
Pi with Sugar and turtles as a learning tool

 Sugar and  
 Spice
Despite its popularity elsewhere, the Raspberry Pi is first and foremost an 

educational tool designed with primary and secondary students in mind. We 

look at how teachers can make the Pi fulfill this role with the help of the Sugar 

Educational Desktop and turtle graphics. By Paul C. Brown

teacher and help my students? How dare 
you!” However, I assured her that was not 
the aim of the course. Instead, it shifted ma-
terial creation from teachers to students; 
hence, it was the students who were ex-
pected to learn how to program, not the 
teachers. 

Squeak belongs to the realm of tools cre-
ated to make student-centered education a 
reality. As such, these tools are meant to 
stimulate guided discovery. The teacher in-
troduces the tools to the students and, at 
some stages, helps out if they get stuck, but 
for the most part, students should discover 
how to carry out tasks using the tools by 
themselves. Often, some students will end 
up knowing more about the tools than the 
teacher, and that’s just fine in any student-
centered classroom.

This approach flies in the face of what 
most information technology (IT) teachers 
and current national curriculums say should 
be taught. IT courses in schools concentrate 
on teaching tools for tools sake and the 
teacher’s role is that of the dispenser of 
TRUTH. Teachers don’t teach how to write, 
they teach the different options on Word 
menus; they don’t teach accounting, they 
teach Excel functions.

The problem with this approach is two-
fold: First, it is not generative. As soon as 
students move to a different environment 
with different options, or the same options in 

When the local Andalusian gov-
ernment in Spain decided to 
do away with Windows and 
the pseudo-interactive, rote-

teaching software it ran and kit out all school 
computers with Guadalinex Edu (an Ubuntu-
based Linux distro geared toward education), 
I was drafted as a teacher trainer to show 
school staff how to use some of their new 
tools.

My area of expertise at the time was 
Squeak, the Smalltalk implementation that 
came with Etoys, an educational layer atop 
Squeak that let students create scripts by 
dropping Lego-like blocks onto a workspace 
and snapping them together. If this sounds 
familiar, that’s because Squeak was further 
developed into Scratch, the educational pro-
gramming language that comes preinstalled 
in most Raspberry Pi operating systems. 

As usual, I saw a certain amount of resis-
tance among the teachers who were being 
forced to move beyond their comfort zone. 
One of them in particular was taking it espe-
cially badly and at one point exploded: 
“What am I expected to do now, learn how 
to program?!??!”

From Teaching To 
Problem Solving
On the inside I was unsympathetic, interpret-
ing her attitude as “You want me to learn 
something that might make me a better Le
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a different 
place, or en-
counter a different 
paradigm (e.g., move from Windows to 
Linux or MS Office to LibreOffice), they hit a 
brick wall. Second, most of the functions of 
most applications are meaningless if they are 
not learned within the context for which they 
were designed. With a bottom-up, learn-
about-tools approach, students become but-
ton pushers instead of resourceful computer 
users and problem solvers (see the “Problem 
Solvers” box).

The focus for the teacher, therefore, 
should be top-down – that is, setting the 
tasks and then letting students complete 
them with the Pi and its software and any 
other means the students deem necessary. 
To achieve this successfully, teachers on one 
hand need a working knowledge of the tools 
available so they know what is possible. As 
mentioned before, the teacher doesn’t nec-
essarily have to know everything about the 
tools, just enough to know how to start to 
solve the tasks set. On the other hand, the 
teacher also has to know the students well 
enough to choose tasks relevant to their 
lives and at the right level so that the proj-
ects will be challenging enough to engage 
the pupils.

raSPberrieS aS Teaching 
ToolS
The Raspberry Pi was designed precisely to 
be this sort of teaching and learning tool. 
The hardware is cheap and durable enough 
to be entrusted to students and small enough 
to be moved out of the computer lab. Addi-
tionally, the operating system and applica-
tions are generic and flexible enough to 
allow students to do whatever they want 
with them, as long as they solve their tasks.

However, I’ve found one set of tools miss-
ing from the default set provided with the 
Rasp Pi, and that is the Sugar Educational 

Desktop [1]. Fortunately, it is easily installed 
from the repositories with

sudo apt‑get update

sudo apt‑get install education‑desktop‑sugar

Be warned that what follows is a loooong in-
stall, and the suite will eat up about 500MB 
on your SD card.

