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Abstract—Educational paper crafts have an unfortunate 
reputation as "less than serious" intellectual enterprises, suited 
primarily for younger children. Over the past decade, the 
technological groundwork has been laid for a radical revision of 
this judgment:  paper can now serve as the material substrate for 
a rich, challenging, aesthetically appealing branch of engineering 
education. This paper describes the notion of paper mechatronics 
as a multidisciplinary approach to paper-based engineering 
projects. We discuss the technological innovations that have 
made paper mechatronics viable; the remarkable range of 
potential projects and curricular materials that this approach 
can accommodate; and we illustrate the possibilities of paper 
mechatronics through several working projects created in our 
lab.  
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I.  INTRODUCTION: A NEW ERA FOR EDUCATIONAL PAPER 
CRAFTS 

In educational practice, paper crafts have an established and 
venerable place: for decades now, children (and their teachers) 
have enjoyed activities such as creating simple origami figures, 
pop-up cards, paper dolls and snowflakes, and so forth. It is fair 
to say that such activities–and others in which paper is the 
central construction material–have a strong association with 
elementary education (as opposed to more advanced work). 
While experts can certainly create advanced origami and pop-
up forms, and can use these activities as a foundation for 
discussions of high-level mathematical or engineering 
techniques [8] [11] [12], these are the exceptions that prove the 
rule: the cultural associations of paper crafts with "mere play" 
seem to be long-standing and entrenched. 

Naturally, it will be granted by professional engineers that 
children's paper crafts have real educational value in 
elementary classrooms; but this admission carries with it a 
lingering sense that paper is a "less than serious", somehow 
frivolous material for the purposes of a "real" engineering 
education. This paper seeks to make a contrasting case for a re-
imagination of paper crafts as the basis, over the coming years, 
of a powerful, creative, and intellectually challenging branch of 
engineering education.  We refer to this budding enterprise as 
paper mechatronics to emphasize its multidisciplinary nature, 
combining elements of mechanical design, electronic 
engineering, and computational thinking. The techniques and 

materials that support paper mechatronics have emerged from a 
growing community of researchers developing electronic and 
computational devices that can be creatively combined with 
paper constructions, and with a concurrent expansion of the 
affordances of paper itself. 

Our own strong belief is that paper mechatronics has 
enormous educational potential over a wide range of levels and 
age groups, spanning from elementary grades to professional 
engineering. Indeed, in an initial paper on the subject [14] we 
focused on the design processes to support the creation of 
introductory paper mechatronics curricular materials; that 
paper emphasized the necessity of creating a "design strategy" 
for weaving together multiple disciplinary traditions, and 
explored those ideas in the context of a workshop for teenagers 
held in a science museum. This paper, by contrast, will explore 
a much fuller (and of necessity more speculative) portrait of the 
educational role of paper mechatronics, drawing on pre-
existing traditions of paper crafting and placing greater 
emphasis on the range of advanced or specialized engineering 
projects that could be undertaken. 

The remainder of this paper is structured as follows: in the 
second section, we discuss the emerging technological 
"ecosystem" of materials, tools, and devices that collectively 
support the practice of paper mechatronics. In effect, this 
section is intended to answer the "why now?" question–to 
demonstrate that the component technologies are now in place 
for a re-imagination of the role of paper in engineering 
education. The third section presents a wide variety of potential 
educational projects and topics that could be explored in the 
context of paper mechatronics. Here, we draw upon pre-
existing materials and lore as a source of ideas and inspiration 
for "next-generation" paper projects. The fourth section 
discusses several prominent remaining issues regarding the 
integration of paper mechatronics into a larger engineering 
curriculum. Finally, in the fifth section, we discuss some of the 
extensive work and research that still needs to be done to 
advance the state of paper mechatronics and its role in 
engineering education. 
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II. TECHNOLOGIES TO SUPPORT PAPER MECHATRONICS 

A. The Affordances of Paper for Construction 
While paper is not necessarily the first material that comes 

to mind in the context of professional engineering–a point that 
we will revisit later–it clearly has advantages within 
engineering education. Paper is (in many forms) affordable, 
plentiful, and easily obtained; it may be shaped by simple tools 
such as scissors and hole-punchers; it may be decorated with a 
wide variety of materials. Indeed, it is precisely these features 
that have historically made paper a material of choice for 
children's construction projects of the sort mentioned earlier–
cut-out forms, pop-up cards, and many more.  

