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In an effort to sustain and revitalize the dying craft of wire-bending, I present the
development of three novel approaches: Digital Crafting, Computational
Crafting, and Crafting Fabrication. Computation and digital technology were
integrated with traditional wire-bending principles to design and fabricate
artifacts. In this work, I present three artifacts resulting from these novel
approaches, and analyze how these methods may be used in design education and
practice. Our findings benefit the practice because it offers opportunities for
teaching computational and traditional skills to older and younger generations
through wire-bending.
Keywords: wire-bending, Bailey-Derek Grammar, craft, computational design,
fabrication
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INTRODUCTION
Traditional craft cultures and practices are disappearing due to globalization, commercialization, and
techno-centric developments [1]. There has been increasing concern around the world about the decline
and potential disappearance of culturally signiﬁcant,
traditional craft practices in Trinidad and Tobago, Singapore, Japan, and Indonesia, just to name a few.
Scholars have been looking to craft as a teaching tool,
leading to the introduction of crafting as a methodology for teaching electronics, programming, and tool
development (Rosner and Ryokai 2009; Buechley and
Perner-Wilson 2012; Buechley and Eisenberg 2009;
Jacobs and Buechley 2013; Zoran and Paradiso 2013).
This paper focuses on how preservation, education,
and practice in the traditional craft of wire-bending
can beneﬁt from computational methods.

Wire-bending is a "specialized art, combining elements of structural engineering, architecture, and
sculpture" to create two-dimensional (2D) and three
dimensional (3D) forms [2]. This practice was developed in the 1930s in carnival in Trinidad and Tobago.
It became "one of the most highly developed of the
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carnival crafts" (Crowley 1956). In this practice, wire
and other thin, ﬂexible strands of material are bent
with hand tools and assembled to create structures
(Figures 1 and 2). Wire-bending however, is on the
decline due to old artisans retiring or dying, the slow
rate of transmission of knowledge, the younger generation's love of technology, and the craft's laborintensive nature (Noel 2013). This project begins to
demonstrate ways of reinterpreting a traditional craft
to integrate computation and digital technology. It
builds on crafting as a methodology for the development of culturally-relevant computation in design
education, practice, tools, and methods. It does
not attempt to replace a traditional practice with a
techno-centric one, but instead endeavors to explore
how wire-bending could beneﬁt from computation;
address waning interest by the younger generation;
and investigate the possibilities for design education
between craft and computation.

In traditional wire-bending, as with many other traditional crafts, knowledge is mostly tacit - residing
in the expert, with little separation between design
and fabrication. Designers usually have the ability
to materialize their ideas without externalization via
sketches or drawings. This is the case with expert
wire-benders Albert Bailey, and Stephen Derek. During my ﬁeldwork and interviews in 2013, I observed
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that Bailey uses wire like a pen or pencil, materializing
his design ideas in wire without the use of drawings
or sketches as representations for design or fabrication. Derek sketches his design ideas on paper, but
his knowledge on which materials and connections
to use during fabrication of the artifact remains hidden. These wire-benders use their mental repertoire
of connection details, their palette of tools, and materials, to fabricate these wire-bent structures (Figure
3). This lack of externalization is a factor in the slow
rate of transmission of this knowledge.
A second reason for the craft's decline is its laborintensive nature. Historically, most wire-benders in
the Trinidad Carnival have been men. One reason
for this may be the manual strength and dexterity
needed to bend, cut, and clinch wires and other components. Currently a lacuna of women, children,
and the physically inﬁrmed exists in traditional wirebending. A third reason for the craft's decline is the
younger generation's love of technology. A large percentage of youths today are familiar with, and enjoy
engaging with digital technologies like computers,
gaming programs, and smart phones to name a few.
Traditional wire-bending is a low-tech practice with
little to no opportunity at this time for using computers or other digital technologies.
Through this project I will attempt to ﬁnd answers to the following questions: How can computation aid in making wire-bending more inclusive, addressing the lack of participation by women, children,
and the physically inﬁrmed? How can computation
address the labor-intensive nature of the craft? How
can the younger generation's interest in, and familiarity with digital tools, and technologies be used to
revitalize interest and participation in wire-bending?
My experiences in traditional craft, the cultural design practice of Trinidad Carnival, computational design, and education motivates this work on craft practices, computation, and technology. To my knowledge, no established pedagogy on wire-bending or
design computation exists in the Republic of Trinidad
and Tobago (Trinidad and Tobago). This project explores ways of integrating computation, digital de-

Figure 2
Large dancing
sculpture in the
Trinidad Carnival
constructed using
wire-bending
principles. Photo
(C) 2010 Vernelle A.
A. Noel. (Noel
2015). Image
republished with
permission.

