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Resumen

El Software y Hardware deben ser vistos como herramientas en el aula moderna,
indistinguibles en importancia y potencial creativo, como los son el lapiz y el papel.
Bloques de laortuga JS, un ambiente de programacion de bloques inspirado en Logo que
se ejecuta en un navegador, proporciona un micromundo facil de utilizar en el que los
estudiantes pueden explorar geometria, disefiar a través de iteracion, programar y depurar.
Los dsefios creados en el entorno Bloques de la Tortuga pueden ser descargados como
gréficos vectoriales simples (SVG) y posteriormente procesadas para impresion 3D,
transformando el disefio digital en una herramienta tangible y funcional. Los estudiantes
puedenutilizar el entorno Bloques de la Tortuga en conjunto con una serie de dispositivos
de fabricacién, incluyendo las impresoras 3D y cortadoras laser, permitiéndoles crear
artefactos cada vez mas complejas. En este articulo, presento el trabajo realizado co
Bloques de Tortuga JS en una academia de verano para jovenes de secundaria, asi como un
taller de fabricacion para nifios de 10 a 13 afios de edad.
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Abstract

Software and hardware should een as tools in the modern classroom indistinguishable
in importance and creative potential as the pencil and paper. Turtle Blocks JS,-a Logo
inspired, blockbased programming environment that runs in a web browser provides an
easy to use microworld inhich students may explore geometry, design through iteration,
programming and debugging. The designs created in Turtle Blocks can be downloaded as
simple vector graphics (SVG) and subsequently processed for 3D printing, transforming the
digital design inta tangible, functional tool. Students can use Turtle Blocks in conjunction
with a number of fabrication devices, including 3D printers and laser cutters, allowing them
to create increasingly complex artifacts. In this paper, | present the work doneuntith T
Blocks JS in a summer academy for middle school boys as well as a workshopp¥8r 10
year olds in a makerspace.
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|. Turtle Blocks and Classroom Fabrication
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programming and the designs the turtle can
learn the workings of geometry thiglu handson experimentation, debugging, and
iteration.

Turtle Blocks JS (https://turtle.sugarlabs.org) is a browssed implementation of

Wal ter Bender6s Turtle Blocks software proj
operating system. Being browseased, Turtle Blocks JS will run on any operating

system that includes a Java runtime environment. Work can be saved to a local drive

and transported to a different computer via a USB drive or other storage device, and
projects are also stored to thedbbrowser cache, so a student using the same computer

from class to class can expect her work to be available forterngprojects.

Turtle Blocks is based on the Logo programming language and includes the turtle and
Logo primitives such as forwardght, left, and down. When Turtle Blocks opens for
the first time and subsequently through th
the top of the window, a short introduction to the various palettes and the functions of
some individual buttons arexplained. A separate, rich set of documentation for each
block is being developed (Turtle Blocks documentation, 2015). Additionally, a guide
that includes "recipes" for constructing specific projects is under development (Turtle
Blocks Guide, 2015). Curent | 'y, t here are samples includ
accessible from the button on the far right of the top toolbar, then by clicking on the
globe icon and scrolling down. Each of these projects, which users can contribute to by
sharing their owrprojects, is remixable simply by opening it and making modifications
to the sequence or collection of blocks.
enOo
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Welcome to Turtle
Blocks

Turtle Blocks is a Logo-inspired
turtle that draws colorful pictures

with snap-together visual-
programming blocks.

Figure 1: The Turtle Blocks environment
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When | teach people how to use Turtle Blocks | provide minimal scaffolding, hoping to
encourage the ass to explore the software for solutions to the problems they encounter
trying to create a design. | teach the user how to connect blocks in order for the turtle to
execute a sequence of commands. | teach her how to disconnect blocks from one
another, bylicking the block she wishes to remove and dragging it downwards from

the stack. | also teach people how to name a procedure, by building the blocks within an
AActionodo stack and naming the stack, which
collection of hocks. | explain how to "erase" blocks by dragging them towards the
bottom of the browser window, which reveals a garbage can into which users can drop
unneeded blocks. When | facilitate a project with Turtle Blocks, | do not mention the
Worldwide examplesnor do | expect users to read documentation or the guide.
However, if a user begins to be frustrated, these resources, as well as my own
experience, are available for him or her to use to assist them in getting started.