Sugar (Figure 1) was originally designed at 
Sugar Labs as the default graphical environ-
ment for the One Laptop Per Child project 
and implements many solid educational cri-
teria. Once it’s installed, you’ll find an emu-
lator in the Education submenu of Raspbi-
an’s LXDE desktop. If you would prefer to 
run Sugar full screen, type

sugar‑emulator ‑f

from the command line (also see the “Sugar 
on Pidora” box).

If you would prefer to run a standalone 
Sugar platform (this will make it snappier), 
log out from LXDE, type your username in 
the login text box (default is pi), and click 
and hold the left button on your mouse on 
the drop-down list that says Default Xsession 
to bring up a list of possible desktops. Still 
holding your left button, move your pointer 
down to Sugar and let go. Next, click the 
Log-in button, input your password (the de-
fault is raspberry), and click the Log-in but-
ton again to start the Sugar educational envi-
ronment for you.

The Sugar “desktop” really isn’t a desktop 
at all. The designers and educators in charge 
of developing the environment couldn’t 
come up with any solid reason for imple-
menting the traditional desktop metaphor for 
the classroom, so they scrapped it altogether 

The aim of tools like Squeak and 
Scratch is not really to have stu-
dents “learn” them. These tools 
are a means to an end. As an ex-
ample: You’re teaching the 
water cycle to 11-year-olds in 
you science class. You could 
have students use Squeak, 
Scratch, or something else to 
create an animated presenta-
tion, complete with flowing riv-
ers, evaporation rising from the 
ocean, drifting clouds, and fall-
ing rain. The project could be 
developed during science class 
time or, even better, the science 
teacher could work with the IT 
teacher so that both subjects 
achieve more meaning. How 
students go about developing 
their project, once having been 
introduced to the tools and hav-
ing worked on some sample 
projects, is completely up to 
them. You can offer advice or re-
mind them about the means 
they have at their disposal, but 
how things evolve from there is 
open-ended, and the students 
should be in control.

Problem SolverS

Figure 1: The Sugar start screen shows a ring” that allows students access the different activities 

and tools.
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find the activity challenging enough to make 
it engaging. As a warm-up, you can ask your 
students to draw their ideal house on a piece 
of paper with colored pencils or crayons. 
Then, put up a picture of your own “ideal 
house” on the board, which is the house I 
described above (Figure 3).

To get students started, have them click on 
the tortoise icon on the home screen to open 
TurtleArt. Along the top of the screen is a 
menubar with different icons. Although 
these should be self-explanatory (the scissors 
are for cutting, copying, and pasting; the eye 
lets you adjust the display area; etc.), mous-
ing over an icon will bring up a text hint and 
more options that can be accessed with that 
choice. By the way, this behavior is a com-
mon feature in Sugar, along with mouse-sen-
sitive corners (see “Navigating Sugar” for a 
more in-depth explanation of this feature).

For the time being, though, you are inter-
ested in the next toolbar down, which holds 
the blocks with which you can build your 

and went with an activity-geared environ-
ment instead. In Sugar, you can only open 
one “activity” (application) at a time, and all 
your work is saved in the Journal, accessible 
through the notebook icon.

The activities are represented by the icons 
displayed around the circle and X that identi-
fies the student in the center of the window. 
You can browse a list of extra activities by 
clicking the menu icon in the top right of the 
screen (Figure 2) and add new activities to 
the ring by clicking on the stars to the right 
of each item. Choose, for example, the Phys-
ics activity and then click on the circle with a 
dot in the center at the top right of the screen 
to return to the ring and see how this works.

As a side note, you can install more activi-
ties from the Sugar Labs website [2], but 
what you have installed is fine for the mo-
ment.

laying The FoundaTionS
As an example of how to use the Raspberry 
Pi and Sugar in a classroom context, imagine 
you are teaching a group of 8- to 10-year-olds 
how to draw a house on their computer 
screen using turtle graphics (see the “Turtle 
Graphics” box). This activity might seem ri-
diculously easy to complete, but the process 
by which you will lead a group of young stu-
dents with zero knowledge of programming 
to creating a script that will do the job is any-
thing but simple.

