffice and it is 

integrated in the all downloadable version by default. However, when you launch Libreoffice for the 

firs time you will not see the LibreLogo toolbar. In order to activate it you have to check the item 

View->Toolbars->Logo in the menu, then close and relaunch the program. But what does it mean to 

use Logo within a writing program like Writer, considered that this is a normal word processor 

while Logo is a kind of a drawing language? Simple: With the LibreLogo toolbar you can produce 

images that are integrated into the document as if they were imported. It's a brilliant idea, due to 

Németh László, who reproduced the features of Logo within LibreOffice. In reality, he further 

improved them, taking advantage of the Python language, with which he wrote the plugin. Using 

LibreLogo is very simple: you open a document in Writer, you write some code in Logo language, 

as you would write any other text, and then you run it by pressing the appropriate button in the 

LibreLogo toolbar; if the code is correct, the turtle executes the code drawing a figure in the text, 

right in the middle of the page. 



 

Once this is done, you must close the program and relaunch it to see, among the other toolbars also 

the LibreLogo one: 

 

where the icons have the following meanings: 



 

By running a program in LibreLogo you embed a graphic object in your LibreOffice document. The 

graphic objects produced by LibreLogo are completely similar to those produced with the 

handwriting tools available in Writer, accessible through the special toolbar, under the menu item 

View} ->Toolbars->Drawing: 

 

As such, drawings made with LibreLogo can be moved, copied, or saved like any other graphic 

object. One useful thing to understand is that such objects are often actually a composition of 

distinct objects. We will do many of them in this manual. To use them as a single object, use the 

grouping function, as follows: first, you delimit the region that includes the objects to group, by 

selecting the pointer. in the drawing bar and then by outlining the desired rectangular  box with the 

mouse and holding down the left button. Please note that the mouse cursor must be in the shape of 

an arrow and not the typical you have when inserting text, in the shape of a capital I, because this is 

where you insert text and not graphics. The fact that the graphic (and not textual) cursor is active is 

also understood by the fact that, at the same time, another toolbar is activated for controlling the 

graphics: 



 

When you select the region containing the graphic objects, icons are activated in this bar, including 

the icon for the grouping function, which is represented by a group of three rectangles. Pressing this 

will group all graphic objects in the selected region into a single graphic object that can be copied 

elsewhere or saved. 

Another useful trick is to properly "anchor" the graphics to the document, where we have to use 

them. The key to determine the anchorage in the usual graphic bar has the shape of an anchor. By 

clicking on the arrow on the right of the anchor, you can select four anchor types: 1) "on page", 2) 

"in paragraph", 3) "in character" and 4) "as character". In the first case the graphics are associated to 

the page and do not move from it, in the second to a paragraph, in the third to a character and in the 

fourth case it behaves as if it were a character. What is the most appropriate anchorage is something 

that you learn from experience. Most of the graphics in this manual have been anchored "to the 

paragraph", except for small images that are in line with the text, as in the previous one, these are 

anchored "as a character". 

These concern the management of graphics in Writer in general. Using LibreLogo, the only 

difference is that the graphics are produced through the instructions we put in the code. LibreLogo 

places the graphics in the middle of the first page of the document, even if the code text extends on 

the following pages. It may happen that the graphics overlap the text of the code itself. At first 

glance the result may be confusing and one can believe something wrong is going on. None of this. 

The graphics are produced to be used somewhere else. It is simply a matter of selecting it, as we 

have just described, and taking it elsewhere, in a clean page simply to see it clearly, or in some other 

document where it must be integrated. 

 



 

Marta's story - The Turtle Total Trip theorem 
Marta's message 

A couple of years ago, I received the following message from Marta, a student primary teacher of 

mine. 

I am writing to you because I tried to reflect on some issues, using Logo, and I developed a short 

path with some "creative exercises", as I called them, possibly to be carried out with children, based 

on the operation of repetition of elements to form new images. I was inspired by the book of 

Munari1, "Fantasia"; beautiful! Starting from this, I then developed some reflections, even of a 

geometric nature, which, I must be honest, made me a little "crazy"; I collected some hypotheses 

and data and, even if I did not reach any definitive conclusion, I nevertheless found some interesting 

aspects, on which I could perhaps reflect. 

[1] Bruno Munari, Fantasia, Laterza, Bari, 1977. 

Bruno Munari was a famous author in the twentieth century Italy in graphic designing. He gave 

prominent contributions to visual arts, industrial design, sculpture, painting, literature, film and 

concrete art. 

http://www.famousgraphicdesigners.org/bruno-munari


 

  

Prologue 

It's worthwhile to begin with the original Marta's prologue: 

Our journey starts from the reading of a beautiful text by Bruno Munari, Fantasia. The text is an 

eulogy to fantasy. According to Munari, a cultured person without imagination is like a dictionary, 

full of words but lacking in poetry. One of mental devices involved by fantasy, consists in the 

repetition of units, without variations. What happens if we repeat some objects over and over 

again? We tried to give an answer, using Logo and exploiting its great graphic potential: "To Logo 

the technical precision, to us experimentation, reflection... and fun! The journey is not limited to 

giving free fantasy, but also gives rise to some geometric and arithmetic reflections, through 

inductive method and according to a scientific approach (observation-hypothesis-verification). It is 

assumed to work with a class of primary school children. 

  

First step: the house 



The work starts with one of the basic exercises we usually propose in the lab: the drawing of a 

house composed by a rectangle and a triangle. 

CLEARSCREEN 

HOME 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 30 

FORWARD 100 RIGHT 120 

FORWARD 100 

 

  

Getting a village 

Try to delete the first CLEARSCREEN command, then start the program again and agin. Then if I 

go and drag the drawing I discover that houses were superimposed, by dragging them here and there 

we get a village! 

 

HOME 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 30 

FORWARD 100 RIGHT 120 

FORWARD 100 



Run repeatidly and drag the results... 

 

  

A star? Or a flower? 

Now let's getting rid of the HOME command, as well, and run the code repeatidly... 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 30 

FORWARD 100 RIGHT 120 

FORWARD 100 

What's this? Someone will see a star here, someone else a flower... 

 



  

Overflowing curiosity... a rocket? 

Here Marta's curiosity is overflowing: what if we are adding a final arbitrary turn, after every house 

drawing? 

REPEAT 5 [ 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 30 

FORWARD 100 RIGHT 120 

FORWARD 100 

RIGHT 45 

] 

Here Marta decided to choose as main parameter the final turning angle expressed with respect to 

the vertical. 

 

  

Exaggerating... the sun... 

Then, among some other variations, she tried to exaggerate, because kids like to do so... 

REPEAT 100 [ 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 



FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 30 

FORWARD 100 RIGHT 120 

FORWARD 100 

RIGHT 10 

] 

A sun! 

 

  

Marta's conjecture 

When playing with these, codes sooner or later, you discover that after a certain number of 

repetitions, the figure is finished and, if you keep increasing the iterations, the turtle will simply 

repeat the same drawing again and again. Marta observed that the number of iterations required to 

complete the figure was dependent on the final turn added at the end of each house drawing, and 

built the following table: 

Final turn (expressed with respect to the vertical 

direction 

Number of ierations needed to complete the 

figure 

15 24 

30 12 

60 3 

70 36 

100 9 

120 6 

240 6 

And she concluded: 

"Unfortunately, no relationship seems to emerge. . . . Now stop and ponder for a moment ... Could 

we perhaps make other assumptions?" 



  

A first euristic solution 

The first answer we gave Marta was an euristic one: 

 

 

  

where  is the required number of iterations,  is the angle of final turn with respect to the vertical 

and "mod" is the modulo operation, which gives the remainder of the division between the two 

operands,  an 60 here. Euristic means an approach to problem solving that employs a practical 

method, not guaranteed to be optimal, perfect, logical, or rational, but instead sufficient for reaching 

an immediate goal. It just works for the cases it had to solve, but without the sustain of an 

underlining general theory - without true knowledge of the phenomenon, therefore. 

Later on, we discovered other cases that required to change this formula, in order to include them in 

the solution. The expression became more general but no significant progress in comprehension was 

made. 

  

A numerical solution 

In a successive course, another student proposed to apply a numerical solution, that is: 

why not let the turtle recognize its start state by itself? 

The idea was correct, from a logical point of view because, if after a certain number of iteration the 

turtle assumes the same state it had at the beginning, from this point on it can do nothing else then 

repeat the same pattern. We applied this approach trying insturctions like the following one: 

IF POS = P_START AND DIR = D_START [ STOP ] 

From the pratical point of view the approach was not flawless, because when comparing digital 

numbers produced in long calculations you may have rounding-off errors that require to apply some 

tricks. And, at any rate, we don't gain anything about the knowledge of the phenomenon. 

  

The mathematical solution? 

The answer to Marta's conjecture can be found in the first chapter of Turtle Geometry (p. 4-54). 

Mathematical solution to problems are made of theorems and theorems have to be proved. This is 

not easy, it's the mathematician's job. But we do not need to follow all the passages because the 

concepts can be understood by putting together the statements of the relevant theorems. If some 

readers want to go in more depth on this subject, he can refer to the aforementioned chapter. I will 

be glad to share with them the relevant parts of this publication. 



First of all we have to take not of one of the basic mathematical objects of turtle geometry, 

the POLY procedure: 

TO POLY SIDE ANGLE 

REPEAT [ 

FORWARD SIDE 

RIGHT ANGLE 

] 

We have already seen this construct, several times. Now we are going to realize that it is really a 

fundamental object. It is called POLY, because it is the basic construct to draw regular polygons. 

But, as soon as we begin to play somewhat freely with the SIDE and and ANGLE parameters, we 

discover amazing shapes. 

  

The closed-path theorem 

 

The total turning along any closed path is an integer multiple of 360° 

where the integer multiple is called "rotation number" of the closed path 

It is appropriate to specify that, here and in the following, by closing we do not mean just to reach 

the starting point but also to arrive there with the same initial direction. That is we mean reaching 

the same state. 



 

  

  

  

The simple-closed-path theorem 

  



The total turning in a simple closed path is 360° (to the right or to the left). That is to say, the 

rotation number of any simple closed path is 1 

  

By simple closed we mean a path that never intersects itself, even if very complex. This is the 

formulation usually quoted as Turtle Total Trip theorem. It's useful to to keep in mind when drawing 

regular polygons, for instance. 

 

  

POLY closing theorem 

  

A path drawn by the POLY procedure will close precisely when the total turning reaches a 

multiple of 360° 

  

Just play by running the POLY code, changing the parameters SIDE and ANGLE. Try also to fix 

small repetition values in the REPEAT statement and increase them progressively, observe what 

happens and reflect on this. We report here the POLY code for convenience. 

TO POLY SIDE ANGLE 

REPEAT [ 

FORWARD SIDE 

RIGHT ANGLE 

] 

  



  

The looping lemma 

  

Any program that is just a repetition of some basic loop of turtle istructions has precisely the 

structure of POLY with an angle input equal to T, the total turning in the loop 

  

This is a very important result because it allows to link the previous theorems to Marta's conjecture, 

thus opening the road to its solution. The drawing of the house plus the final rotation used by Marta 

in her explorations constitutes a "basic loop of turtle instructions" and, as such, it will have a total 

turning T value. This lemma states that this will be equivalent to a POLY program where 

ANGLE=T, that is 

  

TO POLY SIDE T 

REPEAT [ 

FORWARD SIDE 

RIGHT T 

] 

  

Then let's focus on POLY 

If n is the number of iterations in POLY and A is the input ANGLE, the POLYclosing theorem 

says that POLY is done when the turtle has turned a multiple of 360°, that is, when n turns of A each 

is some multiple of 360°: 

 

where R is the rotation number we have defined in slide 13. We rewrite here the code of POLY with 

A for ANGLE and naming N the number fo repetitions 

  

TO POLY SIDE A 

REPEAT N [ 

FORWARD SIDE 

RIGHT A 

] 

The reader will notice that nothing has been said about SIDE. Actually, SIDEdoes not play any 

significant role about the shape of the figure. It just determine its scale. Try... 

  

Towards the answer to Marta's conjecture 



With equation , which defines a common multiple of A and 360, doesn't tell the whole 

story. R and n aren't just any integers satisfying the equation; they are the smallest (positive) that do 

so, corresponding to the first time heading change reaches a multiple of 360. That is why the 

number  is called the least common multiple of A and 360, denoted . 

  

Therefore the number of iteration need to close the figure is given by 

 

and the rotation number is given by 

 

  

  

The answer to Marta's conjecture 

At this point, by putting together this last result which is valid for POLY programs and the looping 

lemma (slide 16) which associates generic loops of turtle commands, such as that of Marta's 

explorations, and POLY procedures, we have the answer to our question, given that T is the total 

turn along the path: 

 

The answer we have should given to Marta is just that. And, what is important, this answer is valid 

for any combination of the parameters. It is the mathematical answer. 

To apply this formula we have to calculate the total turn T. The total turn to draw a simple house, 

such as in slide 4 (we put here th efigure again), is equal to 510°. Then, when have to add the final 

turn to this number. For instance, for the case of slide 7 we have 510 + 45 = 555°. 



 

  

Writing a code to calculate the number of iterations 

The Least Common Multiple (LCM) and the Greatest Common Divisor (GCD) can be calculated in 

many ways. We have just chosen the most handy in this circumstance. Details about these 

algorithms are out of topic here. It' s sufficient to know that LCM can be calculated directly whereas 

GCD requires a successive approximation method. Actually, you'll find this complexity in the fact 

that the GCD we are going to use is a recursive procedure. On the other side LCM is direct but 

requires the knowledge of GCD. Thus, in the code you will find first GCD, then LCM and finally 

the main procedure. This one can be called in the following way: 

PRINT NITER FINAL_TURN 

or 

N = NITER FINAL_TURN 

where FINAL_TURN is Marta's final turn, after having drawn a single house. 

There is something new here, as far as the use of LibreLogo commands is concerned. Let's focus on 

the following construct: N = NITER FINAL_TURN. NITER is the procedure 

name, FINAL_TURN is the argument needed by the procedure. But what does it mean to write N = 



NITER...? Here we are using another possible features of procedures, which is to give back some 

numerical result, in this case the number of iterations. This effect can be achieved, inserting at the 

end of the procedure, something like OUTPUT N, where N was calculated in some way in the 

preceding instructions in NITER. Let's see the code in next slide. 