Figure 3
The traditional
wire-bending
process.

sign, and technology in a culturally-relevant manner
into craft cultures to aid in their sustainment, revitalization, and advancement.
The organization of this paper is as follows. This
section gives a brief introduction and background
to the problem, and the practice of wire-bending.
Section 2, presents related work that merges and
(re)conﬁgures traditional models of practice using
computational approaches. In Section 3, I introduce
three (3) crafting methodologies - Digital Crafting,
Computational Crafting, and Crafting Fabrication for making artifacts based on wire-bending principles. In Section 4, I present the results of these approaches. Section 5 concludes the paper and outlines future work.

RELATED WORK
In a previous study, Noel developed the BaileyDerek Grammar, a computational design tool that describes the materials, connections, rules, and steps in
wire-bending from Trinidad and Tobago (Noel 2015).
This design tool was developed to aid expert wirebenders in their practice and teaching; to provide a

means through which designers, sculptors, and others interested in wire-bending can begin to understand the craft; and to teach computational principles in a culturally-relevant manner (Figure 4).
In Muslimin's study of a parametric approach to
fabrication for traditional ceramics, he tests the use
of digital modeling and CNC routers to directly fabricate negative molds, in lieu of traditional moldmaking processes. He also reconﬁgures fabrication
devices based on digital methods of transformation,
illustrating the versatility of computation in the form
of visual embedding and shape grammars (Muslimin
2013). In his work on weaving, Muslimin analyzes
tacit knowledge embedded in traditional weavers to
develop computational design rules, and combine
traditional principles with digital tools. Through this
investigation into traditional weaving he develops a
new assembly system and a weaving grammar, extending the language of architectural weaving (Muslimin 2010a; 2010b; 2014). In his work on hybrid basketry, Zoran attempts to merge the digital and the
traditional by using hand weaving techniques to lace
reeds through 3D printed structures he digitally de-

Figure 4
Application of the
Bailey-Derek
Grammar in the
wire-bending
process.
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signed and fabricated (Zoran 2013). In another work,
he develops a handheld digital milling device that
enables carving of digital 3D objects out of physical material (Zoran and Paradiso 2013; Zoran and
Paradiso 2012). Schulte et. al. attempts to reclaim
the forgotten technique of steam bending through
digital steam bending, design, and form generation
(Schulte et al. 2014). These previous studies relate to
mine in their application of computational and digital strategies in traditional crafts, combining the digital and the traditional, and attempting to revive historical techniques.

CRAFTING AND COMPUTATION
In this work I shall describe Digital Crafting as the
reinterpretation of a traditional craft by using digital processes and technologies in making artifacts.
This includes employing digital programs for design,
optimization, and automation, and CNC machines
such as 3D printers or CNC routers for digital fabrication. It does not currently include the assembly process. Design in digital crafting comprises discrete descriptions and steps, such as shapes, numbers, or words (code). Muslimin's work in ceramics
mentioned previously would be an example of this

category of work. Computational Crafting, I deﬁne
as the employment of low-tech tools and processes
from a traditional craft, in the design and fabrication
of artifacts. Noel's previous work demonstrating application of the Bailey-Derek Grammar is an example
of work in this category. Lastly, Crafting Fabrication
is the use of digital and non-digital tools, processes,
and technologies from a traditional craft, in the design and fabrication of artifacts. It is an attempt at a
hybrid process that captures the aﬀordances of crafting traditionally, computationally, and digitally. Zoran's work on weaving, and Schulte et al. work in
steam bending are examples of this category. The
following experiments explore how the traditional
craft of wire-bending might be sustained and revitalized through a computational approach, for application in education and practice.