Each house must have at least a square 
front wall, two windows with four panes 
each, a rectangular door, and a triangular 
roof. As mentioned previously, this task is 
good for students in the 8- to 10-year age 
bracket; the younger students will find this 
activity quite difficult, will need more hand-
holding, and will have to take more things as 
an article of faith (something most kids this 
age are fine with). The 10-year-olds will still 

Figure 3: Your “ideal house,” which students have to 

draw using Turtle Blocks.

Figure 2: The list view allows you to choose from all the activities installed.

When you string several blocks together, you 
can move them around (and out of the way) by 
clicking, holding, and dragging on the topmost 
block. You break off pieces of script from the 
bottom up and from right to left. So, if you 
wanted to extract a certain block from the mid-
dle of a script, you would click, hold, and drag 
on the block you wanted to extract. This action 
will break of all the blocks from that block 
downwards. Next, you click, hold, and drag on 
the block immediately below it to break off the 
rest of the blocks you don’t need. You can then 
drag them back to the original script, leaving 
the block you needed to decouple on its own in 
the workspace.

TiP: Breaking Scripts Apart

You can also run Sugar on Pi-
dora, the version of the Fedora 
Linux distribution for the Rasp-
berry Pi. Pidora is a natural 
choice for Sugar because Fe-
dora is the distro used for the 
default Sugar implementation.

To install Sugar, start the default 
Xfce desktop, open a terminal, 
type su, hit Enter and input your 
root password. Then enter

yum update

yum install ‑‑skip‑broken 

sugar‑*

to install all the necessary soft-
ware.

If you now log out from Xfce, 
you can pick Sugar from the 
drop-down menu below the 
password text box in the login 
screen.

The Sugar environment sup-
plied by Pidora is more up to 
date and has more functionality 
than the one supplied with 
Raspbian. For example, the 
Neighborhood, which allows 
students to communicate and 
share with other Sugar users on 
networks nearby, works out of 
the box.

The downside is that Pidora still 
runs very slowly, and it is frus-
trating to click on an option and 
wait 10 seconds or more for it to 
register on the screen. This is 
not advisable for kids with short 
attention spans and little pa-
tience (i.e., all of them).

Hopefully, future versions of Pi-
dora will be better optimized 
and Sugar will work more 
smoothly.

Sugar on Pidora
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scripts. The blocks are grouped into what are 
called palettes (Figure 5), and exploration is 
the key here. 

At this point, you should let your students 
play for a while so they learn their way 
around. You can always get back to a clean 
slate with the turtle in the center of the 

screen by dragging out and double-clicking 
on the clean block in the Turtle commands 
palette.

Once students have the basic hang of 
things, you can gradually get to the job of 
drawing a house by setting tasks that incre-
mentally grow the students knowledge.

One way would be to set the following 
tasks:
1. Draw a vertical straight line (a “wall” – in-

troduces the forward block).
2. Draw a horizontal straight line (the “floor” 

– introduces the right and/ or left blocks).
3. Draw two unconnected parallel “walls” 

(introduces pen up and pen down blocks).
4. Draw a straight angle in one go (introduces 

combining commands to make scripts).
5. Draw a square (introduces loops via the re-

peat block).
6. Draw 40 squares, one inside the other; the 

first must measure 400, the second 390, 
the third 380, and so on, as shown in Fig-
ure 6 (introduces the concept of nested 
loops and variables – known as boxes in 
TurtleArt parlance).

Now your students have the knowledge they 
need to draw the house. One way to start is 
with a “main” routine in which you can set 
the size you want for the house and then call 
the subroutine house, which does all the 
work:

Figure 4: Moving the cursor to a corner reveals more options.

Turtle graphics is a learning tool comprising a 
robot and a controlling computer. Originally, a 
robot turtle was set on the floor and directed to 
move according to instructions typed on the 
computer. The instructions manipulated the di-
rection the turtle faced and the number of 
steps the robot advanced. Eventually, the turtle 
moved from the physical world to the com-
puter screen, where simple instructions could 
be combined to create complex images 
through the manipulation of three aspects of 
the turtle (now, the cursor): location, direction, 
and a pen with attributes (up, down, color, 
etc.).