The remainder of this section will discuss a new-found 
potential for design in paper–beyond these traditional 
considerations. At the same time, it is worth anticipating a bit 
of the later discussion by noting that, because of its prevalent 
role in informal, elementary education, paper has historically 
been the subject of a substantial body of pedagogical lore. That 
is to say: creative teachers and students have long used paper to 
make beautiful mathematical models; or simple (if generally 
flimsy) machines; or displayable models of (e.g.) ships, 
buildings, and airplanes; or background scenes for classroom 
dioramas; or inexpensive craft-based scientific instruments. By 
exploiting this pre-existing treasure trove of pedagogical 
examples, and by combining this lore with powerful recent 
technology, we can develop an entirely new landscape of 
interactive, computationally-enriched paper-based creations.  

 

B. Paper-Compatible Electronics and Computation 
 One of the key technologies that have altered the range of 

paper crafting is the advent of small computational elements 
that can be attached directly to the surface of paper. Small flat 
microprocessors (such as Buechley's [3] LilyPad Arduino) can 
be programmed at a desktop computer and then attached via 
adhesive to the surface of a paper artifact; likewise one can 
attach various sorts of batteries, sensors (e.g., for temperature, 
light, or sound) and actuators (e.g., LEDs, speakers, and 
motors) to a paper surface. The connections between these 
various elements may be created through a variety of 
remarkable innovative materials such as conductive paints, 
inks, tapes, and threads (cf. [4], [5], [15], [16], [18]). The 
upshot is that one can now design a computationally or 
electronically augmented paper artifact by first creating a 
"standard" paper construction (such as a small mechanical 
model) and then, by placing suitable surface elements and 
connections, embedding within that artifact the means for 
interactive dynamic behaviors.  

 

C. Tools and Devices for Paper Engineering 
The previous subsection noted the advent of elements that 

can be attached to the surface of a paper artifact. In addition to 
these technologies, there is a rapidly growing collection of 
accessible desktop devices for working with paper. Desktop 
laser cutters, for example, may be used to cut etch paper 
surfaces with extremely high precision: one could (e.g.) cut 
paper into a fractal-like snowflake shape, or etch lettering onto 

a paper surface, or cut a set of holes in the surface at precisely 
specified locations, among myriad other possibilities. In 
addition to  (relatively powerful and expensive) laser cutters, 
many low-cost precise cutting projects can be undertaken with 
more accessible desktop paper cutters.  

Devices of this sort expand the techniques by which paper 
may be "printed", or output, by computer applications. One can 
decorate a paper surface using (e.g.) a color inkjet printer, and 
then cut the surface using a desktop cutter. The result is that the 
designer no longer need be dependent on inexact (or dauntingly 
laborious) techniques for creating highly precise paper 
elements for construction purposes.  

 

D. The Role of the Web   
A specific point–and one that naturally follows from the 

previous paragraphs–is that paper constructions lend 
themselves to especially straightforward means of 
communication and transmission over the Web. A designer 
might (e.g.) place a representation of a paper template on a 
website, from which it may be printed out on desktop inkjet 
printers anywhere else in the world; likewise, by sending or 
uploading a program for (say) a laser cutter, other designers 
may cut specific shapes at their own sites. 

Naturally, the Web is a means for communicating design 
ideas for all sorts of construction projects involving all sorts of 
materials; but here, paper's "commonplace" nature gives it 
specific advantages as a construction material. Compare a 
construction project in (say) sheet metal, or ceramics, or Lego 
bricks: one can describe the construction on a website, and 
include photos or videos of the construction process, but one 
cannot take advantage of the connected world of inkjet printers 
and desktop cutters to assist in communicating the design. 