Experiment 1: Digital Crafting
The ﬁrst experiment attempts to use digital approaches and technologies in the (re)conceptualizing
of wire-bending. This experiment was motivated
by my desire to develop a piece of software for the
design and fabrication of artifacts using points and
Figure 5
Steps the author
went about in
developing the
Digital Crafting
Method.
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lines. The software (program) would take a digitally
modeled surface as input, and generate 3D geometry (lines and points) needed for its fabrication. Tools
and materials included a computer, Rhino3D software, RhinoPython, a 3D printer, tape measure, and
wooden rods. Firstly, I designed 3D connections to
receive rods (wire or wood), then modeled them in
Rhino 3D. I took note of each step taken to model the
connections, researched examples of algorithms in
RhinoPython, then wrote my own algorithms to automate the process. To begin developing the algorithmic script, I had to ﬁnd out which digital tools (commands) were available to me. I tested each one of the
875 commands available in RhinoPython to understand their functions, variables, inputs, and outputs.
Just as crafts persons would familiarize themselves
with the tools available to them, and understand how
they work, I did the same. The ﬁnal program does the
following:
1. Generates points and lines on a surface according to the resolution desired by the user;
2. Generates the geometry for connections according to user requirements;
3. Labels the connections; and
4. Outputs line (rod) lengths needed for fabrication.
The Digital Crafting method illustrated in Figure 5,
takes a 3D model of an artifact as input (step 2). By
changing variables in the algorithm, users can generate several design options (Step 4). After users have
chosen their desired design for fabrication (step 5),
the 3D connections are generated, and 3D printed

(steps 6 and 7). All the components are then assembled to create the ﬁnal artifact.

Experiment 2: Computational Crafting
The second experiment combines the Bailey-Derek
Grammar, and traditional wire-bending techniques.
Tools and materials included 18-gauge wire, a tape
measure, pliers for bending and cutting, a felt pen
for marking, masking tape for adhesion, and a 2D
template of the design. The Computational Crafting
method illustrated in Figure 6, began with drawing
a template as a guide for bending the wire (step 1). I
used my hands and tools (step 2), to bend, smoothen,
and manipulate wires so they followed the outline on
the template. As wire was bent along the outline,
masking tape adhered bent segments to the template, so it would keep its shape. After bending all the
longitudinal and transverse wires, I assembled the artifact. The Bailey-Derek Grammar provided the instructions needed to make the connections needed
for assembly (steps 3 and 4).

Experiment 3: Crafting Fabrication
The third experiment combines digital and nondigital tools, processes, and technologies. Tools and
materials included 1/16" diameter steel wire, a computer, Rhino 3D software, tape measure, pliers, a felt
tip pen, masking tape, and a CNC wire-bender. The
Crafting Fabrication method, illustrated in Figure 7,
began by drawing 2D outlines of the design in Rhino
3D (step 1). These drawings were exported, then
opened in the DiWire interface to work with the CNC
wire bender. Points on the line had to be edited be-

Figure 6
Steps involved in
the Computational
Crafting Method.
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Figure 7
The Crafting
Fabrication
Approach.

fore sending to the CNC wire bender (steps 2A and
2B). Since the resolution of the curve in Rhino 3D was
higher than that able to be bent by the CNC wire
bender, some points had to be deleted and others
moved until the new line was a best ﬁt to the original.
Straight wire was inserted into the machine where it
was bent according to the design (step 3). Each piece
of wire was cut and closed to form a loop with masking tape. All the components were then assembled
to form the artifact with the Bailey-Derek Grammar
providing fabrication instructions (steps 4, 5 and 6).

RESULTS
In this project, I develop three approaches to the traditional craft of wire-bending: Digital Crafting, Computational Crafting, and Crafting Fabrication.
In the Digital Crafting approach, I reinterpreted
traditional wire-bending. I digitally modeled 3D connections and forms, wrote algorithms, and digital
fabricated an artifact (Figure 8). I used 3D modeling
skills to design and model the connections. In order
to design these connections, I referred to previous
literature and documentation on wire-bending in
Trinidad and Tobago, and searched for other projects
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online. I designed algorithms to automate the generation of the connections and output information
needed for fabrication; used a 3D printer to digitally
fabricate the connections; measured and cut rods;
and assembled the artifact (See [3]).
In the Computational Crafting approach to wirebending I drew the lines for my design in digital design software (Rhino 3D) to create a template; bent,
measured and cut wires with hand tools; and followed instructions on wire-bending based on the
Bailey-Derek Grammar [See 4]. In addition, after fabricating and assembling the artifact, I documented the
steps taken so the processes and knowledge could be
shared with others (Figure 9). I employed my knowledge of shape grammars and computational design,
to illustrate the rules and steps used to fabricate the
artifact.
In the Crafting Fabrication approach, I drew lines
for constructing the artifact in digital design software, measured and cut wire; used a CNC wirebender to digitally fabricate those lines; and followed
the instructions shown in Figure 9 to assemble the artifact. (See [5] and [6]).