Logo is an early turtle graphics language. A di-
alect of Lisp, Logo was developed in the 1960s 
as a tool for self-directed learning. The modu-
lar language allows new concepts (e.g., flow-
ers, house) to be created from existing “primi-
tives” and defined modules (e.g., square, trian-
gle, swirl, spiral). Many versions of logo exist, 
including compiled, parallel, and massively 
parallel versions. 

Scratch, which is included in most Rasp Pi dis-
tros, is a version of logo released in 2004 that 
uses on-screen interlocking “blocks” to help 
with the logical development of a program. 
Logo and its derivatives are modular, extensi-
ble, interactive, and flexible, encouraging ex-
perimentation and problem solving.

TurTle graPhicS

Apart from the menus that are 
visible in each screen, more op-
tions are hidden away around 
the edges of the screen. If you 
take the cursor to any corner, a 
black border appears with sev-
eral other icons (Figure 4).

In the top left-hand corner, for 
example, are four circles. The 
leftmost, with many dots, repre-
sents the Neighborhood (i.e., 
the community of other Sugar 
installations on nearby net-
works). The next circle, with just 
three dots, represents Groups; 
you can organize your students 
in groups to carry out and share 
tasks with this option. The circle 
with the single dot in the center 
always takes you back to the 
home screen, and the circle with 
a rectangle takes you to a list of 
activities. The notebook icon 
opens the Journal.

Toward the top of the right edge 
is the user symbol, which allows 
you to shut down, log out, or ad-
just the settings. Whatever you 
copy to the clipboard appears 
along the left edge, and at the 
bottom, on the right, you can 
adjust the volume and network 
setting, if available. 

navigaTing Sugar
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To draw the door, you first have to move 
the turtle along the baseline of the front wall 
and then draw a square one third the size of 
the wall.

Next, you can run the windows routine, 
which first moves the turtle up the front wall 
and slightly to the right, as shown in the fol-
lowing:

Then, call the window subroutine. This sub-
routine draws four small squares around the 
turtle, offset 90 degrees from each other.

The house routine then makes sure the pen is 
down, sets the color, and creates a new box 
(which makes things simpler down the line):

The front routine draws the front wall,

which in turns calls the square routine. This 
is a separate routine, because it will be used 
a lot.

Figure 5: The TurtleArt blocks are organized in “palettes.”

Figure 6: Nested loops.
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The window subroutine then moves the turtle 
to the left and draws another window.

Finally, roof moves the turtle to the upper 
left-hand corner of the wall and draws a tri-
angle on top of the house.

This is just one way of completing the 
task. Any other solution your students come 
up with should be considered correct as long 
as it gets the job done, but you should help 
them improve their solutions if they are too 
long or confusing.

As a follow-up, younger students can print 
and color their pictures and work on their 
own designs. More advanced students 
should try to program their own “ideal 
house” from their hand-drawn pictures or 
add more details to the base house drawing, 
like a chimney and smoke or maybe a garden 
with some trees.

concluSion
Consider for a moment what students this 
age can learn from this exercise. They will 
learn about angles and how to carry out 
arithmetic operations with symbols, and they 

will have to exert logic and learn how to 
break problems down into smaller parts to 
solve them (the top-down approach men-
tioned earlier). If you put them in pairs or 
groups of three – something I wholeheartedly 
recommend – they will learn how to cooper-
ate with one another and learn from their 
peers. The usefulness of tasks like these can-
not be stressed enough.

The Raspberry Pi was originally designed 
for education and, although the seminal edu-
cational environment working correctly on 
the Pi is a bit hit and miss, Sugar just seems 
the right fit for the Raspberry Pi. The solid 
educational criteria that went into the design 
of Sugar matches the intent of the Pi’s origi-
nal creators perfectly. Even teachers on tight 
budgets can take advantage of the perfectly 
good hardware and the first class educational 
software the Raspberry Pi provides.

In future ar-
ticles, I’ll ex-
plore more uses 
of the Raspberry 
Pi as an educa-
tional tool and 
look at more practi-
cal ways it can be 
used in your class-
room.  ● ● ●

[1]  Sugar Labs:  
http://  sugarlabs.  org/

[2]  Sugar activities:  
http://  activities.  sugarlabs.  org
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