 

E. The Protean Meaning of "Paper" 
So far in this discussion, we have essentially left 

unspecified what we mean by "paper," leaving that to the 
imagination of the reader. A closer examination of the 
landscape of paper, and paper-like materials, should suggest a 
wide range of potential construction styles and projects. 
"Paper" may mean delicate tissue paper, or foldable origami 
sheets, or sturdy cardstock, or heavy-duty cardboard, 
depending on the requirements of a particular project. 
Moreover, one may easily obtain special-purpose papers of 
various sorts: translucent sheets, papers with mirror surfaces, 
pH paper strips, and many more.   

To conclude this brief outline of accessible technologies 
that underlie paper mechatronics, one overall point deserves 
special emphasis: namely, that these various innovations do not 
merely exist in isolation, but rather co-exist as a mutually 
supportive ecosystem. One can decorate a paper surface on an 
inkjet printer in a fashion that suggests where to place 
computational elements and connections; and then use a laser 
cutter to cut the outline of the surface; and then later on, once 
the construction is complete, document the project with photos 
and printable templates on a website. The sudden viability of 
paper mechatronics is not merely the result of one innovation, 
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but rather a still-expanding collection of innovations that 
mutually support and strengthen each other. 

 

III. A SAMPLER OF PAPER MECHATRONICS PROJECTS 
The previous section provided an overview of the 

technological components of paper mechatronics. In this 
section, we put those components to use in the service of 
devising plausible engineering projects founded on paper 
materials. As noted earlier, a recurring strategy for coming up 
with examples is to explore the existing body of traditional 
educational paper crafts, and to expand or elaborate on those 
earlier ideas through the addition of electronic or 
computational elements.  

 

 
 

Fig. 1. Steps in the construction of a mechatronic paper "flower." At top: the 
mechanism for the petals is worked out (at left); then (toward the right) a 
cardboard rack-and-pinion device is attached and two additional petals added. 
Bottom row: the paper construction is augmented with a microprocessor, LED 
light, and proximity sensor that allows the overall construction to sense the 
approach of the viewer's hand and "close" the petals in response, much like a 
Venus fly trap.   

A. Computer-Controlled Mechanical Elements in Paper 
A reasonable place to start, in thinking about paper 

mechatronics projects, is to explore the design of simple 
mechanical ideas in paper. There is an existing, though 
somewhat constrained, tradition of paper kits for mechanical 
elements such as linkages and cams; typically, these kits 
employ cut-out (or punch-out) cardstock forms, since it is 
difficult to make sturdy mechanical forms from lightweight 
paper (cf. [9], [17], [19] for examples). 

In the light of the previous section's discussion, there are 
numerous available techniques for improving the practice of 

mechanical design in paper. For example, by using a paper 
cutter or laser cutter, one can make precise forms (such as 
gears or special-purpose cams) in heavier grades of paper, 
enabling the creation of a wide range of working mechanical 
models. 

Figure 1 shows photographs of a sample mechanical project 
created in our lab: a "flower" automaton that opens and closes 
under the control of a rack-and-pinion mechanism attached to 
the stem. The series of photographs in Figure 1 depicts 
successive stages in the elaborative design of this project: in 
the top row, at left, a quick prototype of the flower petals 
(using lightweight wooden dowels as the stem) can be used to 
test the open-and-close behavior of the linkages in the petals. 
Toward the right of the top row, a rack-and-pinion form, in 
cardstock, is added to control the opening and closing of the 
flower petals. The elements of the rack-and-pinion are cut out 
in precise form, using a desktop laser cutter. In the bottom row, 
the project is elaborated still further, with an infrared proximity 
sensor, LED lights, and microprocessor: the finished device 
lights up in different colors and opens or closes interactively, in 
response to the approach of the viewer's hand (much like a "toy 
Venus fly-trap").  

 

 
Fig. 2. A set of four cardboard paper linkages whose motor-driven operation 
is controlled by the pattern of input to four light sensors. (Two sensors can be 
seen toward the top, and two toward the bottom.) Depending on which sensors 
are activated, different patterns of linkage movement may be induced. 

 
Along similar lines, Figure 2 shows a second mechanical 

project, constructed from sturdy cardboard. This is a set of 
motor-driven linkages whose operation is controlled by a set of 
four light sensors (seen in pairs at the top and bottom of the 
device). By blocking light input to particular choices of sensors 
(e.g., with one's fingers), the viewer can control which motors 
turn the four central linkages of the device. 