  

A LibreLogo code to get the solution 

TO GCD A B 

GLOBAL R 

IF B = 0 [ R=A STOP ][ C=A%B GCD B C ] 

END 

  

TO LCM A B 

GLOBAL R, L 

GCD A B 

L = A*B/R 

END 

  

TO NITER FINAL_TURN 

T = 90+90+90+90+30+120+30+FINAL_TURN 

LCM 360 T 

N = L/T 

OUTPUT N 

END 

  

PRINT NITER 30 

  

Calculating the total turn in the previous code 

In the NITER procedure we calculated the total turn T as follows: 

T = 90+90+90+90+30+120+30+FINAL_TURN 

The terms of the sum 90+90+90+90+30+120 are the successive deviations required to build the 

house (see figure). The last 30 term is because we used the convention of using the final devition 

espresse with respect to the vertical, so that we can calculate directly the values of Marta's table 



(slide 9). If you prefer to use the final deviation value, this is simply given by FINAL_TURN + 

30 - you can change easily the code. 

  

Recapping 

Those who feel unease with math may find the second part of this lesson somewhat weird. Let's try 

to resume the basic points. 

  

1. First, we reported Marta's exploration which led her to formulate a significant conjecture. 

2. We sketched an heuristic solution. 

3. Then a numerical one. 

4. We define what a POLY object is, that is a specific kind of procedure. 

5. The closed path theorem gave us the general framework within which we could seek the 

answer to Marta's conjecture. 

6. The simple closed path theorem was a particular case useful for non crossing paths. 

7. The POLY closing theorem allowed us to apply the closed path theorem to figures generated 

by POLY. 

8. The looping lemma allowed us to recognize the relationship between Marta's figures and 

POLY objects, which led us to the solution formula. 

 

 



 

More fancy commands 
Predefined colors 

In LibreLogo there are 24 predefined colors: 

 

  

Using predefined colors 



If you want to draw with a colored pencil you can use one of the previous names like that: 

PENCOLOR “RED” 

FORWARD 100 

Or if you want to fill a figure with a certain color: 

FILLCOLOR “GREEN” 

REPEAT 3 [ FORWARD 100 RIGHT 120 ] 

FILL 

 

More colors 

Actually the available colours are many more. They can be expressed through the so called RGB 

code, that stands for Red, Green, Blue. In computer graphics colours can be expressed as a 

combination of three main colours, which are precisely red, green and blue. All the others may be 

expressed by mixing and dosing properly these three basic colours. In order to do that, the intensity 

of every colour is expressed with a number that goes from 0 to 255 and they are mixed by writing 

for instance [255,0,0] for red, [0,255,0] for green or [0,0,255] for blue. All the other colours are 

obtained by varying the parameters inside the square brackets. With [0, 0, 0] one obtains black and 

with [255, 255, 255] white. This code is used in any of the commands that allow to specify the 

colour. For example 

PENCOLOR [45, 88, 200] 

FILLCOLOR [255, 200, 100] 

Just play for a while with these numbers and see which colours come out. 

  

Transparent colour 

Let's come back to the predefined colours for a while, there is an oddity: there are two elements 

with different name but the colour seems the same. Found them? They actually differ, but because 

of a fourth attribute, which is transparency. Let’s see while playing along. For the sake of this 

explanation, we'll anticipate a new command. In the previous examples we already drew a square, 

using the instructions FORWARD and RIGHT, conveniently combined. In reality, in order to draw 

the main geometric shapes, in Logo there are also pre-established instructions, that may help us 

write the code synthetically. The square is one of these. Let's make a 50mm side square: 

SQUARE(50mm) 



This way the turtle draws a square, then places itself in the centre with its head upward. By the way, 

we didn't choose the colour, but it came out "automatically", by default. 

 

  

Opaque colours 

Let’s use this instruction, first to draw a square that we’ll colour red, then we’ll move a bit right 

down, to draw a second square, making it overlap a little to the previous one, then we’ll colour it 

white. 

CLEARSCREEN 

HOME 

FILLCOLOR [255, 0, 0] ; this is red, equivalent to FILLCOLOR["red"] 

SQUARE(50mm) 

FORWARD -25mm 

RIGHT 90 

FORWARD 25mm 

FILLCOLOR [255, 255, 255] ; this is white (opaque), equivalent to FILLCOLOR["white"] 

SQUARE(50mm) 

 

Transparent colors 

Good, now the white square overlapped to the red one. A foreseeable result: the colours overlap 

because they are opaque. A painter would say that they "cover". Actually, with RGB codes in Logo 

you can assign a fourth parameter: the "transparency", that you may want to give to a certain colour. 

With a value 0 you give complete opacity, whilst the value 255 makes it completely transparent. 

With values between 0 and 255 you can obtain different levels of transparency. So, let's try and 

make the white square transparent, adding the fourth parameter equal to 255: 



FILLCOLOR [255, 0, 0] ; this is red, equivalent to FILLCOLOR["red"] 

SQUARE(50mm) 

FORWARD -25mm 

RIGHT 90 

FORWARD 25mm 

FILLCOLOR [255, 255, 255, 255] ; this is white (transparent), equivalent 

to FILLCOLOR["invisible"] 

SQUARE(50mm) 

Try with FILLCOLOR [255, 255, 255, 125] to see what happens... 

 

  

Invisible colour 

The white square has become transparent. If, instead of FILLCOLOR [255, 255, 255, 255] we 

would have used FILLCOLOR "invisible ", then we would have obtained the same result. That's 

the difference between "white" and "invisible", in the colour table we saw at the beginning. 

  

One last remark. Looking closely, you can see that in these pictures our turtle have different colours. 

In fact, the turtle is coloured with the same colour we selected to fill the last picture, maybe with a 

different transparency. After drawing the square light green, the turtle came out a shade darker. 

After the white square, it came out light grey and after the invisible colour it came out dark grey. 

This behaviour does not affect the results we want to obtain because, should we want to use the 

graphics we are producing in any possible way, in the end we'll just need to add the 

instruction HIDETURTLE. 

  

There are many more effects that can be applied to colours, such various kind of gradients. For 

instance have a look to the options of the FILLCOLORAND FILLTRANSPARENCY commands 

in the LibreLogo commands manual. 

  

Square and circle (the off-the-shelf way) 

Now we are going to see more kind of off-the-shelf commands to do Logo graphics. 

https://help.libreoffice.org/Writer/LibreLogo_Toolbar


  

Please remember: they may be convenient if you are using LibreLogo as a graphics tool, which is 

perfectly right. However, if you are thinking to use it in your k1-5 classroom (and even later) 

concentrate on what we showed in lesson 5. 

  

That said, the commands to draw squares and circles are such simple as that: 

SQUARE 100 

CIRCLE 100 

By the way, in the mood of "building you own blocks" you could build your own SQUARE and 

CIRCLE commands (we still need the concept of "variable" but we are going to discover it soon) 

but you have to avoid these predefined name. Thus, in general, always check in the manual for the 

existence of a standard command with a name, before using it for your procedures. 

 

Try something by yourself 

In the previous slide we have seen how drawing two pictures in sequence has the effect of 

overlapping them and making the symmetry centre coincide, and how the turtle always repositions 

itself on that centre. It’s also evident how the argument (by "argument" it is intended the value that a 

command requires to be operated. There can be more than one argument - we'll see some examples) 

of command SQUARE represents the square's side and the argument of 

command CIRCLE represents the circle's diameter that we want to build. 

  

Try and practise with the commands SQUARE and CIRCLE, for instance by building this 

locomotive. You may practise to respect the given proportions, like those in the example, where the 

side of the bigger square is two or three times bigger than the smaller squares and the circles' 

diameter is the same length of the side of the smallest square. You'll find a ("a", not "the"...!) 

solution on the next slide, but first try to work it out on your own. 

  



 

  

  

  

  

  

  

  

  

  

  

A solution for the locomotive 

One important thing to understand with the code is that the same goal can be achieved in many 

different ways. There's no absolute criterion to establish the best procedure. Therefore there is no 

"right answer". One procedure may be better than another on a certain point of view: clarity of the 

written code, fastness of execution, total memory used from the code, management of possible 

resources etc. It can happen that a very good code under one of these terms may result a very bad 

one on another. 

FILLCOLOR “red” 

SQUARE 60 

PENUP BACK 15 RIGHT 90 

FORWARD 45 

LEFT 90 PENDOWN 

SQUARE 30 

PENUP FORWARD 25 PENDOWN 

FILLCOLOR “BLACK” 

SQUARE 20 

PENUP BACK 40 PENDOWN 

CIRCLE 20 

PENUP LEFT 90 FORWARD 60 PENDOWN 



CIRCLE 20 

HIDETURTLE 

  

The rectangle 

The square and the circle need just one parameter to be executed. Instead, the rectangle and ellipse 

need two parameters. For the rectangle, the two parameters are the length of the long side and the 

short side. The instruction to build the rectangle is the following: 

RECTANGLE [60,40] 

This command produces a rectangle 60 points large and another of 40. In comparison to the square 

and the circle's cases, this command has another peculiarity: in this case, in order to give the two 

needed parameters, we resorted to the writing [60,40]. This is a "list" of values. It's a way of 

considering a bunch of values as a whole, a list in fact, and the way to obtain this result is to list the 

values, split them with commas and close them between square brackets. The lists may be useful in 

various circumstances, not only in this case, but we'll see how later. Try to make a figure like this 

one. 

 

  

  

  

  

  

  

A solution for the series of rectangles 

RECTANGLE [40mm, 20mm] 

PENUP FORWARD 2,5mm LEFT 90 

FORWARD 2,5mm RIGHT 90 PENDOWN 

RECTANGLE [35mm, 15mm] 

PENUP FORWARD 2,5mm LEFT 90 

FORWARD 2,5mm RIGHT 90 PENDOWN 

RECTANGLE [30mm, 10mm] 

PENUP FORWARD 2,5mm LEFT 90 

FORWARD 2,5mm RIGHT 90 PENDOWN 

RECTANGLE [25mm, 5mm] 

HIDETURTLE 



  

The ellipse 

Another picture that can come in handy is the ellipse. In LibreLogo the ellipse is drawn with the 

command 

ELLIPSE[60, 40] 

Obviously the ellipse does not have a fixed diameter, like the circle. For this reason, to be defined it 

requires two parameters: the two axis, bigger and smaller. In the example the ellipse has the major 

axis equal to 60 points and the minor equal to 40 points. It's possible to combine various forms and 

adjust their parameters to obtain a variety of effects. For instance, a circle inscribed in a square can 

be obtained also by starting from the instructions to draw rectangles and ellipses: 

RECTANGLE [60, 40] 

ELLIPSE [60, 40] 

 

Try to draw a figure like this one. 

 

  

  

  

  

  

  

  

  



  

  

  

A solution for the ellipses 

ELLIPSE [120, 80] 

PENUP FORWARD 10 

PENDOWN 

ELLIPSE [90, 60] 

PENUP FORWARD 10 

PENDOWN 

ELLIPSE [60, 40] 

PENUP FORWARD 10 

PENDOWN 

ELLIPSE [30, 20] 

PENUP FORWARD 10 

PENDOWN 

  

Parameters for rectangles 

The RECTANGLE and ELLIPSE commands accept some additional parameters. For instance you 

can produce rectangles with rounded vertixes., by means of a third parameter, beyond the mesaures 

of the two sides. For instance... 

FILLCOLOR “invisible” 

PENCOLOR “green” 

RECTANGLE [200, 150, 0] 

PENCOLOR “black” 

RECTANGLE [200, 150, 10] 

RECTANGLE [200, 150, 20] 

RECTANGLE [200, 150, 30] 

RECTANGLE [200, 150, 40] 

RECTANGLE [200, 150, 50] 

RECTANGLE [200, 150, 60] 

RECTANGLE [200, 150, 70] 

RECTANGLE [200, 150, 80] 

RECTANGLE [200, 150, 90] 

RECTANGLE [200, 150, 100] 

PENCOLOR “red” 

ELLIPSE [200,150] 



 

This way we worked out how to control rounded rectangles. We also realized that, playing with the 

third parameter, we can go from the extreme case of a normal rectangle to the real ellipse. 

  

Parameters for ellipses 

Let's see now the parameters for the ELLIPSE command. 

The additional parameters are three and they all serve to draw just a part of the ellipse. The first two 

represent the initial and final angle limiting a sector, expressed in degrees. In the example, having 

chosen 0 and 90 we established to draw the first quadrant of the ellipse. The fourth parameter 

determines whether to draw one sector of the ellipse (1), one segment of the ellipse (2) or just an 

arch (3). 

 

The page space 

In order to understand how the page space is organized in LibreLogo, it is convenient to think in 

terms of Cartesian geometry. But at any rate, since we are dealing with a turtle, we need a couple of 

coordinates for the position and an angle for the direction. To understand how these references 

work, let's introduce and use two new instructions at once: POSITION and HEADING. Moreover, 

the instruction PRINT is helpful to know the current value of the position and of the direction. 

These two commands, POSITIONand HEADING, can be used with and without parameters. 

When they are used without parameters, they provide the current values. In fact, if I open a new 

document in Writer and execute the command PRINT POSITION, you get the following in a 

messagebox: [297.4393700787401, 420.71811023622047] or, using a reasonable amount of 



digits, [297.4, 420.7]. These are coordinate of the turtle when it places itself in themiddle of the 

page following a HOME command. 

In order to know the dimensions of the page space there is the PAGESIZEcommand, with PRINT 

PAGESIZE we get [595.303937007874, 841.8897637795275], that is [595.3, 841.8]. These 

numbers represent the dimensions of an A4 sheet expressed in "points" at the density of 72 

DPI: 595.3 / 72 x 25.4 = 210 mm and 841.8 / 72 x 25.4 = 297 mm, since 1 Inch = 25.4 mm. 

 

Page space table 

Every time we want to use absolute positions we can refer to this scheme that gives us the 

orientation of the referral system on the sheet and its dimensions. In the next chart we can see the 

equivalent numeric values: 

  

[0, 0] [0, 0] 

[PAGESIZE[0], 0] [596, 0] 

[0, PAGESIZE[1]] [0, 842] 



[PAGESIZE[0], PAGESIZE[1]] [596, 842] 

  

PAGESIZE is a variable treated as a constant inside LibreLogo because it contains the dimensions 

of the page. Besides it's that particular kind of variable that is called vector, because it's composed 

by more elements, precisely two, the two dimensions of the page: PAGESIZE[0] is the width 

and PAGESIZE[1] the length. 

Now, how can we send the turtle to a given position? Suppose that we want to sent the turtle from 

its home position to coordinates [350,320]. The command is POSITION [350,320]... (the scale of 

the page size is not respected in the figure) 

 

  

HEADING 

As can we use the command POSITION to control the position, likewise we can use the 

command HEADING to control the direction where the turtle is heading. With HEADING, 

without any parameter, we obtain the current position. 

By using another parameter, for instance HEADING [30], we make the turtle rotate by 30° . 



When we open a new document, or after the instruction HOME, the turtle points always towards 

the upper side of the sheet, and this direction corresponds to 0°. 