Figure 8
Artifacts resulting
from 3 diﬀerent
approaches to
crafting in
wire-bending.

Figure 9
Instructions for
fabricating the
artifact.
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DISCUSSION AND FUTURE WORK
This project set out to investigate how education and
practice in the traditional craft of wire-bending could
beneﬁt from computational methods to address sustainment of the craft, the younger generation's love
of technology, and the labor-intensive nature of the
practice. The skills that can be taught using these
three (3) approaches to wire-bending are shown in
Table 1, while the ways in which the practice beneﬁts
from this integration is highlighted in Table 2.
The ﬁndings suggest that the Digital Crafting approach to wire-bending can be used to teach 3D
modeling, programming, knowledge sharing, and
digital fabrication. Designers and students can learn
design computation, apply it in the cultural practice of wire-bending, carnival, architecture, and other
possibilities extending beyond its current applications. Digital crafting can also encourage dialogue
between traditional wire-benders, and the computational generation since the expertise and knowledge
of traditional experts can inform computational techniques to develop the novel. This assembly process
in Digital Crafting was not very labor-intensive, beginning to create a space where women, children,
and the inﬁrmed can participate. One limitation of
this method includes the limited sensory engagement between the crafts-person and the wire, as little to no actual bending and manipulating of wire
occurred. Another limitation is the inability to make
design changes during fabrication, since the components are discrete and design changes must be made
earlier in the process.
Results from the Computational Crafting approach to
wire-bending illustrate that the method can be used
to teach students traditional techniques, computational thinking, and experience sensorial engagement with their materials and tools. They can also
practice dexterity, learning much from the ﬂow of
materials and tools (Ingold 2013). Students can learn
to appreciate the skill, innovation, and history of the
craft, and those who created it, to inform the future,
and the sustainability of the craft. The computational
crafting method acts as a mediating artifact through
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which older experts and the younger generation can
share knowledge between each other. Older experts
can teach novices how, why, and when they make
certain connections while computationally minded
designers can demonstrate the beneﬁts of externalizing this knowledge. Figure 9 can be used to teach
others how to fabricate an artifact, giving experts
more time to deal with invention rather than convention, and increase the rate at which this knowledge is
shared.
Results from the Crafting Fabrication approach
to wire-bending show that it can be used to teach
digital drawing and representation; traditional wirebending techniques; and how to use CNC machines
and hand tools. Employing the CNC machine reduces the labor-intensive nature of bending by hand,
thereby opening up the practice to those with physical limitations. This approach is also a mediating artifact for youths to teach older experts how to draw
lines on the computer, and bend them with the CNC
desktop machine. Because of the experts' experience
with tools and machines, they may be able to create
novel ways of using the wire-bending machine in collaboration with the younger generation.
Employing these computational tools and methods in this culturally relevant manner can be an avenue through which users explore design in carnival,
architecture, and art. These approaches can begin to
develop research and design curricula around craft,
computation, and digital technology through wirebending, dancing sculptures, architecture, and carnival. Reddy says, "if the language skills and the habit
of engaging in reconstruction are not [...] preserved,
then there will be no culture" (Reddy 1993). The approaches to crafting that incorporate computation, illustrated above, can beneﬁt preservation, education,
and practice in the traditional craft of wire-bending
since it describes wire bending with diﬀerent methods: algorithms, drawings, and computations. Having access to these varied approaches is important for
sustainment and (re)conﬁguration of the craft for design practice and education.
Some questions to be addressed in future work

Table 1
Skills that can be
taught through
these 3 approaches
to crafting in
wire-bending.

Table 2
Aﬀordances of the
diﬀerent
approaches to
crafting in
wire-bending.
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are: How can classifying materials for application in
the Bailey-Derek Grammar extend the grammar, and
inform design practice, education, and innovations?
How can classifying tools and methods for design
and fabrication lead to hybrid systems? How can
the structural properties of these connections be embedded visually in designs? Which of the three approaches facilitates deeper cognitive processing in
expert wire-benders, and novices? Future steps in
this study shall include: (1) sharing and testing these
approaches with others to observe what they learn
from these approaches; (2) conducting design and
fabrication workshops with practitioners and students; (3) developing educational construction kits
and systems for children and designers; (4) developing a primer to teach wire-bending, 3D modeling,
programming techniques, and digital fabrication to
absolute beginners; and (5) continued leveraging of
computational approaches and digital technologies
to progress the practice.
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