The purpose in showing these projects is to hint at the range 
of techniques that can now be employed to create working 
paper devices. At various points in these two examples, we can 
see the use of microprocessors, sensors, actuators, desktop 
cutting devices, and multiple grades of paper.  
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B. Paper Automata, Walkers, and Robots 
A natural continuation of the ideas described in the 

previous example is to construct larger-scale responsive paper 
constructions, such as walkers or robots. Figure 3 shows a 
sequence of photographs of a project along these lines from our 
lab: here, a walking paper "creature" (based on the linkages 
that animate the brilliant kinetic constructions of Theo Jansen 
[10]) is constructed in cardstock, and then augmented with a 
microprocessor, LED lights, and light sensor. The final project, 
shown in the bottom row of the figure, is a walking paper 
animal that moves forward (shining a blue LED) in dark 
environments and stops moving (shining a red LED) when it 
senses light. 

 

 

 
Fig. 3. Steps in the construction of a paper "walker." In the upper row, we 
see two successive drafts of the walker design (an additional pair of legs is 
added in the second draft). At bottom, two views the walker in operation: the 
device moves forward (with a blue light) unless it senses light, in which case 
it stops and activates a red light. 

 

One could, naturally, go much further in developing paper 
robotic constructions, including techniques that highlight those 
issues typically associated with beginning robotics projects. 
For example, a paper robot might be designed to follow a 
particular path, or maneuver around obstacles, or interact with 
other robots in its environment. It seems plausible to us that a 
worthwhile introductory robotics course could be designed 
around the construction of paper devices (particularly when 
cost or accessibility of materials is a central issue for the 
designer).  

C. Rethinking the Traditional: Origami, Kirigami, Pop-Ups, 
and Paper Weaving 
Many examples of traditional educational paper craft 

activities could be augmented through the technologies of 
paper mechatronics. Origami is the richest and most 
extensively documented of these traditional activities, spanning 
a range from simple "child-level" constructions to jaw-
dropping works of professional paper-folding artistry. A 
natural extension in origami is to augment constructions with 
actuators such as motors (or shape-memory alloy wires) to 
cause them to move–not unlike, in effect, the paper walker 
sample construction of the previous subsection.  

Further forays into "mechatronic origami" could be 
attempted. For example, a Web image search on "modular 
origami" will reveal a wealth of amazing example of multipart 
paper constructions–including, among many others, modular 
paper models of animals such as fish, snakes, birds, or dragons. 
One might extend these designs with actuators–perhaps 
associated with only a subset of modular pieces–to create 
effects such as rippling scales, ruffled feathers, or moving 
liquid-like surfaces. Likewise, an image search for "kinetic 
origami" will suggest still other possibilities for the use of 
actuators in connection with tessellated or recursive folding 
patterns that can be used to create paper forms that stretch or 
compress. 

In addition to origami, there are numerous sources on the 
creation of beautiful pop-up forms in paper (see [2 for 
techniques, and [13] for a good history of the craft); again, the 
designs range from elementary level techniques to works of 
striking beauty and complexity. These traditions can be 
augmented in educational projects to create (e.g.) pop-up cards 
that respond in interesting ways to the act of opening or 
closing, or to the viewer's touch [16]. An interesting point to 
note in this context is that, for pop-ups, the energy provided for 
actuation is generally associated with human power (opening 
and closing a construction); that is, unlike many traditional 
origami figures, pop-ups are historically designed to be 
interactive and not merely decorative. From the engineering 
standpoint, this permits mechatronic pop-up designers to make 
use of human power (along with other sources, such as 
batteries, where necessary) to extend traditional forms. 
Moreover, pop-up forms (again, unlike traditional origami) are 
created by cutting, not merely folding, paper; thus, integrating 
(e.g.) laser cutters with pop-up design is a natural technological 
extension. 

Yet another paper-cutting tradition is that of kirigami [1]; 
this does not boast nearly the literature of origami or pop-up 
design, but advanced practitioners can make stunning works of 
abstract and representational paper sculpture (many of the most 
popular examples involve "origamic architecture", in which 
buildings or settings are modeled in paper). Again, the use of 
high-precision cutting devices, along with embedded 
computation (e.g., to create a dynamic play of light within an 
architectural model) could be used to productive effect. 