 

PENWIDTH 

  

 

  

PENJOINT (joining of segments) 

Let’s draw a triangle, for example, in the following way: 



PENWIDTH 5 

FORWARD 40 RIGHT 120 

FORWARD 40 RIGHT 120 

FORWARD 40 RIGHT 120 

HIDETURTLE 

We can alter the vertexes overlay by giving the instruction PENJOINT and an appropriate 

argument. 

 

  

PENCAP (end of segments) 

 

  

PENSTYLE (dashing of segments) 

  



 

Dashing of penstyle 

It’s also possible to determine the dashing. 

These are the rules: 

• Parameter 1: number of points 

• Parameter 2: length of points 

• Parameter 3: number of traits 

• Parameter 4: length of traits 

• Parameter 5: length of spaces 

• Parameter 6: optional, if it’s worth 2 then the rectangles are forced to squares 

The example in figure is obtained with PENSTYLE [3, 1mm, 2, 4mm, 1mm] 

 

FILLSTYLE (cross-hatching) 

 

FILLSTYLE parameters 

FILLSTYLE 0 ; fill without hatches (default) 

FILLSTYLE 1 ; black single hatches (horizontal) 

FILLSTYLE 2 ; black single hatches (45 degrees) 

FILLSTYLE 3 ; black single hatches (-45 degrees) 

FILLSTYLE 4 ; black single hatches (vertical) 

FILLSTYLE 5 ; red crossed hatches (45 degrees) 

FILLSTYLE 6 ; red crossed hatches (0 degrees) 

FILLSTYLE 7 ; blue crossed hatches (45 degrees) 

FILLSTYLE 8 ; blue crossed hatches (0 degrees) 



FILLSTYLE 9 ; blue triple crossed 

FILLSTYLE 10 ; black wide single hatches (45 degrees) 

Custom hatches can be specified by a list with the following arguments: 

style (1 = single, 2 = double, 3 = triple hatching) 

color 

distance 

degree 

FILLSTYLE [2, “green”, 3pt, 15°] ; green crossed hatches (15 degrees) 

 

 

 



 

Recursion, growth and fractals 
The magic of two mirrors... or of a screencasting software 

 

  

From mirrors and screencasting to software 

Everyone knows how two opposing mirrors generate an amazing fugue of images . Mirror number 1 

can do only one thing: reproduce the scene in front of it. Even mirror number 2 can do only the 

same thing, but in doing so it also reproduces mirror number 1, including the scene it contains, 

which in turn reproduces the scene in mirror number 2 and so on, ad libitum. The same effect can be 

seen in a screencasting software reproducing the screen in its window, but here you see another 

smaller version of the screen with the window inside, and so on. It is a phenomenon that strikes 

because it allows us to peek into the infinite, normally inaccessible to human experience. That is the 

recursion. 

It is very easy to create a recursive scheme through software: 

1 TO RECURSION 

2 RECURSION 

3 END 



 

4 RECURSION 

What's going on here? Remember: with the TO...END construct you define e procedure 

(instructions 1-3) and and then you use it (4). 

Try to figure out... 

Hands on 

In this code fragment the Turtle is executing just one command: RECURSION. Since there is no 

such command in Logo, it has been necessary to define it with a procedure, but here nothing 

happen, except for calling the command RECURSION itself. It happens as in mirrors: when the 

command RECURSION is executed what happen is that RECURSION is called again and so on. 

Actually, if you try to write this code in LibreOffice and you run it nothing will happen except, after 

a while, a message box will appear telling you "Program terminated: maximum recursion depth 

(1000) exceeded." This is a kind of safety measure, because recursive programs may stuck the 

computer if a stopping criterium is not provided. Every time a procedure is called the system will 

allocate some memory needed for its activities. If you let the machine go on with this process, an 

infinite quantity of memory will be claimed, which is not the case of your computer, of course. 

Let's make this silly program a little bit more interesting. 

TO RECURSION D 

CIRCLE D 

RECURSION D+1 

END 

 

RECURSION 1 

This is more fun, try it: you should get an inflating balloon. 

  

Trying to follow the recursion process 

In this version we have provided the RECURSION procedure with an argument, D, then we have 

added just one more instruction, CIRCLE D, and we have changed the recursive call as follows: 

RECURSION D+1. Then the turtle is asked to start with RECURSION. Thus, first time 

RECURSION is called the following actions take place... 

 

Inside RECURSION: 

• the value 1 is given to the variable D 

• a circle of diameter 1 is drawn 

• RECURSION is called again but with argument D+1, i.e. 2, causing, in turn, the following... 

Inside RECURSION inside RECURSION: 

• the value 2 is given to the variable D 

• a circle of diameter 2 is drawn 



• RECURSION is called again but with argument D+1, i.e. 3, causing, in turn, the following... 

Inside RECURSION inside RECURSION inside RECURSION: 

• the value 3 is given to the variable 

• a circle of diameter 3 is drawn 

• RECURSION is called again but with argument D+1, i.e. 4, causing, in turn, the following... 

And so on... 

  

Another example 

Try guessing what's doing this program, then try to run it 

TO RECURSION D C 

IF D + C > 70 [ C = -1 ] 

IF D + C < 50 [ C = 1 ] 

CIRCLE D + C 

RECURSION D+C C 

END 

 

RECURSION 50 1 

  

And another one 

And now try to figure out what's going on here, before trying to run it... 

TO RECURSION N 

LABEL N 

PENUP FORWARD 10 PENDOWN 

IF N > 20 [ STOP ] 

RECURSION N+1 

END 

 

RECURSION 1 

  

Recursion and repetition 

Some reader may wonder what's different between recursion and repetition. In fact, the examples 

we have seen can also be done with a REPEAT - the reader can do this as an exercise. 

In turn, the effect of a repetition cycle can also be achieved by recursion, by placing the operations 

to be performed in a procedure and inserting the recursive call as the last instruction. 

But who is stopping us from making the recursive call in other parts of the procedure, or even 

making more than one? That's where things get interesting... 



TO TREE LL 

IF LL < 2 [ STOP ] 

FORWARD LL LEFT 50 

TREE LL/2 

RIGHT 100 

TREE LL/2 

LEFT 50 BACK LL 

END 

TREE 200 

 

We are getting into the amazing world of fractals... 

  

The previous code produces a fractal tree (tree-simple.odt) 

 

  

Digging into TREE procedure 

1 TO TREE LL 

2 IF LL < 2 [ STOP ] 

3 FORWARD LL LEFT 50 

4 TREE LL/2 

5 RIGHT 100 

6 TREE LL/2 

7 LEFT 50 BACK LL 

8 END 

10 TREE 200 

The TREE procedure is recursive because it calls itself, twice. The fact that the calls are two is 

related to the recurring bifurcated structures that represents the "basic idea" of this tree. To tell the 

truth, there are nothing else than bifurcations in this tree, which is simply made of bifurcations, the 

unique differentiation being the spatial scale. Let's go into some details. The procedure is called first 



in instruction #10: TREE 200. Therefore, when TREE is entered, the value of LL is checked if it is 

less than 2 (Instr. #2). Since this time it's value is 200, execution goes ahead. With instruction #3 the 

turtle goes forward by LL=200 points and turns left by 50°, thus drawing the trunk and turning itself 

left. Then, instead of keeping drawing something it calls TREE (#4), but passing it a value of LL/2. 

Let us refrain from diving into this TREE call and assume to have it done. In #5 the turtle turns 

right by 100°, in #6 calls TREE LL/2 again, then in #7 turns left by 50° and comes back along the 

last branch. Let's see an animation in next slide. 

  

Demonstration of the fractal tree growth 

  

 

  

A team of turtles for explaining the recursion process 

But what's going on in the successive "inner" TREE calls? In order to grasp the process it may be 

convenient to think not to a single turtle but to a whole team of turtles, each one taking care of s 

specific recursion level. We are distinguishing turtles working at different level of recursion by 

colour. At the first level we have the brown turtle, who is drawing the trunk. At the second one we 

have the red one who is called two times, for the two successive first, larger, branches. Then at the 

third one we have the violet turtle who is called four times fot the next set of smaller brances, and 

so on... 



 

  

Getting more natural... 

Admittedly, we got a sort of sticky tree and a little bit too symmetrical. How to get a more natural 

version? There are many possibilities. First, we can try to differentiate between left and right 

branches, to make things more asymmetrical. A clean way to implement this idea is to have separate 

left and right procedures that produces stems of different lengths. 

The following example is taken from Turtle Geometry, by Harold Abelson and Andrea diSessa 

(MIT 1986, p. 84). The example reproduces exactly the drawing reported in the cover of their book. 

 

  

More natural trees 

TO LBRANCH LENGTH ANGLE LEVEL 

FORWARD LENGTH*2 

NODE LENGTH ANGLE LEVEL 



BACK LENGTH*2 

END 

TO RBRANCH LENGTH ANGLE LEVEL 

FORWARD LENGTH 

NODE LENGTH ANGLE LEVEL 

BACK LENGTH 

END 

TO NODE LENGTH ANGLE LEVEL 

IF LEVEL=0 [ STOP ] 

LEFT ANGLE 

LBRANCH LENGTH ANGLE LEVEL-1 

RIGHT ANGLE*2 

RBRANCH LENGTH ANGLE LEVEL-1 

LEFT ANGLE 

END 

LBRANCH 20 20 7 

  

A more natural tree 

 

  



L-systems for growth processes description 

As we said about the first simple example, in slide 10, there were nothing else than bifurcations in 

that tree. There exists a more formal way of describing the basic idea underlining such growth 

processes. The formalism is that of L-systems, which is a language for modeling growth developed 

by Aristid LindenMayer in 1968 for describing development of plants on the cellular level. Late he 

extend the interpretation of L-systems to represent entire plant parts (Development models of 

herbaceous plants for computer imagery purposes Prusinkiewicz, P.; Lindenmayer, A. ; Hanan, J. 

Computer Graphics, 1988, Vol.22 (4), p.141-291.). L-systems can be interpreted in terms of turtle 

graphics for their graphic representation (Heinz-Otto Peitgen, Hartmut Jürgens, Dietmar Saupe, 

Chaos and Fractals - New Frontiers of Science, Springer Verlag, New York, 1992, p. 376). 

 

  

Code examples - ODT files to be run with LibreLogo in LibreOffice 

Here you can download the complete codes of all the exmaples we are going to discuss. They are 

ODT files, you can open them in LibreOffice and run them with LibreLogo immediately. It is a 

good idea to do so while you are reading the following explanations. 

• tree-simple.odt - Simplest possible version of sticky tree, similar to that from "Turtle 

Geometry" Abelson & diSessa, p.83. This code is appropriate for diving first in recursive 

process 

 

• tree-simple-L-system.odt - Simplest sticky tree - "Turtle Geometry", Abelson & diSessa, 

p.83My variant in L-system language - Axiom: B - Production rules: F → FF, B → F[-B]+B 

 



• tree-abelson-diSessa.odt - Differentiated left and right branches tree, from "Turtle 

Geometry", H. Abelson and A. diSessa, MIT press, 1986, p.84, 85 

 

• tree-abelson-diSessa-L-system.odt - Differentiated left and right branches tree, from "Turtle 

Geometry", H. Abelson and A. diSessa, MIT press, 1986, p.84, 85My version in L-system 

language - Axiom: B, Production rules: B → F[+FB]-B 

 

• weed.odt - Fractal: weed, from "Chaos and Fractals", Peitgen et al, Springer Verlag, 1992, p. 

398 - Axiom: F, Production rule: F → F[+F]F[-F]F 

 

• weed-2.odt - Fractal: another weed, from "Chaos and Fractals", Peitgen et al, Springer 

Verlag, 1992, p. 398 - Axiom: B, F → F, FB → F[+B]F[-B]+B 

 

• bush.odt - Fractal: bush, from "Chaos and Fractals", Peitgen et al, Springer Verlag, 1992, p. 

398 - Axiom: F, Production rule: F → FF+[+F-F-F]-[-F+F+F] 

 

  

L-system symbols 

Here you have a table of some L-system symbols... 

L-system 

symbol 
Instruction for the turtle 

F 
move forward by a certain fixed step length l and draw a line from the old to the 

new position 

f move forward as above for F but do not draw the line 

+ turn left by a fixed angle 

- turn right by the same angle 

[ branch point: branch begins... 

] ... branch closing 

B do nothing branch 

Let's look at a simple example... 

  

Growing classical fractals as L-systems: Koch curve 

The figure shows the first three stages of the Koch fractal's growth. The rule is very simple: we start 

with an horizontal segment of length F. Then this is substituted with the pattern shown in the figure 

at stage 1. At stage 2, each of the smaller segments are substituted with the same pattern, but scaled 

by a factor of 1/3. This example explains very clearly the self similarity nature of a fractal, based on 



the repetition of a basic geometrical shape reduced by a scale factor at any iteration. L-systems 

describe this process as a growth, by means of an axiom and a set of production rules to go from 

stage to the next. In the case of the Koch curve we have: 

Axiom: F 

Production rules: 

• F -> F + F - - F + F (1 step F, turn left, 1 step F, turn right 2 times, 1 step F, turn left, 1 

step F) 

• + -> + (left turns remain where they are) 

• - > - (right turns remain where they are) 

A + or - are left or right turns by an angle of 60° 

 

  

Recoding the first simple tree in L-system language perspective (tree-simple-L-system.odt) 

  



 

  

Comments on previous code 

Previous slide shows what's strictly needed to understand the L-system implementation. Procedures 

SETGL for setting state variables, SAVESTATE for saving the turtle state and RESTORESTATE for 

restoring it can be read in the codes you can download from one of next slides and run them in your 

computer. 

In the upper part there are the axiom and the production rules. Axiom is B, which is a branching "do 

nothing instruction". You can verify this if you try to run the code with iteration ITER=1: nothing 

visible will happen. To have B as axiom mean that we start with nothing. There are two production 

rules. The first one, F -> FF, means that the space covered by an F step, at the next stage will be 

covered by two F steps, therefore the F step lenght is halfed at each new stage. The second one, B 

-> F[-B]+B, can be recognized within WEED procedure code, if we are associating the calls WEED 

F/2 DELTA ITER to B and FORWARD F to F. Furthermore, RIGHT DELTA is represented by "-" 

symbol and LEFT DELTA BY "+". Left square bracket corresponds to the save current state 

command, before branching, and right square bracket to restoring of state at the end of branching. 

Some reflection is needed to focus this code but then, L-system language can be used for generating 

a vast range of possible growth simulations. 

Next we are going to see the L-system version of the "more natural tree" we have seen in slides 14 

and 15, then two examples of weed plants and a bush. 