Another lesson | always teach whiatroducing people to Turtle Blocks JS is the advice

of fered by Molly and Dan Watt, to Awal k you
corresponds to the path you want the turtle
1986). Asking the userto consciopusl move t hrough a plane, whil

number of steps you take, the direction in which you are heading, the sequence of the
instructions you are giving yourself to fol
& Watt, 1986) helps the student visualithe design she wishes to create, and provides

another context for learning geometry. As Paper assedsisistorms(Papert, 1980),

Al W] orking with the Turtle mobilizes the ch
dr aws on t ke tcahbilli dsbhse dweklglewimetl gg 6ofasohbody ar
for the development of br i ddiznggepnmetryan f or mal
terms a child can understand, namely through motion in space, it is possible to expose

young children to powerful mathematical ideas.

One context in which | have encouraged students to explore Turtle Blocks JS

programming is to createtaol to help them create art. Specifically, | have worked with

Wal ter Bender to add some bl ocks to the tur
blocks, to support the creation of 3D printed designs. | have created a workflow where

st udent s 6bedanstarnged isto 3D gonmted designs. These artifacts are tools

that allow the students to stamp modeling compound, like PlayDoh, or clay, to create

complex geometric figures and make tiles. The same workflow can be applied to using a

laser to etch orut a design. Both projects involve using Turtle Blocks JS to create a

tool. This tool then allows students to create art whose complexity would otherwise be
unattainable by them.

Personal fabrication, using 3D printers or laser cutters, is increasinghngnschools

and libraries, providing accessibility to tools that allow people to transform their digital
designs into physical models that exist in the real world. Digital design and personal
fabrication should be seen as an update to the 20th cewitational shop skills that

were once taught in American schools, like woodshop, metalshop, or pottery. These
tools allow for the fabrication of tangible artifacts using a variety of materials. In the

case of 3D printing, the material is oftentimes a ptdgament extruded under pressure

and heat to build up a design over layers. In the case of a laser cutter, a design is created
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through removing material, whether through cutting or etching the material with the
laser.

Designing a Turtle Blocks JS proeed to be 3D printed needs to take into

considerations the limitations of the device and the materials. The diameter of the

filament and the extruder itself should influence how thick of a line the turtle draws: if

the turtl eds | i epbysically impassibletfohtherprinteritdrepicateg ht b
the design. Additionally, the print area of the 3D printer dictates how large of a design

can be printed. Consider, too, the size of the person who will be using the design if
intendedtobeusedasashp: a small er, 5cm square desi g
and is less awkward for them to make a good impression that an 11cm square stamp. A
laser cutter has a higher resolution than a 3D printer, but other factors must be

considered. If the stamp too large, it is difficult to ink the stamp without special ink

pads. Similarly, a large stamp is difficult to even apply even pressure to stamp a good
image. When transferring a digital image to a physical tool, factor these considerations

into the degin choices.

II. Two Scenarios of Turtle Art and Fabrication in Learning Environments

In one two and a half hour workshop, held during a five day workshop in association

with a makerspace in a public library for eight students ages 10 to 13, students used

Turtle Blocks JS to create designs specifically to 3D print as stamps for PlayDoh. Two

of the students had previously used Brian S
others had exposure to blebksed programming through Scratch. The designstwere

be printed on a MakerBot Replicator in ABS plastic sized approximately five by five

centimeters.

Before the students started programming, | demonstrated how to define a procedure in

Turtle Blocks and brought to their attention the block named afterctien that Turtle

Bl ocks creates. The students were given th
of things that express over timeo before t
students were free to experiment to create their knowledge of tieasoby playing

with the blocks instead of following step by step directions how to create designs.

Students were encouraged to share with the group any discoveries they made about the
behavior of blocks, which was demonstrated to the class with thé amlLeD

projector and screen. Two girls worked closely side by side, creating different designs

but sharing discoveries. Students were not given a stop time, and worked on the design

until they felt it was finished. The students worked primarily withoutassistance,

though some ideas were clarified when they questioned me about how a block worked

or how a procedure to make a specific move might be constructed.

€
h
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Figure 2: The Action stack

A workshop for middle school boys taught at a private schoahglartwo week long
summer technology camp explored programming Turtle Block JS designs to be etched
with a laser cutter, a different fabrication technique than the other workshop. The intent
was to produce rubber stamps for stamping ink on paper. Thesntt had more

extensive experience with Scratch and were programmingddéd oe games before

my arrival. None had used Turtle Art or Turtle Blocks before. These students were
scaffolded with the same introduction to Turtle Blocks JS as in the 3D pgrintin
workshop, but without the prompt to express a design that expresses over time. They
were encouraged to create a design that was approximately four inches by four inches.
Otherwise, the path they took to create the design was entirely theirs to create.