These prominent examples do not, by any means, exhaust 
the traditional landscape of educational paper crafts. Some 
forms of work employ strips of paper–forms such as paper 
weaving, in which colorful strips are interlaced to form 
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intricate patterns, or quilling, in which strips of paper are rolled 
and twisted into pictorial elements that may then be combined 
into larger works. Here, one might imagine combining 
mechatronic techniques in a manner similar to that envisioned 
for modular origami: for instance, actuators could be associated 
with specific woven strips (that could be moved back and forth 
to create dynamic weaving patterns) or with specific quilling 
elements.  

 

D. Paper Mathematics and Science 
Many of the pedagogical associations of crafts such as 

origami, kirigami, and paper weaving have a mathematical 
flavor. At the same time, there are still other paper activities–
beyond those already mentioned–that are "directly" 
mathematical, such as folding paper polyhedra, creating paper 
knots, or making interested twisted forms such as Moebius 
strip models. A natural use of paper mechatronics in such 
projects would be to create dynamic versions of well-known 
mathematical models (to take a simple example, one could 
create an octahedron in which one connected group of four 
equilateral triangles can be made to rotate relative to the other 
four triangles; or one might combine knotted forms with 
sequences of LED light patterns that play along the surface of 
the form). Along similar lines, one might construct interactive 
mathematical puzzles, problems, or games that employ 
programmable or dynamic paper constructions. 

There are still other forms of paper craft that can be 
employed in more traditional science (as opposed to, or in 
conjunction with, mathematics and engineering) instruction. 
For instance, many beautiful optical illusion models and 
magical trick apparatus can be constructed in paper; the 
addition of interactive sensing and control could be used to 
vastly expand these educational traditions. A number of paper 
kits (often combined with other materials, such as inexpensive 
lenses) for creating models of scientific instruments such as 
telescopes, pinhole cameras, kaleidoscopes, or periscopes 
could likewise be extended; for instance, one might create an 
interactive paper artwork that uses computer-controlled lenses 
and prisms to create ever-changing multicolored patterns. 

There are many more examples, over a wide range of 
educational subject matter, that could be appended to this list; 
but the central point is that the existing literature of paper crafts 
provides a plentiful source of ideas for extension with 
mechatronic techniques. In effect, we can take the existing lore 
of educational paper crafts and expand it by an order of 
magnitude, to incorporate embedded computation, sensors, 
motors, techniques for precise cutting, and specialized 
materials; and by building on this body of pre-existing work, 
we have a tremendous foundation on which to re-think 
educational engineering (along with mathematics and science) 
activities. We pursue some of the implications for engineering 
education in the following section. 

 

IV. PAPER MECHATRONICS AND ENGINEERING EDUCATION 

A.  Alone or in Combination? 
Most of the sample projects described in the previous 

section focused on the use of paper mechatronics as a sort of 
"stand-alone" engineering technique: that is, paper was used as 
the sole (or primary) construction material, and was augmented 
with electronic and computational devices. This is a natural 
path to take when the initial examples are drawn from literature 
(such as that on origami) which itself focuses on paper as a 
constructive medium. At the same time, it should be noted that 
just as paper has certain powerful advantages in engineering 
education, it likewise has obvious disadvantages. Paper is often 
vulnerable to the elements (one might not want to leave a paper 
construction outdoors for a long period of time); it is generally 
unsuited to work that demands high strength or stability (one 
could make a heavy-duty cardboard chair or table, but it would 
be a questionable or unorthodox choice); it can be destroyed or 
degraded by fire or caustic chemicals, and so forth. In the light 
of these limitations, we certainly do not wish to make the 
(bizarre) argument that paper should be an inevitably preferred 
medium for engineering education; rather, our point is that 
paper has both surprising and rapidly expanding range as a 
constructive medium. 

One way of incorporating paper mechatronics into 
engineering–perhaps a conservative approach–would be to 
treat paper as a medium for (relatively) rapid prototyping. 
Thus, one might design projects in which an initial draft of 
(say) a machine or automaton is created using paper, and then 
a more polished and sturdy final version is constructed in 
metal, wood, or plastic. In this approach, paper mechatronics 
can be viewed as a "sketching" technique, to be followed by 
work in other materials. 