  



L-system version of the more natural tree (tree-abelson-diSessa-L-system.odt) 

 

  

Fractal growth of a weed plant 



 

Fractal growth of another weed plant 



 

  

Fractal growth of a bush 

 



  

Another way to get natural 

So far we have sought creating natural-looking shapes working on fractal growth patterns. We have 

another possibility however, which is using random number generators, as we did letting the turtle 

playing the turtle. Let's get our first simplest sticky tree: 

 

TO TREE LL 

A = RANDOM 50 

IF LL < 5 [ STOP ] 

FORWARD LL 

LEFT A 

TREE LL*3/5 

RIGHT A*2 

TREE LL*3/5 

LEFT A 

BACK LL 

END 

 

TREE 50 

The unique difference, with respect to the original  is in the choice of the turning angle A, which 

here is a random number between 0° and 49°. 

  

Trees with random angles 

 

  

More randomness 

Here we add the random choice of th forward step, adding a random number comprised between -5 

and 5 to the regular step length - in this example 50 at the first iteration. 

 

TO TREE LL 

A = RANDOM 50  

L = LL – 5 + RANDOM 10 



IF L < 5 [ STOP ] 

FORWARD L 

LEFT A 

TREE L*3/5 

RIGHT A*2 

TREE L*3/5 

LEFT A 

BACK L 

END 

 

TREE 50 

  

Trees with random bifurcation angles and branches 

 

  

Recapping 

The previous lesson was about simulating animal behaviour. This last lesson was about simulating 

natural plants shapes. however, we have just scratched the surface of the simulation world. Our aim 

was to show how easy it is to build simple but significant simulation experiments with a free tool 

such as LibreLogo, and how instructive it could be trying modeling natural phenomena. Possible 

further insights are countless. The next one, starting form the investigations proposed in this paper, 

could be about mixing L-system modeling and randomness to produce even more realistic shapes. 

In a successive lesson we will come back on simulation of natural phenomena when talking about 

some physical mechanical problems. 

 

 



 

Starting to go 'round and 'round... to the Halley comet 
The vertical dimension of Logo 

In this lesson we are going to connect a pretty low floor with a rather high ceiling. We'll start with 

activities suited to 7-8 years kids, ending up dealing with the integration of Newton's differential 

equations and calculating orbits of celestial bodies. Apparently very different contexts, we'll try to 

show how they share the same basic mathematical perspective. 

Seymour Papert explained effectively how it can happen that working Logo kids are exposed to 

powerful mathematical ideas. We invite the reader to read very carefully the next three slides. 

  

Play turtle 

The goal of children's first experiences in the Turtle learning environment is not to learn formal 

rules but to develop insights into the way they move about in space. These insights are described in 

TURTLE TALK and thereby become “programs” or “procedures” or “differential equations” for 

the Turtle. 

Let's look closely at how a child, who has already learned to move the Turtle in straight lines to 

draw squares, triangles, and rectangles, might learn how to program it to draw a circle. 

Let us imagine, then, as I have seen a hundreds times, a child who demands: How can I make the 

Turtle draw a circle? The instructor in a LOGO environment does not provide answers to such 

questions but rather introduces the child to a method for solving not only this problem but a large 

class of others as well. 

This method is summed up in the phrase “play Turtle”. The child is encouraged to move his or her 

body as the Turtle on the screen must move in order to make the desired pattern. 

  

TO MYCIRCLE REPEAT [ FORWARD 1 RIGHT 1 ] END 

For the child who wanted to make a circle, moving in a circle might lead to a description such as: 

“When you walk in a circle you take a little step forward and you turn a little. And you keep doing 

it”. From this description it is only a small step to a formal Turtle program. 

  

TO MYCIRCLE REPEAT [ FORWARD 1 RIGHT 1 ] END 

  



Another child, perhaps less experienced in simple programming and in the heuristics of “playing 

Turtle”, might need help. But the help would not consist primarily of teaching the child how to 

program the Turtle circle, but rather of teaching the child a method, a heuristic procedure. This 

method (which includes the advice summed up as “play Turtle) tries to establish a firm connection 

between personal activity and the creation of formal knowledge. 

  

Syntonic learning 

The Turtle circle incident illustrates syntonic learning. This term is borrowed from clinical 

psychology and can be contrasted to the dissociated learning already discussed. Sometimes the 

term is used with qualifiers that refer to kinds of syntonicity. 

For example, the Turtle circle is body syntonic in that the circle is firmly related to children's sense 

and knowledge about their own bodies. Or it is ego-syntonic in that it is coherent with children’s 

sense of themselves as people with intentions, goals, desires, likes, and dislikes. 

A child who draws a Turtle circle wants to draw the circle; doing it produces pride and excitement. 

Turtle geometry is learnable because it is syntonic. And it is an aid to learning other things because 

it encourages the conscious, deliberate use of problem-solving and mathetic strategies. 

  

Now let's go to a teacher story 

Now, let's sketch the story told by Antonella, an experienced primary teacher who wanted to exploit 

Papert's syntonic learning concept with her kids. 

Before going to the computer for drawing a square I "used" their body: I asked them to walk and 

describe a square, trying to imagine precise instructions: step and turn, step and turn... to the 

starting point. 

We are not precise yet, let us try again. 

I gave each child a small doll and asked her to walk on the edge of a tile, at the same time 

introducing the commands names, FORWARD for a step and so on. 



 

  

Looking for something round on the floor 

 

  

Try body-drawing a circle... 



 

  

Reflecting... 



 

  

Which turtle commands...? 

Discussing at the computer: 

... 

"You need to change the numbers" 

"We have to go in the curve" 

"We must coninue to make right" 

"If we go always right, we get a tiny point" 

... 

Then the insight: 

"We must make forward 1 right 1! 

"Let's try" I suggest 

"It has to be repeated many times..." 

  



From body learning to formal knowledge 

It is fascinating how these first experiences can lead us to reflect on the concept of circle without 

having a formal knowledge of it yet. 

However, doing so, we are working over a much more advanced concept than everything that 

children will see before maturity, namely the concept of differential calculus. 

Then, as soon as they come into possession of the formal notion of circumference, it will be 

possible to go back to Logo and resume the discussion through the synthetic way of producing a 

circle, by means of the instruction CIRCLE D, where D represents the diameter of the circle, 

reflecting on the definition as a place of points equidistant from a given point. 

  

From low floor to high ceiling 

Let's us ask Papert's help, again... 

The child in the turtle circle experience was not learning about the formalism of calculus, for 

example that the derivative of  is , but about it's use and its meaning. In fact the Turtle 

circle program leads to an alternative formalism for what is traditionally called a “differential 

equation” and is a powerful carrier of the ideas behind the differential. This is why it is possible to 

understand so many topics through the Turtle; the Turtle program is an intuitive analogue of the 

differential equation, a concept one finds in almost every example of traditionally applied 

mathematics. 

Differential calculus derives much of its power from the ability to describe growth by what is 

happening at the growing tip. This is what made it such a good instrument for Newton’s attempts to 

understand the motion of the planets. As the orbit is traced out, it is the local conditions at the place 

where the planet now finds itself that determine where it will go next. In our instructions to the 

Turtle, FORWARD 1, RIGHT 1, we referred only to the difference between where the Turtle is now 

and where it shall momentarily be. This is what makes the instructions differential. 

  

Comparing with Euclide's and Descarte's geometries 

There is no reference in these to any distant part of space outside of the path itself. The Turtle sees 

the circle as it goes along, from within, as it were, and is blind for anything far away from it. This 

property is so important that mathematicians have a special name for a it: Turtle geometry is 

“intrinsic”. The spirit of intrinsic differential geometry is seen by looking at several ways to think 

about the curve, say, the circle. 

  

For Euclid, the defining characteristic of a circle is the constant distance between points on the 

circle and the point, the centre, that is not itself part of the circle. In Descarte’s geometry, in this 

respect more likely Euclid’s than that of the Turtle, points are situated by the distance from 

something outside of them, that is to say the perpendicular coordinate axes. Lines and curves are 

defined by equations connecting these coordinates. So, for example, a circle is described as 



  

 

A differential geometry 

In Turtle geometry a circle is defined by the fact that the Turtle keeps repeating the act: FORWARD 

a little, turn RIGHT a little. This repetition means that the curve it draws will have constant 

curvature, where curvature means how much you turn for a given forward motion. 

Turtle geometry belongs to a family of geometries with properties not found in the Euclidean or 

Cartesian system. These are the differential geometries that have developed since Newton and have 

made possible much of modern physics. We have noted that the differential equation is the 

formalism through which physics has been able to describe the motion of a particle or a planet. 

[...] 

Turtle geometry has links both to the experience of a child and to the most powerful achievements in 

physics. For the laws of motion of the child, though less precise in form, share the mathematical 

structure of the differential equation with the laws of motion of planets turning about the sun and 

with those of moths turning about a candle flame. And the Turtle is nothing more or less than a 

reconstruction in intuitive computational form of the qualitative core of this mathematical structure. 

  

Programming language versus algebraic notation for physics 

The following considerations have been Inspired by reading the in-depth paper of Bruce Sherin: A 

comparison of programming languages and algebraic notation as expressive 

languages, International Journal of Computers for Mathematical Learning 6: 1–61, 2001. From the 

abstract: 

The purpose of the present work is to consider some of the implications of replacing, for the 

purposes of physics instruction, algebraic notation with a programming language. What is novel is 

that, more than previous work, I take seriously the possibility that a programming language can 

function as the principle representational system for physics instruction. This means treating 

programming as potentially having a similar status and performing a similar function to algebraic 

notation in physics learning. 

[...] 

A conclusion of this work is that algebra-physics can be characterized as a physics of balance and 

equilibrium, and programming-physics as a physics of processes and causation. More generally, 

this work provides a theoretical and empirical basis for understanding how the use of particular 

symbol systems affects students’ conceptualization. 

  

Free-falling body - algebraic notation 

Let's compare Bruce's concept of a physics of balance and equilibrium (algebraic notation) versus a 

physics of processes and causation (programming approach). With classic algebraic notation, the 

basic physics description starts with the second principle of dynamic, , which for a free-

https://www.sesp.northwestern.edu/docs/publications/32360017844ad839d4f74b.pdf
https://www.sesp.northwestern.edu/docs/publications/32360017844ad839d4f74b.pdf
https://www.sesp.northwestern.edu/docs/publications/32360017844ad839d4f74b.pdf


falling body next to earth surface is , where  is tha gravity acceleration constant directed 

toward the ground. The modulus of  is 9.8 m/s2. This is a differential equation sayng that, at each 

point of the falling path, the acceleration is constant and it is equal to g. Integrating it two times 

with respect to time, we get: 

 

where  is the position along the vertical,  is the body's initial position,  is its initial velocity 

and  is time. This is the problem solution, since this equation tells you where the body will be at 

any time. The point developed by Sherin is that students have difficulties in grasping the dynamicity 

of the phenomenon reading this equations, such as  or . The 

information is there, of course, but the capability to extract all the information they contain is not a 

trivial one and requires time. 

  

Free-falling body - programming language 

That of programming language is basically a simulation approach: you have to figure out what's 

going on to each variable at any time instant. First you have to know where the body finds itself at 

the beginning of the process and which is its velocity at that point, or if it is still. Then, the question 

is: given tha acceleration value, which will be the value of velocity after a small time interval? And 

which its new position, after the same time interval? As Papert pointed out, here we are at the core 

of the differential calculus, since we are focusing on the small changes in the system parameters 

(position and velocity) after a small time interval, given the forces (gravity) acting on the body. 

YPOS = 0.0 ; initial position 

VEL = 0.0 ; intitial velocity 

ACC = 9.8 ; constant acceleration 

DVEL = ACC ; increment ov velocity in one time interval 

 

REPEAT 10 [ ; loop over successive time intervals 

VEL = VEL + DVEL ; update velocity for next step 

YPOS = YPOS + VEL ; update position for next step 

... ; other instructions: show position and so on... 

] 

These are only the core instructions, see complete code and result on next slide. Other variations in 

successive slides. Codes to be run in ODT file can be downloaded here. 

  

Free-falling body - programming language - result 

https://www.federica.eu/CMS/cute-file-browser/details.php?f=../../users/50543/docs/logo-odt-files.zip&lessonId=5679&dir=docs


 

Free-falling body with constant acceleration and horizontal velocity component 

  



 

Free-falling body with constant acceleration and air resistance 

 

  



Body hanging from a string - oscillations with time 

 

  

Celestial body falling on earth from space 



 

  

Recapping for a while and preparing to go into space... 

We showed a progression where exercises have been progressively complicated around the free 

falling body, including different side effects or changing context. They could be used in a high 

school activity, letting students develop the programming as autonomously as possible. They could 

work in small groups, for instance facing by themselves problems such as: should we increment 

position or velocity first? In this way students may 

1. focus on the crucial role of the concept of initial conditions. 

2. have a clearer perception of the dynamic nature of the phenomenon 

3. be induced to focus on effective numerical values and their respective units of measurements 

of relevant parameters 

We invite the interested reader to download the workable examples, trying experimenting and 

further developing them. They can be downloaded as a single sip file: logo-odt-files.zip 

 

in the last example we dropped the assumption of constant acceleration putting the body far in the 

space. Now let's try to introduce an initial horizontal velocity component... 

  

After all, planets go round... 

Adding an initial horizontal velocity component in the last exercise lend us to the simulation of 

bodies orbits. Let us therefore sketch the problem in the context of Newton's gravity, first in 

algebraic notation and, of course, limiting us to the two-dimensional problem. 

http://twinspace.etwinning.net/files/collabspace/4/44/144/62144/files/ca11d21ed.zip


 

As far as the algebraic approach is concerned, here we just pose the problem. The analytic solution 

of the differential equations is a higher education level problem. However the algebraic approach 

serves as starting point for the programmed numerical solution. 

To solve the problem we have to start from the second principle of dynamics , where the 

force is given by Newton's law , is the gravitational constant,  is the mass of 

the largest of the two bodies,  the smaller one,  is the distance between the two masses, between 

the barycenters of the two bodies to be precise. Bold symbols are vectors, the others are scalars. 

First we have to derive the acceleration  , and then one should solve the differential 

equation . Of course, this goes beyond our aims here. However we are going to 

use this relation as a basis for the numerical approach. 

  

Preparing the numerical solution 

As we have seen in the previous exercizes, what we always need is the value of the acceleration at 

every point of the path. The few lines of code we are going to refer to are exctracted from the 

Halley-RK-4-AU-90-en.odt file you find in the downloadable collection in file logo-odt-files.zip. 