The boys worked independently and with the exception of four of the fourteen students
worked independently, instead of collaboratively. The head instructor for the technology
camp participated as well and offered his assistance as needed to explaindgecrus
how to think about constructing a procedure.
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Figures 36: Laser Etching workshop

11 . Analyzing the Studentsd Work

Turtle Blocks JS encourages an iterative
procedures and programming. When Turtle Blocks JS first loads, there is simply a
AStarto block on the workplane. I n order

what theblocks do, how they can be combined, and what kinds of designs are produced
when blocks are connected. Blocks can be so easily added to an existing stack, and
existing stacks can be so easily disassembled and reassembled in different sequences.
Programmersan easily see the difference a change in the sequence of blocks might
produce by how the design is affected by block sequence, flow, pen color, or other
combinations of blocks. For people new to Turtle Blocks JS, the first designs created
often emerge &m serendipitous combinations of blocks that are arrived at through
iteration on an initial sequence. When a combination of blocks does not produce the
design the user has in her or his head, it is easy to tinker with the blocks until the
desired design,rgperhaps a different design, emerges. In fact, the first designs that

many young programmers create emerge without an understanding of exactly what
moves the turtle is making, or the particular sequence of moves and how that affects the
design. Rather, thnonscaffolded approach where the user is permitted to create
knowledge of how the turtle works provides the context for wanting to learn what the
blocks do. After creating an initial design through chance, the user typically seeks to
understand how a pgacular sequence of moves created the design so she or he can
perhaps replicate the design on somebody
thinking about the sequence of blocks and moves allows the user to begin constructing
new designs with a lter understanding of how particular turtle moves can be

combined. The realization that repeating a design while moving on the Cartesian plane
between each repetition of the design makes the concept of the Cartesian plane concrete
to young users. While itial designs programmed in Turtle Blocks JS might emerge
entirely by a chance sequence of blocks, the ease with which blocks are manipulated
and resequenced encourages design through iteration, repetition, and movement on the
Cartesian plane. These areywenportant concepts in geometry, taught in this case
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through the student constructing knowledge of geometry from the workings of the
turtleds movement s.

Properly taught, Turtle Blocks JS encourages an algorithmic approach to programming.

Brian SilvermanConstructing Modern Knowledge Faculty, 2015), in a conversation,
characterized algorithmic thinking as dl ear
express over time.o | f students are prompte
opportunity to creata sequence of turtle moves that change over time, the concept of

creating a pattern that changes as the program runs is made concrete to the

programmers.

Students at the library workshop were quickly able to create procedures after prompted

to fAl etad nexhprwess a sequence of things that
concept of a design created by rotating a simple shape came easily to these students
despite all of them being inexperienced with Turtle Blocks.
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Figures 711: Student oyut from the Library workshop
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The students were instructed to add a few blocks that were created for 3D printing the

designs. First, they added a No Background block to the top of their main procedure.

Generally, a pen size of 15 is also necessary tauatdor resizing the design for 3D

printing and to make sure the line is wide enough for the 3D printer to produce. In order

to work around Tinkercadés interpretation o
Line block is added before the turtle begins dnawLikewise, toward the end of the

main procedure a End Hollow Line block is added. Finally, a Save SVG block, with a

title added for clarity, is added to the end of the main procedure to save the design.

Figure 12: Using the Hollow Line blocks

Next, students were instructed how to import the SVG file into Tinkercad
(https://tinkercad.com). Typically, importing the design at 25% and 10mm tall produces
a design that is workably sized. The design can be further resized depending on the
desired size ofhe 3D print. A 1mm tall base is added below the design, which is sized
to be 1.75mm tall. This way, when used, there is not enough depth for the modeling
compound to get stuck in the design but there is enough relief to the design that a good
impression igossible. Sized at approximately 5cm x 5cm x 1.75mm, these tiles 3D
printed in about eight minutes.
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Figure 13: Importing a design into Tinkercad

Because some students had not yet been trained how to use the 3D printers and did not
have the necessawaivers signed, | ran the 3D printer. The students used a shared
Tinkercad account of which | was the owner, and | downloaded their models to a laptop
connected to the 3D printer. Additionally, | managed the software for the 3D printer as

well because ofisnilar liability issues.
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