Our own preference–rather than viewing paper 
mechatronics as either a stand-alone subject or a "rough draft" 
medium–is simply to take a more ecumenical view, and to 
treat paper mechatronics as one among many techniques 
available to both the student and professional engineer. In this 
view, paper is one more material in the arsenal of the 
engineering educator–and like all materials, it has strengths, 
weaknesses, and an ability to be used in combination. Indeed, 
some of the sample projects of the previous section already 
hinted at this style of work (for example, the design of 
scientific instruments that combine paper with optical 
elements such as lenses and mirrors). Creatively combining 
paper mechatronics with (say) ceramics, woodwork, or design 
in metal wire offers possibilities for construction well beyond 
the initial examples of the previous section. 

 

B. Issues of Diversity 
One additional (admittedly speculative) implication of 

paper mechatronics for engineering education deserves 
mention here. Our own belief–perhaps optimistic–is that the 
aesthetics and decorative style of paper mechatronics can offer 
attractions to students who might otherwise be uninterested in 
traditional engineering projects. To take a specific example: a 
paper walker or robot might look much different than one made 
of metal. The goals of such a robot might be to make it look 
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strange or artistic in ways that would not be suggested by 
construction in other materials. It does not seem unreasonable, 
then, to imagine that students with diverse aesthetic or cultural 
sensibilities might find themselves attracted to construction in 
paper where they would otherwise steer away from other 
constructive media. This is of course an empirical question, to 
be answered over time and in practice; but we believe that the 
different "look" of paper crafts could lend a much-needed 
element of diversity to engineering education (and to the 
students within engineering classrooms). 

  

V. WHAT TO DO NEXT? 
The argument that we have tried to establish thus far is that 

paper mechatronics is a field ready for experimentation in 
engineering curricula at a wide range of levels. This is not to 
say, however, that the new era of paper is anywhere near 
maturity. There are tremendous unexplored research and design 
issues that, over the coming years, will need to be addressed for 
paper mechatronics to advance further. In this concluding 
section, we sketch a potential agenda for research and 
development.   

A. Innovative Materials 
As already noted, much of the potential for paper 

mechatronics derives from an expanding collection of powerful 
craft materials–conductive paints and inks, specialty papers, 
and so forth. The near future is likely to see further expansion 
in this area: for instance, conductive paints are currently 
limited in the range of available colors and textures (there is to 
our knowledge nothing analogous to conductive paints that 
have the look of oil paints).  

Quite probably there will be continued (if hard to predict) 
creative developments in paper and paper-like materials as 
well. We do not venture to make fine-grained predictions in 
this area, but one might imagine novel types of paper that 
incorporate unexpected functionality–perhaps elements of 
electroluminescent panels, or water-resistant surfaces, or 
embedded LED elements, or elastic components that allow 
paper sheets to stretch and twist in novel ways. Such 
developments may sound futuristic–but then again, it wasn't all 
that long ago when the notion of inexpensive conductive thread 
sounded similarly visionary.  

A recurring question, as the range of what is meant by 
"paper" continues to expand, is to allow the range of crafting 
tools to likewise co-evolve. Perhaps some novel papers might 
be employed in tandem with inkjet printers or laser cutters; still 
others might not. Some novel papers might be cut with 
scissors, combined with adhesives, or drawn on with crayon; 
others may not. Again, it is important to regard developments 
of this sort in terms of a supportive ecosystem of devices, tools, 
and techniques: a novel type of paper might languish unused if 
it is not accompanied by tools, techniques, and a body of 
potential projects or pre-existing lore to support it.  

 

B. Next-Generation Hardware and Software Tools 
In the light of the previous discussion, a continuing area for 

research and development in paper mechatronics will 
undoubtedly involve work in the creation of more powerful 
desktop devices for working with paper(s), and a greater range 
of software tools that assist the paper engineer.  