You'll find there explanation of variables as well. The previous acceleration expressions are 

translated in code as follow 

XACC = GG/R2 ∗ DX/R 

YACC = GG/R2 ∗ DY/R 

These acceleration values are used to get velocity increments 

XVEL = XVEL + XACC ∗ Dt 

YVEL = YVEL + YACC ∗ Dt 

and from these the respective position increments 

XPOS = XPOS + XVEL ∗ Dt 

YPOS = YPOS + YVEL ∗ Dt 

  

The same differential calculus context of previous kids circle 

The essence of code reported in Halley-RK-4-AU-90-en.odt is simple: 

4. start form a given point with a given velocity, then 

5. repeat until orbit is closed: 

• evaluate acceleration in current point 

• from this evaluate next velocity and position increments 

• move to next position 

The respective description of kids circle, REPEAT 360 [ FORWARD 1 RIGHT 1 ], is 

http://twinspace.etwinning.net/files/collabspace/4/44/144/62144/files/ca11d21ed.zip


6. start from a given point 

7. repeat until orbit is closed 

• move to next point by means of FORWARD 1 RIGHT 1 

Even if the evaluation of next position is somewhat complex in Newton's gravity context, whereas 

is trivial in kids circle case, the important point they share is that in both cases the process is local. 

That's the basic feature of differential calculus. And that is an example of a powerful mathematical 

idea embedded in early Logo activities. 

  

Initial conditions 

Last slide was the most important of this section, however we need to specify another important 

element of the Halley orbit code, that of initial conditions. 

Determining initial conditions is a crucial aspect of any physical problem. The typical mathematical 

framework of physical phenomena is that of differential equations and these, in order to be solved, 

need to establish which are the initial conditions. 

In our case, initial conditions can be stated using Kepler II law and ellipsis properties. The relevant 

equation here is 

 

where  is the initial velocity,  is the gravitation constant,  the sun mass,  is the aphelion 

and  the eccentricity of the orbit. in order to get the Halley orbit the  and  values found within 

astronomical data have been used. 

  

Orbit for various eccentricity values - 0.967 is Halley comet's value 



 

  

  

Recapping 

The span of this lesson was indeed challenging. We started with a kids game and we ended up with 

an exercise probably suitable for a physics course at the university. 

  

The aims were to show the potential of a (apparently) simple free software for educational 

programming and, at the same time, give a real and strong example of how foundational 

mathematical ideas can be offered very soon by means of a clever use of the Logo programming 

language. 

•  

 



 

The fear of math 
The fundamental motivation for the genesis of Logo lies in the still unresolved question of 

mathematical teaching. The Logo language was conceived by Papert precisely to try to solve this 

age-old problem for which he had also coined a precise name, Mathofobia, to describe the 

widespread antipathy towards this subject. Papert's interest in this issue has accompanied his entire 

working life, which extended along the second half of the 20th century. His contribution was 

exceptional, both in terms of theoretical elaboration from the pedagogical point of view, and of the 

creativity that led him to devise a language specifically to bring children closer to mathematics. His 

profound competence in both mathematical-informatics and pedagogy makes his work unique and 

explains his rare ability to propose concrete solutions. 

  

The feeling is that not much has changed, since the 1980s, at least on average; that the initial 

motivation, based on a serious and difficult revisitation of the way young people are introduced to 

math, has ended up diluted in the pot of "coding", sort of Disneyland, superficially exciting for 

some, object of derision for others; that Papert's message, in some ways extreme and provocative, 

certainly to be decoded with respect to a changed context, is largely mistaken; that everything is 

defeated by the failure of Logo, restricted to a minority of experimental circles, without having 

revolutionized anything, in contrast with Papert's legitimate expectations; that invoking the magic 

of mathematics to introduce young people to a domain commonly considered "cold", is a dream 

conceivable only by a mathematician, somewhat 'idealistic. In other words an utopia. 

  

Logo failed we said. It failed in Papert's initial intentions. It is not widespread in the schools and it 

is not adopted as a standard way to support math and science learning. But it did not fail in the 

sense of not having left a trace, quite the contrary. There are many versions of Logo around the 

world, some of which became important tools for educational investigation, for example in the field 

of simulation of complex biological systems. And it is always from Logo that the sprawling world 

of visual block languages took its cue, first and foremost Scratch. Logo and Scratch are not in 

opposition. In a way, Scratch derives from Logo and "contains" many of its functionalities. Many of 

the things you can do in Logo can also be done in Scratch. But Scratch is much more oriented to the 

building of "you own videogame" or to the storytelling. The problem, however, is that this wider 

range of possibilities, deployed in a context of poorly technological educated teachers, has ended up 

dispersing the original educational intentions of Logo. One of the intentions of this manual is to 

recover the original "mathematical flavor" of the coding practice at school. In the next section we 

are going to comment what Papert called "Mathophobia", a kind of illness that Logo was intended 

to fight. 



  

Mathophobia 

Seymour Papert chose to title the second chapter of Mindstorms "Mathophobia: The Fear for 

Learning" . Its starting point is the schizophrenic split between humanities and science, a division 

that is deeply built in the language, the worldview, the social organization and the educational 

system. A division that in the last 30-40 years of neoliberistic drift, has further widened. For 

instance, in the universities , since the 1980s, academics struggle in the competition for getting their 

researches funded. Unfortunately, the other side of the coin is that almost nobody cares about 

teaching, or very little. The career of a professor does not depend on the quality of his teaching but 

almost only on the quantity of her or his scientific outputs. The consequences are too bad. 

Academics tend to transform in managers when they do research and public civil servant when they 

teach: dynamic entrepreneurs on one hand and (strong) conservatives the other. In that way, even in 

the humanities we see a technical drift of the academic role. The mission of teaching, which in a 

sense is the "humanistic side"  of the job  is reduced to a kind of Cinderella. Thus, the 

dichotomization between scientific and humanistic is even stronger and unbalanced. 

  

Breaking the line between science and humanities 

The issue is not that of some proper balance but to break the line between the two cultures. Papert 

looked at the computer as a force to dampen the distinction. The practice of coding was thought as a 

way to introduce a more humanistic mathematics and to exploit some scientific reasoning in the 

humanities. It is in this context that Papert talked about a Mathland, where mathematics would 

become a natural vocabulary, with the idea that we could change not only how we teach math but 

even the way in which our culture thinks about knowledge and learning. 

  

Papert claims that his arguments are not limited to the learning of math but concern the attitude to 

learning in general. The word \textit{mathophobia} suggests two associations. One is the 

widespread dislike of mathemathics. The other derives from the stem "math", that in ancient greek 

means learning in general sense. Thus, if children begin by being skillful spontaneous learners, later 

on they "learn" the fear of learning and not only of mathematics. Ironically, it seems that the more 

you get instructed the more you fear learning. 

  

Piagetian learning 

Children learn thousands of words before entering the first grade. Less obvious to many people is 

the fact that kids learn a great deal of mathematics as well. Among these preschool knowledges 

there are for instance notions such as the volume conservation of liquids in vessels of different 

shape, or the independence of the total number of objects from the order in which they have been 

counted. Papert called this 

  



Piagetian learning, a learning process that has many features the schools should envy: it is effective 

(all the children get there), it is inexpensive (it seems to require neither teachers nor a curriculum 

development), and it is humane (the children seem to do it in a carefree spirit without explicit 

external rewards and punishments). 

  

As a matter of fact, the practices of mathematics teaching largely underestimates the Piagetian 

learning, imposing formal knowledges that turn out to be mostly dissociated from the former 

spontaneous notions. The consequences for the future adults are heavy. The loss of the child's 

positive attitude towards learning is a very common phenomenon of adult ages and it does not 

concern only mathematics. 

  

Deficiency becomes identity: "I can't learn French, I don't have an ear for languages;" "I could 

never be a businessman, I don't have a head for figures." 

  

Papert's argument about attitudes and prejudices 

Some 80% of my Primary Education students declare themselves as "distant from math". Many 

claim to have difficulties with technologies as well, despite they are supposed to be "digital 

natives". The notion that there are smart people and dumb people for a given activity is widespread. 

It is extremely difficult to eradicate the prejudices about one's own attitudes. The point is that the 

accepted beliefs about mathematical aptitude do not follow from the available evidence. In order to 

reinforce the concept Papert recasted the argument as follow (Papert, 1993, p.43): 

Imagine that children were forced to spend an hour a day drawing dance steps on the squared 

paper and had to pass tests in these “dance facts” before they were allowed to dance physically. 

Would we not expect the world to be full full of “dancophobes” ? Would we say that those who 

made it to the dance floor and music had the greatest “aptitude for dance”? In my view it is no 

more appropriate to draw conclusions about mathematical aptitude from children's unwillingness to 

spend many hundreds of hours doing sums. 

  

School constructs aptitudes 

  

Consider the case of a child I observed through his 8th and 9th years. Jim was a highly verbal and 

mathophobic child from a professional family. His love for words and for talking showed itself very 

early, long before he went to school. The mathophobia developed at the school. My theory is that it 

came as a direct result of his verbal precocity. I learned from his parents the Jim had developed an 

early habit of describing in words, often aloud, whatever he was doing as he did it. This habit 

caused him minor difficulties with parents and preschool teachers. The real trouble came when he 

hit the arithmetic class. By this time he had learned to keep "talking aloud" under control, but I 

believe that he still maintained his inner running commentary on his activities. In his math class he 

was stymied: he simply did not know how to talk about doing sums. He lacked a vocabulary (as 



most of us do) and a sense of purpose. Out of this frustration of his verbal habits grew a hatred of 

math, and out of the hatred grew what the tests later confirmed as poor attitude. 

  

For me the story is poignant. I am convinced that what shows up as intellectual weakness very often 

grows, as Jim's did, out of intellectual strengths. And it is not only verbal strengths that undermine 

others. Every careful observer of children must have seen similar processes working in different 

directions: for example, a child who has become enamored of logical order is set up to be turned off 

by English spelling and to go on from there to develop a global dislike for writing. 

  

The "dissociated" learning model 

Papert's idea was that we could use computers as vehicles to escape from the situation of Jim or that 

of children loving logic but with kind of dyslexic problems. In both cases they are victims of our 

culture's sharp separation between the verbal and the mathematical. He imagines a Mathland where 

Jim's love and skill for language could be mobilized to serve his formal mathematical learning 

instead of opposing it, whereas for the other kind of children, the love for logic could nourish the 

interest in linguistics. The prevailing teaching methods give mathematics learners limited 

possibilities to make sense of what they are learning. Consequently, children are forced to follow 

the worst model for learning mathematics, which is rote learning, where material is meaningless. It 

is what Papert called a dissociated model. 

  

Not only math... 

Well into a year-long study that put powerful computers in the classrooms of a group of “average” 

7th graders, the students were at work on what they called “computer poetry”. They were using 

computer programs to generate sentences. They gave the computer a syntactic structure within 

which to make random choices from given lists of words. The result is the kind of concrete poetry we 

see in the illustration that follows. One of the students, a 13 year old named Jenny, had deeply 

touched the project’s staff by asking on the first day of her computer work, “Why where we chosen 

for this? We’re not the brains”. The study had deliberately chosen children of “average” school 

performance. One day Jenny came in very excited. She had made a Discovery. “ Now I know why 

we have nouns and verbs,” she said. For many years in school Jenny had been drilled in 

grammatical categories. She had never understood the differences between nouns and verbs and 

adverbs. But now it was apparent that the difficulty with grammar was not due to an inability to 

work with logical categories. It was something else. She had simply seen no purpose in the 

enterprise. She had not been able to make any sense of what grammar was about in the sense of 

what it might be for. And when she had asked what it was for, the explanations that her teachers 

gave seemed manifestly dishonest. She said she had been told that “grammar helps you talk better". 

(Papert, 1993, p.48) 

Note: I reported this example because we will find it again, in different form, among the more 

advanced applications of Logo. Interestingly, in the 70s you needed a powerful computer and an 



advanced research staff, nowadays you can do the same thing with a simple implementation of 

Logo in a PC. 

  

Example of computer poetry 

I reported this example because we will find it again, in different form, among the more advanced 

applications of Logo. Interestingly, in the 70s you needed a powerful computer and an advanced 

research staff, nowadays you can do the same thing with a simple implementation of Logo in a 

PC.Later on we will show an example done with LibreLogo. 

Here you have an example quoted by Papert (1993, p.49) 

INSANE RETARD MAKES BECAUSE SWEET SNOOPY SCREAMS 

SEXY GIRL LOVES THATS WHY THE SEXY LADY HATES 

UGLY MAN LOVES BECAUSE UGLY DOG HATES 

MAD WOLF HATES BECAUSE INSANE WOLF SKIPS 

SEXY RETARD SCREAMS THATS WHY THE SEXY RETARD 

THIN SNOOPY RUNS BECAUSE FAT WOLF HOPS 

SWEET FOGINY SKIPS A FAT LADY RUNS 

  

Double talk 

Papert put his argument in a very strong way: often children cannot understand what are math and 

grammar for because they perceive adult explanations as double talk. 

It is easy to understand why math and grammar seem to make sense to children when they fail to 

make sense to everyone around them and why helping children to make sense of them requires more 

than a teacher making the right speech or putting the right diagram on the board. I have asked 

many teachers and parents what they thought mathematics to be and why it was important to learn 

it. Few held a view of mathematics that was sufficiently coherent to justify devoting several 

thousand hours of a child's life to learning it, and children sense this. When a teacher tells a student 

that the reason for those many hours of arithmetic is to be able to check the change at the 

supermarket, the teacher is simply not believed. Children see such reasons as one more example of 

adult double talk. The same effect is produced when children are told school math is “fun” when 

they are pretty sure that teachers who say so spend their leisure hours on anything except this 

allegedly fun-filled activity. Nor does it help to tell them that they need math to become scientists - 

most children don't have such a plan. The children can see perfectly well that the teacher does not 

like math anymore than they do and that the reason for doing it is simply that it has been inscribed 

into the curriculum. All of these erodes children's confidence in the adult world and the process of 

education. And I think it introduces a deep element of dishonesty into the educational relationship. 

  

Math teaching legacy like the QWERTY problem 

It is important to keep in mind the difference between mathematics - a vast domain of inquiry 

whose beauty is rarely suspected by most laymen - and school math. The latter is a kind of social 



construction, that is a set of mathematical topics determined by a succession of specific 

circumstances. A process that do not guarantees, per se, the achievement of an optimal result. It 

reminds the story of the QWERTY keyboard layout. QWERTY represents the first five keys in the 

upper rows. This arrangement has no rational explanation but only an historical one. It was 

introduced because the keys of the first typewriters tended to jam. So they were arranged to reduce 

collisions by separating the keys that followed one another most frequently. The technology of 

typewriters improved rapidly and in a few years the jamming problem was no more an issue but the 

QWERTY arrangement stuck. A this point too many people were fluent with the QWERTY layout 

and the production of typewriters was too far away to make a step back for redesigning a more 

rational layout, for instance by grouping the most used keys together. 

The QWERTY problem is a good example of how consolidated habits may not necessarily be the 

best choice. Like the QWERTY layout, school math was shaped in a different historical context. In 

the same way, this idea of mathematics has dug itself deeply and, even nowadays, for most people it 

is inconceivable that math could be also something else. I remember a well known professor of 

calculus who, at the beginning of the first year of the mathematics curriculum, exhorted his students 

to forget what they had learned in high school since math was something different. 

  

Papert's appropriability principles 

Turtle geometry was conceived to fit children and, first of all, to be appropriable. We could 

describe this concept by means of some principles. 

1. The continuity principle: new mathematical knowledge has to be continuous with the 

existing one, the one kids have before going to school. 

2. The power principle}: new knowledge must empower learners to realize personally 

meaningful projects, that could not be done without it. 

3. The principle of cultural resonance: new concepts must make sense to kids in their social 

context. Ironically, even in adults social context: we should not inflict on children something 

we have not thoroughly understood and, unfortunately, with "classic basic math" this is the 

case. 

  

  

  

 

Seymour Papert. Mindstorms, Children, Computers, and Powerful Ideas. Basic books, New York, 2 

edition, 1993. 

  



 

  

  

A computer poetry example with LibreLogo 

Recalling the computer poetry example  we show here something similar to the example reported 

by Papert coded in LibreLogo. It is an anticipation and even a divergent one. First we didn't say 

almost anything about coding so far, second it seems somewhat weird to use a graphics-oriented 

software, such as LibreLogo, to build a grammar exercise. Dont't worry, for now just fly over the 

example. The point we are making is to show how, nowadays, with a simple free software system 

installed in a small computer it is possible to realize something that thirty years ago required a 

powerful computer run by an advanced staff of scientists. This means that the tools, even pretty 

complex ones, for introducing advanced applications of technology in schools are freely available 

out there: free tools for a truly democratic school. 

  

Kind of limerick 

Our example is somewhat different since it is conceived to produce kind of limericks, a form of 

five-line verse, often humorous or nonsensical. The code is copyrighted by Stefano Penge 2017, 

released under General Public License v.3.0; slightly modified by Andreas Formiconi (2018): 

Stefano Penge, Lingua, coding e creatività. Fare coding con le materie umanistiche, Anicia, Roma, 

2018. 

  

At this point, dear reader, you can straightforward proceed to the next lesson. Just in case you are 

really curious, just fly over the example trying to grasp the big picture. You will came back here 

later on, once you will be familiar with such constructs, if you like to tinker with this kind of code. 



The whole limerick code can be downloaded from this link. Here we'll just comment the basic 

pieces. 

First of all an example of output: 

  

Un elefante efficientissimo di Alghero 

un giorno giocava a tressette sotto un pero 

ma passate tre ore 

rimase in disparte 

Quel assonnato chirurgo di Como 

  

Which in English could sound as: 

  

A very efficient elephant from Alghero 

one day he played tressette under a pear tree 

but spend three hours 

stood aside 

That sleepy surgeon from Como 

  

The LIMERICK command 

The result is obtained by defining just one new command - LIMERICK - by means of a so 

called subroutine, in the following way: 

  

TO LIMERICK 

LABEL VERSE_1 

BACK 12 

LABEL VERSE_2 

BACK 12 

LABEL VERSE_3 

BACK 12 

LABEL VERSE_4 

BACK 12 

LABEL VERSE_5 

END 

  

Here there are five commands, each for producing a verse, VERSE-1, VERSE-2 and so on... 

  

http://iamarf.ch/mooc/logo-odt-files.zip


The VERSE command 

Each verse command describe the structure of the sentence, for instance for VERSE_1 we have: 

  

TO VERSE_1 

OUTPUT 'Un' + _CHARACTER_ + _ADJECTIVE_ + 'di' + _PROVENANCE_ 

END 

  

The sentence of the first verse is composed by the (Italian) article 'Un', then a character, an 

adjective, the preposition 'di' and a provenance. 

  

The CHARACTER command 

To choose the character an appropriate CHARACTER subroutine is defined 

  

TO _CHARACTER_ 

OUTPUT RANDOM [' signore ' ,' elefante ',' chirurgo '] 

END 

  

which chooses among the characters ' signore ' (gentleman),' elefante ' (elephant) and ' chirurgo ' 

(surger). Similarly, one could increase the number of possible characters. Similarly for the other 

kind of headwords: adjectives, porvenances and so on. 

A nice exercise woul be to change all this code to produce English sentences, or other variants. 

Just take this as an example of how easy it is to browse in apiece of free software code, LibreLogo 

code here, and, possibly, to change it according to your wishes. Of course you have to study and 

understand some basic elements of coding, but we are here just for this... 

 

 



 

The Turtle does the turtle 
Is there a place for randomness in computers? 

Now we want to give the Turtle the ability to take decisions but first let's make the scenario more 

interesting. 

So far we have depicted a sort of deterministic vision of computer programming. In our context this 

means giving the Turtle clear commands - do this, do that. Once the program is written the game is 

over. No matter the complexity, the drawing is frozen in the code. Thus, is there no place for 

randomness in the computer? 

Yes and no. A technical explanation for this answer would be too complex here. In a first 

approximation we can say that, no, a computer cannot produce true randomness but a sort of 

pseudo-randomness, thanks to appropriate mathematical tricks. 

Basically, in order to produce randomness one has to be able to generate random numbers, by 

means of so called random number generators. In reality, they generate periodic sequences, in the 

sense that after a certain number of extractions the same initial sequence is started again. The trick 

consists in using algorithms that produce extremely large periods so that one never reaches the end 

of the sequence by means of successive number extractions. 

Thus, they appear as true random numbers. 

  

RANDOM 

The Turtle understands the RANDOM command: 

X = RANDOM 100 ; gives back a random float number[Note] (0 ≤ X < 100), that is equal or 

greater than 0 and smaller than 100. 

X = RANDOM “abcde” ; gives back a random letter among a, b, c, d, e 

X = RANDOM [1, 2, 3] ; gives back a random element among 1, 2 and 3 

You can also mix different items, for instance 

X = RANDOM [1, “pippo”, 3.14] 

But ranodmness is also embedded in the special default variable ANY, for instance with 

PENCOLOR ANY 

you are going tu use a random pen color. 



Note: In computer science a float number is a number with decimal digits. For instance, 3.14 is a 

float number, 18 is an integer number. 

  

Experimenting with RANDOM 

In the aforementioned examples the random choices are memorized in the variable named X. Of 

course you can choose whatever name you prefer, or even use the instructions in some different 

way. For instance, try to play with the different use of the RANDOM command by means of the 

following code: 

HOME 

CLEARSCREEN 

PENUP 

FORWARD 300 

REPEAT 10 [ 

LABEL RANDOM 100 

BACK 12 

] 

  

With this code the Turtle first goes next to the page top, then writes a column of ten successive 

random numbers between 0 and 100, printing them by means of the LABEL instruction. 

In the following slide you see the result I got right now. Be aware that you will not get the same 

sequence of numbers and thatis right! After all they are supposed to be random numbers... And, of 

course, you can change whatever you like in this piece of code - it's always good to experiment... 

  

A random sample 

 

TO something REPEAT nnn [ FORWARD xxx RIGHT yyy ] END 

Let us recall some codes 

TO TR REPEAT 3 [ FORWARD 100 RIGHT 120 ] END ; with this you obtain a triangle by 

calling TR 

TO SQ REPEAT 4 [ FORWARD 100 RIGHT 90 ] END; with this you obtain a square by 

calling SQ 



TO CR REPEAT 360 [ FORWARD 1 RIGHT 1 ] END; with this you obtain a circle by 

calling CR 

These are only examples of a very recurrent code pattern: 

TO something REPEAT nnn [ FORWARD xxx RIGHT yyy ] END 

With this you obtain "whatever" by calling something... 

Starting with this pattern Abelson and diSessa worked out the basic theorems of turtle geometry, for 

instance. 

  

Moving by an indeterminated amount 

And by means the same pattern we are going to give life to our Turtle. Within the repeating cycle, 

first we are going to tell the Turtle to move forward by a random amount between 1 and 2. In order 

to achieve this effect we write down the instruction 

FORWARD RANDOM(1) + 1 

Here we are telling the Turtle to move forward by a quantity equal to RANDOM(1) +1. In the 

previous slide a slightly different syntax was shown: RANDOM 1 instead RANDOM(1). Both can 

be used, however. The first one is the standard LibreLogo version reported in the official LibreLogo 

Toolbar manual. The second one is an alternative version which is based on the underlying Python 

code by means of which LibreLogo has been written. In the example we are discussing this version 

is preferable because it is clearer. Actually, using RANDOM 1 + 1 it is not clear if we are willing to 

sum 1 to the result of RANDOM 1 or if we want to call RANDOM 2. By using RANDOM(1) + 

1 there is not such an ambiguity. By issuing the command RANDOM(1) + 1 we get a random 

number between 0 and 1, thus, if we sum 1 to this, we obtain a random number which is 

between 1 and 2. 

Here we, for instance, the results of five successive run of RANDOM(1) + 1 

1.71, 1.93, 1.73, 1.43, 1.99, 1.07, 1.26, 1.47, 1.27, 1.38 

  

Turning by a not completely determined amount 

Then we the Turtle to turn by a random amount, say between -45 and 45 degrees. We can achieve 

this result similarly, by means of the instruction 

LEFT RANDOM(90) - 45 

With RANDOM(90) - 45 we get a random number between -45 and 45degrees. 

Here the results of five successive run of RANDOM(90) - 45: 

37.8, 22.5, -12.1, -0.78, 2.3, -27.3, 34.0, 15.9, -26.7, 26.6 

  

Injecting randomness in TO something REPEAT 360 [ FORWARD xxx RIGHT yyy ] END 



Now we put the two "random-generating" code in our basic pattern "TO something REPEAT 360 

[ FORWARD xxx RIGHT yyy ] END" 

TO RANDOM_MOVE REPEAT 100 [ FORWARD RANDOM(1) + 1 RIGHT RANDOM(90) - 

45 ] END 

where the pieces of injected code are emphasized. Furthermore, we wrote here 100 repetitions but 

this can be changed freely, of course. If you go and first write this code in a Libreoffice document , 

then after this, below, you add the command RANDOM_MOVE and you let the turtle run the 

code, you get e result similar to this figure. Just try... are you getting the same picture? I mean 

exactly the same? 

 

  

The fascinating world of scientific simulation 

Well, I could easily bet that your turtle didn't travelled exactly along the same patern as mine. To 

tell the truth, the probability that you get the same picture is not exactly zero but it is extremely low: 

I'm pretty safe... 

So what? How can we be happy of producing unpredictable results by means of a machine 

conceived for making complex and accurate calculations? Well, actually, we are very glad because 

with this simple code we open a window on the huge and crucial world of scientific simulation. 

Nowadays, in every scientific field the simulation is an essential investigation tool, the only one 

possible to face the overwhelming complexity of natural phenomena. 

However, “nowadays” does not mean exactly today. My graduation thesis in physics, in the 

seventies, was heavily based on the use of computer simulation of radiation scattered within the 

human body. A too complex context to be faced solely with the tools of mathematical analysis. In 

physics, computer simulations make use of the so called Monte Carlo methods, a broad class of 

computational algorithms that rely on repeated random sampling to obtain numerical results. For 

instance, in my thesis work, I simulated a source of radioactivity within the body, by reproducing 

the emission of photons, thus invoking a random number generator at any random step, such as 

direction of emission, interaction with matter, direction of deflection and so on. 

Thus, "nowadays" may mean fourty years ago, as well... 

  

Simulation and complexity 



But simulations are not restricted to the domain of physics, on the contrary, the more complex the 

phenomena, the more simulations may turn out to be the unique possible investigation tool. In the 

context of biological disciplines we talk about in silico experiments, referring to the fact that they 

are realized through calculations done with digital computers that run on silicon chips - the 

expression is an allusion to the latin phrases in vivo, in vitro and in situ, commonly used in biology. 

Nowadays in silico experiments include molecular biology, genetic assays, tumor growth, 

dermatology, bone remodeling, organ failure, clinical trials, just to mention a few. In medicine, for 

instance, in silico studies are used to discover new drugs because it is faster and costs much less. In 

biology they are used to study to formulate behaviour model of cells and in genetics to analyze gene 

expression (In molecular biology "gene expression" means the way a set of genes determines the 

functioning of the cell at the macromolecular level). 

 

  

What are we simulating here? 

But what are we simulating with our piece of code? The obvious answer is a turtle wandering 

randomly. Of course, if we imagine to observe an animal from the height in its environment, the 

impression will be that of a random movement. In this sense our code could be considered a 

simulation of the animal behaviour, even if a very poor one, since our randomness assumption is 

based on the fact that we ignore what the animal is actually doing. 

Animals move because they are looking for food or a mate, for instance. Or, perhaps, the simulation 

could be more appropriate for a drunk person hanging around in the night, looking for a nonexistent 



happiness. The distribution of food for a given specie of animals in its natural environment could be 

modeled, to some extent, but the inner struggle of a man is much more difficult to translate in 

mathematical terms. 

 

What do we mean by "modeling something" 

But what does it mean exactly "modeling something", such as food distribution, in the context of 

our example? Yes, apparently, we injected a drop of life in our code, reproducing a randomness 

which we all experience in our life, in the shape of good or bad luck. However, despite such strong 

perception of uncertainty, we all know that our capability of observing the outside world and of 

tacking decisions, is crucial, as well. 

In substance, our turtle is totally passive! It just has some energy to proceed and to turn: no smell, 

no sight, no decisions. This is the point: we need a way to let the Turtle have the ability to take 

decisions! 

  

IF condition [ true block ] [ false block ] 

In previous examples we have seen codes that are executed sequentially. Yes, we have just 

introduced some random behaviour in turtle's life but the sequence of instructions was always 

rigidly predetermined, so far. Now we are going to show the way to change the sequence of 

instructions depending on the state of the process. There is a specific command in LibreLogo to do 

this: 

IF condition [ true block ] [ false block ] 

which means: if the given condition is verified, then execute the first block of instructions (true 

block), otherwise, execute the second one (false block). Let's see a couple of example at once: 

IF a < 10 [ PRINT “Small” ] 

IF a < 10 [ PRINT “Small” ] [ PRINT “Big” ] 

In the first line, if the variable a contains a number smaller than 10, then the turtle will print the 

word "Small". 

In the second line, if the variable a contains a number smaller than 10, then the turtle will print the 

word "Small", otherwise (a larger than or equal to 10) it will print the word "Big". 

Go and try, and remember: the best way to learn coding is always to explore by yourself! 

  



More on conditions 

Conditional statements use relational operators: 

• == equal 

• < less than 

• <= less than or equal to 

• > greater than 

• >= greater than or equal to 

• != not equal to 

Conditions can be builded in pretty complex ways by using logical operators: AND, OR, NOT. For 

instance: 

IF a < 10 AND NOT a = 5 [ PRINT “0, 1, 2, 3, 4, 6, 7, 8 or 9” ] 

IF a < 10 AND a != 5 [ PRINT “0, 1, 2, 3, 4, 6, 7, 8 or 9” ] 

Reflect, try and play... 