On the hardware side, we are still likely at a relatively early 
stage in desktop devices for working with paper. Even small-
scale laser cutters remain prohibitively expensive for hobbyists 
and schools (compare, for instance, the rapid increase in 
affordability of color inkjet printers over the last generation). 
Moreover, standard laser cutters are not adapted to working 
with unusual shapes of paper media: for instance, it would be 
difficult to use a typical desktop laser cutter in conjunction 
with the long paper strips used for weaving or quilling (the 
technology is far better adapted to working with rectangular 
paper sheets).  

 

 
 

 
 

Fig. 4. Screenshots of software tools used to create the walker construction 
of Figure 3. At top: a geometric "leg-construction" tool that provides the 
designer with dimensions and a folding pattern for the leg. At bottom: an 
animation that shows the newly-designed leg in motion. 
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On the software side: the last decade or so has seen a 
growing number and variety of applications tailored for 
creation in paper (designing origami forms, creating polyhedral 
models and paper sculpture, creating simple pop-up forms, and 
so forth: see for example [20], [6], [7]). These developments 
are impressive, but they represent only an initial exploration of 
the types of software tools that could be adapted for paper 
mechatronics. In particular, these software tools are primarily 
adapted toward the more traditional paper crafts (in the absence 
of electronic or computational elements). Thus, there are no 
existing tools, to our knowledge, specifically for the purpose of 
creating electronically augmented paper machines, models, or 
sculptures.  

In the course of creating our own earlier-described project 
examples, we developed small-scale software tools to aid in the 
design and folding of the "legs" for the paper walker and the 
"petals" of the paper flowers. Figure 4 shows screenshots of 
our software tools to assist in the geometric design and 
animation of the legs for the walker in Figure 3 (similar tools 
were developed for the flower in Figure 1). The upper 
screenshot shows a program that allows the user to vary the 
lengths of various leg elements (e.g., to create a leg with a 
longer or shorter stride); while the bottom screen shows an 
animated schematic of the prototype leg design. These tools 
represent "baby steps" toward the sorts of software applications 
that we have in mind for paper mechatronics design; but there 
is clearly plenty of unexplored territory here. Just to mention a 
couple of examples for software design: one might wish to 
create a tool to assist in the design of computer-controlled 
modular origami structures (employing many joined copies of 
simpler origami forms); or to animate paper weaving designs; 
or to assist in the creation of computer-controlled paper 
scientific instruments. 

 

C. Working Paper by Hand 
It might seem strange–a symptom of the last decade–to 

need such a reminder, but not all tools are computational. 
Paper, after all, is as much associated with scissors and crayons 
as it is with laser cutters and software applications. With this in 
mind, it would be an especially useful enterprise to explore 
designs for new types of handheld tools appropriate to working 
with the expanded set of materials characteristic of paper 
mechatronics. 

A couple of speculative examples might help to explain the 
sorts of things that could be done. To take one instance: as 
anyone who has worked with conductive paints knows, it is 
often tricky–when drawing a circuit with paint–to ensure that 
there are no gaps in the paint or accidental short circuits (places 
where two supposedly distinct lines of paint accidentally 
touch). One useful tool, then, might be a sort of glove (or better 
yet, a sheathe for an index finger) that would allow the 
designer to touch a line of paint on a paper surface and 
determine whether current is running through that line or not. 
In effect, this would be a simple handheld debugging tool that 
would be adapted for testing hand-drawn circuits on paper 
surfaces. 

Still another possible tool, to deal with the same issues, 
might be some sort of "intelligent paintbrush" or pen that 
would allow the designer to draw lines in conductive paint or 
ink, but would sense the proximity of other conductive lines on 
a paper surface and avoid (or offer some resistance to) drawing 
conductive lines that touch already-drawn conductive areas. 

While tools of this sort might not, in practice, be quite as 
all-purpose as a simple scissors, they (or other, similar gadgets) 
might over time become part of the everyday toolset of paper 
mechatronics practitioners. 

In summary, then: the purpose of these final reflections is 
to emphasize that there is a tremendous opportunity for 
continued development in evolving the field of paper 
mechatronics. Nonetheless–although there is much to be done–
from the standpoint of the engineering educator, the state of 
paper technology is advanced enough so that we can now 
integrate paper, in earnest, into a full scale engineering 
education. 
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