  

Preparing for taking decisions... 

That said, let us expand the line of code we read before: 

TO RANDOM_MOVE REPEAT 100 [ FORWARD RANDOM(1) + 1 RIGHT RANDOM(90) - 

45 ] END 

TO RANDOM_MOVE 

REPEAT 100 [ 

FORWARD RANDOM(1) + 1 

RIGHT RANDOM(90) - 45 

] 

END 

To run this code you have to wirte below RANDOM_MOVE 

Fine, what we are going to do now is to let the turtle ask itself about its status in relation to a 

positive stimulus, which we assume to be caused by the presence of sme food somewhere. In the 

next slide we are going to see the whole code, then we wil discuss it one piece at a time. 

  

The turtle is smelling food somewhere 

• TO SMELLING 

• PF = [350,350] ; PF is the point where we have placed food, say some salad 

• PENUP POSITION PF HEADING 0 PENDOWN LABEL “FOOD!” ; write down 

"FOOD!" at [350,350] 

• PENUP HOME PENDOWN ; go back home, at the page center 

• P1 = POSITION ; place current postion in variable P1 

• FORWARD 1 ; one small step forward, just to initialize variables 



• P2 = POSITION ; place current postion in variable P2 

• REPEAT 100 [ ; begin iterations... 

• FORWARD RANDOM(1) + 1 ; one step forward, between 1 and 2 

• D1 = SQRT((P1[0]-PF[0])**2 + (P1[1]-PF[1])**2) ; distance between P1and PF 

• D2 = SQRT((P2[0]-PF[0])**2 + (P2[1]-PF[1])**2) ; distance between P2and PF 

• IF D1 < D2 [ RIGHT 20 ] ; if food distance from old point is less than from new point turn 

by 20° 

• P1 = P2 ; new point becames old 

• P2 = POSITION ; set new point 

• ] 

• END 

  

Description of SMELLING procedure 

Numbers at the left indicate the instruction numbers in previous slide listing 

2-7: initialization. 

2-4: Food location PF is set. 

5-7: Points P1 and P2 are set.They have some meaningful value while entering the repetition cyle 

(9-16). At each iteration, P1 is the previous turtle location, P2 is the new one. 

9: Repetition cycle begins. The number of iteration is irrilevant. One can always stopo the program 

with the red button of LibreLogo toolbar. 

10: FORWARD RANDOM(1) + 1 ; one step forward, random length between 1and 2 

11: D1 = SQRT((P1[0]-PF[0])**2 + (P1[1]-PF[1])**2) ; calculating distance between previous 

turtle location P1 and food location PF with Pythagoras theorem 

12: D2 = SQRT((P2[0]-PF[0])**2 + (P2[1]-PF[1])**2) ; calculating distance between new turtle 

location P2 and food location PF with Pythagoras theorem 

13: IF D1 < D2 [ RIGHT 20 ] ; if food distance D1 from old point is less than distance D2 from 

new point then turn by 20, otherwise do nothing 

14: P1 = P2 ; last, preparing for next iteration, the new point becames the old one 

15: P2 = POSITION ; the new point is set to the current location reached by the turtle 

16: ]; end od repetition cycle 

Now you can invoke SMELLING whenever you want. 

  

Improving modeling 

Doubtless, we made the turtle somewhat aware of the environment but its behaviour appears to be a 

bit stereotyped, being able to react just by turning right. this could be considered a fancy way to 

draw a spiral (there are many others) but we wanted to explore modeling here. 



Therefore, in next slide we are going to see a more sophisticated example, increasing the amount of 

randomness in turtle's behaviour. 

 

Interesting that to better approximating life we have to increase chaotic ingredients, isn't it? 

 

  

The turtle keeps smelling food but gets livelier 

• TO SMELLING 

• PF = [350,350] ; PF is the point where we have placed food, say some salad 

• PENUP POSITION PF HEADING 0 PENDOWN LABEL “FOOD!” ; write down "FOOD!" 

at [350,350] 

• PENUP HOME PENDOWN ; go back home, at the page center 

• P1 = POSITION ; place current postion in variable P1 

• FORWARD 1 ; one small step forward, just to initialize variables 

• P2 = POSITION ; place current postion in variable P2 

• REPEAT 100 [ ; begin iterations... 

• FORWARD RANDOM(1) + 1 ; one step forward, between 1 and 2 

• D1 = SQRT((P1[0]-PF[0])**2 + (P1[1]-PF[1])**2) ; distance between P1 and PF 

• D2 = SQRT((P2[0]-PF[0])**2 + (P2[1]-PF[1])**2) ; distance between P2 and PF 

• RIGHT RANDOM(40) - 20 ; a new random turn component, between -20° and 20° 

• IF D1 < D2 [ RIGHT 20 ] ; if food distance from old point is less than from new point turn 

by 20° 

• P1 = P2 ; new point becames old 

• P2 = POSITION ; set new point 

• ] 

• END 

  

What's changed from previous SMELLING... 

Just one instruction has been added here: 

13:RIGHT RANDOM(40) - 20 

This is a new random turn component, comprised between -20° and 20°, which we added before 

the RIGHT 20 turn applied conditionally only if the turtle was approaching food location: 

14: IF D1 < D2 [ RIGHT 20 ] 



It should be clear, from these naive experiments, that there are countless possibilities to explore 

modeling, starting with changing the balance between fixed and random turning in this code. 

 

  

Further modeling explorations 

What we have modeled before is the sense of smelling, that is something which depends on distance 

only. We could try to model sight, which is different from smelling because it is directional: you see 

only if you look along a certain direction whereas with smelling you sense independently from 

heading. We could try setup a two-eye model, or even to take intensity of stimulus into account. We 

can put obstacles around that has to circumvented to get to targets. 

Another field of exploration is that of populations, for studying predator-prey or other dynamics. 

However, in this case we need the ability to run multiple turtles simultaneously and with the present 

version of LibreLogo this is not possible. It is plenty of Logo versions out there, and some of them 

allow to run more then one turtle at a time. As we have already said, the reason for using LibreLogo 

as the first, even if not trivial, introduction to Logo relies in its extremely low floor, which is helpful 

in primary school. 

As an example, let us extend the first example shown in this lesson (slide 10) to multiple turtles. We 

are going to use another Logo environment which is Kojo. First, let's go straight to see the code, 

which realizes exactly the same behaviour shown in slide 10 but for five totally independent turtles. 

We wil comment the code later on. 

  

Kojo code for five wandering turtles 



 

  

Five wandering turtles 

 

  

Minimal LibreLogo-Kojo dictionary 



 

  

Turtle objects in Kojo 

Logo is not case-sensitive, you can write commands lower or uppercase, indifferently. I usually 

show examples written in uppercase because it seems to be easier for beginners. Instead, Kojo is 

case-sensitive and commands are written in "camel-case" style, which means that lower- and 

uppercase letters may be mixed in the same word and that case is relevant: for instance penUp() is 

right and penup() does not work. Brackets are somewhat different, as you can see form previous 

slide but correspondence between turtle commands are pretty easy to recognize. However, Kojo 

code seems somewhat complex. Actually, it is based on Scala language, which is a moderne very 

powerful language. This comes at some cost in complexity. 

For instance, our minimal LibreLogo-Kojo dictionary is lacking of a specific construct: 

val t1 = newTurtle(0, 0) 

which has ben used five time, for t1, t2, t3, t4 and t5. Well, this are the five turtles. This kiind of 

instruction is peculiar of the so called object-orientedlanguages and represents a constructor. The 

expression val means that a new object of kind turtle will be created and assigned to variable t1. 

Similarly for t2... t5. to be an object means to have a number of features: numeric or literal 

constants, variables, specific functions and so on. 



Kojo runs on all kind of operating systems, being writte in in Java. It can be donwloaded from 

the kogics foundation site. 

  

Description of five-turtles Kojo code 

1: clear() ; clear screen 

3-9: def path(t: Turtle, delay: Int) = runInBackground {... ; definition of function (procedure in 

LibreLogo) path. To start a turtle you have to invoke path, see the five path invocation at 

instructions 22-26. The definition of path function takes arguments: an object t of type Turtle and a 

number delayof type Int, that is an integer number. The delay number is for controlling the speed 

of the Turtle: the greater the number the slower the speed. The Turtletupe argument serves to start 

different turtles, such as at instructions 22-26. 

5-8: same repeat cycle of theLogo version. 

11-20: constructing five different Turtle objects and setting them to five different colours. 

22-26: starting the five turtles by invoking the path function on the different five turtles, all with 

delay 1000. The delay is the amount of time (in milliseconds) taken by the turtle to move through a 

distance of one hundred steps. 

  

Recapping 

Recapping, may be that some readers found the Kojo environment weird with respect to the Logo 

one. We have put this part to let you know the whole potential of the Logo language, presenting also 

a more sophisticated implementation. The discussion about animal behaviour modeling was a good 

opportunity in order to grasp some of more advanced features. However, in the following we will 

keep using LibreLogo because, for younger kids the "low floor" aspect of an educational software 

language is important. 

•  

 

http://www.kogics.net/kojo


 

Turtle geometry 
We all know about the existence of Euclidean geometry, and also of Cartesian geometry. Are they 

different? Of course, they are very different. Which is the true geometry? This question is 

nonsensical. Euclidean geometry and Cartesian geometry are both perfectly true. They are different 

perspectives of the same geometrical objects. Which one we use is a matter of convenience in the 

contest of the problema at stake. There are other geometries (non-euclidean, differential...) but it is 

enough to focus on these ones, for the sake of our discussion about turtle geometry. Yes, because 

what we want show is that this one is a geometry like the others and that it is most suited to 

introduce an let experience some geometrical concepts to kids. 

Let's see how the most fundamental object of geometry is representes in these three geometries. 

  

The point 

In Euclidean geometry the point is the unique dimension-less entity, or the "object without parts". 

In Cartesian geometry a point in a plane is given by a ordered pair of numbers . in three-

dimensional space is given by three numbers , and so on, in n-dimensional spaces 

by  numbers. Focusing on the plane, where we will keep working within this 

course (the turtle can also work in more complex spaces), a point is a couple of numbers, that is, in 

order to act on a point, one has to work on the two numbers representing it. 

In turtle geometry the point is... the turtle! 

It's not a joke: the turtle is completely described once we know its position and heading. The 

expression "completely described" let us think to the notion of state, a basic notion of physics. 

Actually the turtle has a state, made of position and heading. The fact that the fundamental object it 

is characterized by such a state is what makes turtle geometry peculiar with respect to the others. 

More over, it is what makes it appropriate to be used to teach geometry to kids, because working 

with the turtle lends one to think in terms of movement and, in the case of kids, to identify oneself 

with the animal. 

 



  

The square 

In Euclidean geometry the square is a plane figure with four equal sides and four equal angles. 

In Cartesian geometry a square is defined by four pairs of numbers such 

as . To tell the truth, this is a square with sides parallel to the 

axis of the reference system, for a square oriented in any direction, the answer is much more 

complex and it would bring us out of context here. 

And with the turtle? How weird is the expression in the figure! Well, it's simply a piece of code, the 

Logo code that you have to write down in LibreLogo in order to get a square. But how may we 

compare an expression like  with this piece of code? That's the 

beauty of math: the capability of working with the most strange objects, once a perfectly set of rules 

to work with have been established. Do not worry about understanding that code right now. Just 

focus on the fact that, in the realm of turtle geometry, that piece of code represents a square, and 

even in a more general way with respect to the expression, 

because it is perfectly adequate to represents a square in any possible orientation. We will come 

back on this later on. 

 

  

The circle 

In Euclidean geometry the square is a plane figure with four equal sides and four equal angles. 

In Cartesian geometry a square is defined by four pairs of numbers such 

as . To tell the truth, this is a square with sides parallel to the 

axis of the reference system, for a square oriented in any direction, the answer is much more 

complex and it would bring us out of context here. 

And with the turtle? How weird is the expression in the figure! Well, it's simply a piece of code, the 

Logo code that you have to write down in LibreLogo in order to get a square. But how may we 

compare an expression like  with this piece of code? That's the 

beauty of math: the capability of working with the most strange objects, once a perfectly set of rules 

to work with have been established. Do not worry about understanding that code right now. Just 

focus on the fact that, in the realm of turtle geometry, that piece of code represents a square, and 

even in a more general way with respect to the expression, 



because it is perfectly adequate to represents a square in any possible orientation. We will come 

back on this later on. 

 

  

Turtle Geometry - H. Abelson and A. diSessa 

Turtle geometry was thoroughly described by Harold Abelson and Andrea diSessa in Turtle 

Geometry - The Computer as a Medium for Exploring Mathemathics, MIT press, Cambridge, 1986. 

This a mathematics book at the college level, full of theorems and exercises. What is amazing is 

that it was written when computers were still barely entering in every house, in the Eighties. Maybe, 

some of you, reading the first Logo commands, thought this is a very basic program for kids. Of 

course it is, but it's underpinned by a very strong theoretical background. With Papert's words: it 

has a low floor and a high ceiling. 

 

  

Turtle Geometry - content 

It is interesting to explore the index of this 477-pages book: 

• introduction toTurtle Geometry 



• Turtle Graphics 

• POLYs and other Closed Paths 

• Looping Programs 

• Symmetry of Looping Programs 

• Feedback, Growth, and Form 

• The Turtle as a Animal 

• Turtles Interacting 

• Growth 

• Vector Methods in Turtle Geometry 

• Vector Analysis of Vector Programs 

• Coordinates for Vectors 

• Implementing Turtle Vector Graphics on a Computer 

• Maneuvering a Three-Dimensional Turtle 

• Displaying a Three-Dimensional Turtle 

• Topology of Turtle Paths 

• Deformation of Closed Path 

• Deformation fo Curves and Planes 

• Correctness of the Pledge Algorithm 

• Turtle Escapes the Plane 

• Turtle Geometry on a Sphere 

• Curvature 

• Total Curvature and Topology 

• Exploring the Cube 

• A Computer Cube 

• Observations and Questions About Cubes 

• Results 

• A Second Look at the Sphere 

• A Computer Simulation 

• Exploring 

• Results 

• Piecewise Flat Surfaces 

• A Program for Piecewise Flat Surfaces 

• Orientations 

• Curvature and Euler Characteristics 

• Curved Space and General Relativity 

• Wedge Representations 

• Phenomena of Curved Space and Time 

• The General Theory of Relativity 

• A Simulator of General Relativity 

  

  



Amazing, isn't it? In the following we will refer only to some of these contents because some parts 

are quite complex. However, what we want to emphasize here is the extended vertical potential of 

Logo:f used cleverly, it may play a significant role in supporting math learning from kids age to the 

college level. 

  

The basic Turtle commands 

Even in a simple implementation such as the LibreLogo one a lot fo instructions are available, well 

beyond those needed by Turtle Graphics. For instance no more than a dozen of instructions have 

been used in the whole Turtle Geometry book. With a minimalist perspective, you can accomplish 

quite complex projects by means of only to commands, FORWARD and RIGHT, assuming to use 

negative numbers, for instance negative distances to travel backwards and negative angles to turn 

left. Since we are interested to work with kids, it is appropriate to introduce a turn-left command, 

that is LEFT. If you want also a BACK command, even if this is less important. 

But to exploit the full potential of Turtle graphics, we are going to briefly anticipate tho basic 

software constructs, one which allows us to repeat whatever sequence of instructrions how many 

times we like and the other who gives us the ability to incapsulate sequences of instructions in new 

commands. We will come back on these constructs later on. 

  

Repeating sequences of instructions: REPEAT 

We have already seen that a square can be obtained my means of the following code: 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

FORWARD 100 RIGHT 90 

To right down four times the same instruction is not so bad but imagine to have a much longer 

sequence, may be hundreds or thousands of repetitions. Even by means of an intensive use of cut-

and-paste it may turn out in a nightmare. The REPEAT instruction is made for solving these 

situations: 

REPEAT 4 [ 

FORWARD 100 RIGHT 90 

] 

Or, if you prefer, you can write it in single line: 

REPEAT 4 [ FORWARD 100 RIGHT 90 ] 

Just try it. 

  

REPEAT syntax 



So the syntax is: first write REPEAT, then the number of repetitions - if you don't specify it it will 

repeat the code ad libitum. Finally, embed the code that has to be repeated inside a pair of square 

brackets. 

The fact that we are using here square brackets is specific of the LibreLogo implementation. For 

instance in the Kojo version of Logo you would use curly barckets {}. 

in the Logo version used in Turtle Geometry book the blocks of code to be repeated are not 

enclosed in brackets but are indented. A syntax used also in the more recent Python language. So, 

you see, the syntax may be somewhat different among languages but the rational is the same. 

  

LibreLogo 

REPEAT 4 [ 

     FORWARD 100 

     RIGHT 90 

] 

  

Kojo 

repeat (4) { 

     forward(100) 

     right(90) 

} 

  

Logo language of Turtle Geometry Book 

REPEAT 4 

      FORWARD 100 

      RIGHT 90 

  

Procedures: TO ... END 

This is one of the most powerful construct in all computer languages. In substance, put a wrap 

around a bunch of instructions and give it a name, then use that name as a command. In LibreLogo 

these encapsulated pieces of code are called procedures. One can put whatever amount of code 

inside, calls to other procedures included. When working with kids, one may tell them that, 

whenever the Turtle encounters a TO instructions, it sits down, keeps listening until the next END 

instruction, memorizing the whole sequence and its name. Then when, later in the following it will 

find a command with that name it will execute the memorized sequence. Kids accept this 

explanation pretty well and in such a way they get exposed to the paradigm of encapsulation, 

fundamental in programming but also in mathematics.In the figure the two occurrences of the 

name SQ have been empasized, the first time when it is defined in the TO sentence and the second 

time when it is used. Try yourself to make variations on this example. 

TO SQ 

     REPEAT 4 

          FORWARD 100 



          RIGHT 90 

END 

SQ 

  

Variables 

So far we we have seen some commands that require arguments. The argument is the value that a 

command may require to be executed. For instance FORWARD wouldn't make any sense without 

an argument that represents the distance that the turtle needs to cover. The expression FORWARD 

50 means that the turtle has to move forward by 50 points; 50 is the value of the argument. We will 

also find commands that require more than an one argument. Basically, in all the previous examples 

we used numerical arguments. Actually, every language allows to understand "variables". They are 

symbolic names to which to convenient numerical values can be assigned. Let's try and execute the 

following code: 

LATO = 100 

ANGOLO = 90 

 

FORWARD LATO LEFT ANGOLO 

FORWARD LATO LEFT ANGOLO 

FORWARD LATO LEFT ANGOLO 

FORWARD LATO LEFT ANGOLO 

  

 

Variables, as in algebra 

We have drawn a square, but instead of using directly the value 100 as an argument of the 

instructions FORWARD, first we assigned the value 100 to the variable named "SIDE" and then we 

used this as an argument of all the instructions FORWARD. The utility of this method is evident: 

let's suppose I am not satisfied of this square's dimensions and that I want to try other values of the 

side. Well, I just need to change the value 100 into the instruction SIDE=100, changing it for 

example with SIDE=150. Feel free to experiment! You may even want to change the value of an 

ANGLE, trying out different values... 

For those who studied algebra basics, they will certainly have recognized the concept of variable, 

that in that discipline is used widely to make simple symbolic calculus. They will also remember 



that the concept of variable is used in various ways, to express quantities that are considered 

variables - for instance a dependant variable in function of other independent variables - then 

quantities that we assume constant, finally quantities that assume the meaning of parameters, that 

are like constants we may be interested to change from time to time. 

At any rate, all these quantities are represented in a symbolic way. Actually, those who had time to 

deepen algebra studies, will know that the concept of variable is passable of a series of 

generalizations. No fear, this is not a Maths class in disguise, or maybe it is, in a way: after all Logo 

represents Seymour Papert's goal to make Maths more accessible. 

  

Variables to describe positions in the plane 

But what we are doing here does not require special attitudes or skills. We are just introducing one 

of the possible generalizations, that we are going to need soon. The generalization we are proposing 

concerns the concept of the turtle's position on the screen. 

The position along aline is determined by a simple number - for instance the position along a road: 

“Road work at km...". A different case is that of the position on a surface. In a sat nav, a familiar 

example, you can give the position in geographic terms, but this has to be given through two values: 

latitude and longitude, denoting the parallel and the meridian. In order to sink a boat at a naval 

battle board game, you must give two coordinates, for instance b7, where "b represents the column 

and 7 the line". Likewise to identify cells on a spreadsheet, and so on. Our turtle also needs two 

values in order to identify a specific place on the sheet, that we can imagine as the x and the y of the 

turtle in the space of the page. So, the way to express this concept in the turtle's world (and not only 

that!) is the following: 

P=[200, 300] 

PRINT P 

LibreLogo prints the "value" [200, 300]. Obviously we chose these numbers randomly, just to make 

an example. The aim is to show how to represent in a symbolic way a position, that actually is 

expressed by two numbers. In algebra this kind of variable is called a "vector". 

  

Vectors 

There is also another way to “isolate” the single elements inside a vector. Let's see the next 

example: 

  

P=[200, 300] 

PRINT P 

PRINT P[0] 

PRINT P[1] 

  



If you execute this fragment of code, first the "value" [200, 300] is printed, then the value 200, 

then 300. Therefore it's clear that with P [0] one obtains the first element of the position vector, 

which contains the number 200, and with P [1] the second element, which contains the number 300. 

Therefore, this is how much is needed to go and see how you can control even more easily the 

position of the turtle on the screen. 

  

Why should we use only these commands... Syntonic learning 

Now, really, with the commands we seen so far, we may reproduce all the examples reported in the 

Turtle Geometry book, but, what is even more important, they are the most suited to let children 

work with Logo. Let's make a simple example. As we will see later on, in LibreLogo, as in all other 

Logo environments, there are primitive commands making the construction of geometrical figures 

easier. For instance, with SQUARE 100 one get a square of side 100 points. So what? Why bother 

with "travelling with the Turtle"? 

  

Well, the answer is exactly this one: to travel with the Turtle. Yes, because for kids physical 

experience is a first fundamental learnomg channel. Papert used the term body syntonic learning. 

First you try to "draw" a figure on the ground moving yourself with your body, then you externalize 

the process projecting it to another entity, which coul be a robot accepting commands, or our Turtle. 

If you "teach" children that in order to get a square they have to just write SQUARE, they 

memorize something - they get a "competence"? - but they make a rather poor learning experience. 

On the other side, if you accompany them in an exploratory path, at the beginning just moving the 

Turtle, then discovering deviations, then trying to choose, or much better, let them choose goals, 

they may arrive at the square but this will be "their square". The square will be associated to the 

stronger experience they got about its components and properties. 

  

The role of error 

Of course, when they will explore they will make errors. This is crucial in order to put errors in the 

right perspective. The conventional school setting induce kids to be afraid of making errors. Parents 

have a relevant responsibility about this problem, especially nowadays, since we all live a strong 

pressure towards mere performance. Let's take our last Turtle definition of a square: 

REPEAT 4 [ 

FORWARD 100 

RIGHT 90 

] 

and ask your disciple to transform this code to get an equilateral triangle. Pretty often you will get 

the following answer: 

REPEAT 3 [ 

FORWARD 100 



RIGHT 60 

] 

Even grownups often answer that way. The reason is that they focus on the fact that internal angles 

of an equilateral triangle measure 60° degrees, but the result is wrong... This error is so common 

that is quoted in "Turtle Geometry", Fig. 1.2, p.7. 

  

Fixing the error 

When studyng the result learners soon realize that they have to focus on the deviation instead of on 

the internal angle and that the two angles are adjacent. Therefore the Turtle should turn by 180-60 = 

120°. 

REPEAT 3 [ 

FORWARD 100 

RIGHT 120 

] 

  

 

 

  

Trying building something: an error again... 

Now that we have a a triangle and a square, we can use them as building blocks in more complex 

dxrawings - a house, for example. Let's explore this... 



TO TR 

REPEAT 3 [ 

FORWARD 100 

RIGHT 120 

] 

END 

TO SQ 

REPEAT 4 [ 

FORWARD 100 

RIGHT 90 

] 

END 

SQ 

TR 

 

Fixing the error... 

Looking more carefully we realize that, once the square is drawn with SQ, the Turtle has to move 

along the vertical side up, from its ending position and then, it must turn by 30° in order to draw the 

roof in the correct position. 

TO TR 

REPEAT 3 [ 

FORWARD 100 

RIGHT 120 

] 

END 

TO SQ 

REPEAT 4 [ 

FORWARD 100 

RIGHT 90 

] 

END 



SQ 

FORWARD 100 

RIGHT 30 

TR 

  

 

  

Papert's circle 

Comparing the code for the triangle and the square it comes natural to try changing the numbers to 

obtain other polygons. Elsewhere we develop this idea in depth, both in from the mathematical 

point view and in the context of kids exploration. When playing with polygons often some children 

may make a discovery: but it looks like a circle! Here the code: 

REPEAT 360 [ FORWARD 1 RIGHT 1 ] 

This looks like the code of a triangle, of a square or other regular polygons. Actually it is the code 

of the 360-sides polygon but it looks like a circle because the sides are so small. 

  

 

  



Body syntonic constructrion of circle 

 

  

Turtle Geometry versus Coordinate Geometry 

At the beginning of this lesson we compared the turtle description of figures with that of Euclidean 

and Cartesian geometry. With the latter you describe geometrical shapes by specifying the 

coordinates of their points. It is Cartesian idea to relate numbers to geometry. 

  

But this is not the only way, for instance, the turtle FORWARD and RIGHT commands give an 

alternative way of measuring figures in the plane. 

  

The geometry of coordinates is called coordinates geometry; here we refer to the geometry of 

FORWARD and RIGHT as turtle geometry. Whereas studying coordinate geometry leads to graphs 

and algebraic equations, turtle geometry introduces to other mathematical ideas, and some of them 

in a way that is very appropriate to introduce kids to math. 

  

Intrinsic versus Extrinsic 



One major difference between turtle geometry and coordinate geometry rests on the notion of 

the intrinsic properties of geometric figures. An intrinsic property is one which depends only on the 

figure in question, not on the figure's relation to a frame of reference. The fact that a rectangle has 

four equal angles is intrinsic to the rectangle. But the fact that a particular rectangle has two vertical 

sides is extrinsic, for an external reference frame is required to determine which direction is 

"vertical". Let's suppose to have commands that can let the turtle draw by sending it to specific 

positions, given their coordinates. Actually such a program exists and is called POSITION. The 

code to draw a rectangle would be something of this kind (we will come back later on some new 

commands, at any rate their meaning is easy to guess): 

PENUP POSITION [200,200] PENDOWN 

POSITION [400,200] POSITION [400,300] POSITION [200,300] POSITION [200,200] 

  

Thus we obtain a rectangle with the horizontal side of 200 and the vertical one of 100. The "natural" 

code in turtle geometry would be: 

REPEAT 2 [ FORWARD 100 RIGHT 90 FORWARD 200 RIGHT 90 ] 

  

These codes draw both the same rectangle but what if the rectangle would be oriented along an 

oblique direction? In the case of the Cartesian code one has to calculate the new points coordinates, 

given the angle of the direction whereas with the turtle code just turn the turtle along the right 

direction prior to begin the drawing of the rectangle. 

  

Intrinsic versus Extrinsic - another example 

Another intrinsic property is illustrated by the turtle program for drawing a circle: go FORWARD a 

little bit, turn RIGHT a little bit, and repeat this over and over. Contrast this woith the Cartesian 

coordinate representation of a circle, . The turtle representation, REPEAT 360 

[ FORWARD 1 RIGHT 1 ], makes it evident that the curve is everywhere the same, since the 

process that draws it does the same thing over and over. 

  

This property of the circle, however, is not at all evident from the Cartesian representation. Try to 

modify in the same way the behavior of the two objects along the y direction: REPEAT 360 

[ FORWARD 2 RIGHT 1 ] and . In the turtle version you get a circle again, but 

with double diameter, in the Cartesian version you get an ellipse. So, the turtle representation of a 

circle is more intrinsic with respect to the circle concept than the Cartesian one. 

  



 

  

Local versus global 

The turtle representation of a circle is not only more intrinsic than the Cartesian coordinate 

description. it is also more local; that is, it deals with geometry a little piece at a time. The turtle can 

forget the about the rest of the plane when drawing a circle and deal only with the small part of the 

plane that surrounds its current position. 

  

By contrast,  relies on a large-scale, global coordinate system to define its properties. 

An defining a circle to be the set of points equidistant from some fixed point is just as global as 

using . The turtle representation does not need to make reference to that "faraway" 

special point, the center. This property of turtle representations is seminal about the basic ideas of 

differential calculus that are taught at the college level. 

  

Procedures versus Equations 

A final important difference between turtle geometry and coordinate geometry is that turtle 

geometry characteristically describes geometric objects in terms of procedures instead of equations. 

In formulating turtle-geometric descriptions we have access to an entire range of procedural 

mechanism (such as repetitions) that are hard to capture in the traditional algebraic formalism. 

Moreover it is very easy to modify a procedural description in turtle terms. This makes turtle 

geometry a fruitful arena for mathematical exploration. This is an extremely attractive feature for a 

system to be used in an educational context. 

 

 


