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ABSTRACT 
Paper Mechatronics is a novel interdisciplinary design medium 
for children, enabled by recent advances in craft technologies: the 
term refers to a reappraisal of traditional educational papercrafts 
in combination with accessible mechanical, electronic, and 
computational elements. We present a design case study–building 
computationally-enhanced paper flowers–and discuss the iterative 
design process involved in the creation. We also describe a 
workshop we conducted with teenagers to evaluate paper 
mechatronics as a creative learning activity for children. We 
conclude with a discussion of future directions.   

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentation]: User Interfaces – 
prototyping 

General Terms 
Design, Experimentation, Human Factors 

Keywords 
Paper mechatronics; papercraft; educational technology; design 
medium. 

1. INTRODUCTION 
Papercrafting has a long history as a playful, creative, and 
educational medium. Paper, which is lightweight, malleable, 
ubiquitous, and inexpensive, enables young students, artists, and 
designers to create origami figures, paper automata, popup forms, 
and myriad other artifacts. Today, the educational and creative 
potential of papercrafting has taken a tremendous leap forward 
with recent high-low technology innovations. Small lightweight 
electronics and computing components can be embedded within 
paper constructions and generate autonomous movement and 
interaction. The resulting enhanced medium gives rise to an 
interdisciplinary domain that we refer to as Paper Mechatronics–
the combination of mechanical, electrical, and computational 
ideas and engineering with the traditional activities and 

advantages of papercrafting. Paper mechatronics represents a truly 
remarkable leap in the expressiveness of children's crafts: a 
combination of mechanical "paper engineering", introductory 
electronic circuitry, and basic computer programming to create 
fully working, dynamically original, and highly interactive 
machines, decorations, and artwork. As it draws on several 
disciplines, paper mechatronics permits educational crafting to 
move beyond the hitherto relatively constrained boundaries of 
disparate children's activities, such as "snap-together circuit 
pieces" to illustrate electronic design. This new field permits 
widening of the creative "walls" (to adapt Resnick's [11] potent 
phrasing) so that students can employ multiple skills, at an 
introductory level, in larger and more complex projects than any 
single discipline could support. 

Despite the remarkable educational and creative potential of paper 
mechatronics, it exhibits—by virtue of its novelty—an absence of 
"design lore". Also, as we have already noted, building a paper 
mechatronic model is an inherently interdisciplinary process–one 
that potentially includes skills from computing, electronics, 
papercrafting, and mechanical design. Just as the new generation 
of creations represents a leap forward in children's expressiveness, 
the techniques for building these creations offer challenges 
beyond those of individual disciplines.  
Here our purpose is to establish a solid design case study that 
shows the creative educational potential of paper mechatronics. In 
pursuing that goal, this paper focuses on two themes: we first 
show the development for a representative paper machine, a 
flower that opens and closes its "petals", and we discuss a 
workshop that we conducted with teenagers in a science museum 
setting. The workshop was specifically arranged to investigate 
several related questions: whether our projects are feasible for 
educational settings, whether children can develop their own 
creative ideas in the medium of paper mechatronics, and whether 
this activity can influence their thinking and intellectual interests. 
We conclude with a brief discussion of the future directions 
available to paper mechatronics as a still-embryonic design 
medium for the young. 

 
Figure 1. Young children playing with paper mechatronic 
flowers built by teenagers after the workshop.  
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2. RELATED WORK AND BACKGROUND 
Paper Mechatronics is rooted in many existing and established 
domains. In this section, we illustrate three foundational ideas. 

2.1 Electronically-Augmented Paper 
Perhaps most important, paper mechatronics is founded upon the 
burgeoning field of electronic papercrafts. Pioneering work was 
done by Qi and Buechley [10], who employed non-standard 
electronics materials that closely resemble traditional craft 
materials: copper conductive tape, conductive ink, thermochromic 
and magnetic paint, and shape memory alloy wires. These projects 
address the challenges of building reasonably robust interactive 
devices using relatively accessible skills and materials. Shorter et 
al. [13] likewise describe a variety of appealing "paper circuits" 
projects illustrating the creative potential of conductive ink. In 
another, similar project Saul et al. [12] created simple, whimsical 
paper robots. Their “sleepy box” robot is a paper cube on a nitinol 
stem.  The software that controls the robot includes a timer that 
gradually allows the nitinol stem to relax, causing the box to nod 
and bob, until a microphone reports an ambient sound.  Then the 
controller stiffens the nitinol stem, causing the box to leap up. 
While we do not employ this technique in our current 
constructions, it illustrates the natural way in which ideas central 
to the study of electronics can arise in the context of constructing 
with paper.  

2.2 Mechanical Craft 
Our work in paper mechatronics takes the field of electronic paper 
and weaves it into the design of playful educational machines 
such as automata. Because building a moving craft artifact 
requires acquiring skills in mechanical construction, handcraft, 
and storytelling, it has been used as a popular educational medium 
for children. Rob Ives [7] has published books and hosts a website 
where educators and children can download printed kits to build, 
for example, the “Flying Pig”. The goal of the current pedagogy is 
to introduce children to ideas of engineering and physics through 
the playful creation of working mechanisms. Robert Addams lays 
out an illustrated, instructional approach to building automata 
with a craft sensibility [1]. Onn and Alexander [9] provide an 
illustrated textbook on the creation of mechanisms and automata 
aimed at young audience. These sources assume that children are 
working with traditional crafts, using hand cranks and non-
electrically-powered input sources. Thus paper mechatronics may 
be seen as a technological extension of this landscape of children's 
work. 

2.3 Do-It-Yourself Technology 
Recent advances in DIY technologies have enabled the new 
medium: these include open-source electronics and hobbyist-
friendly programming environments. To take one prominent 
example: the Arduino microcontroller [2] is an open-source 
electronic platform that has gained popularity within the maker 
community by reducing the entry barrier to build circuits and 
programs.  A diverse array of Arduino microcontrollers with 
different physical forms enables designers to select a model that 
fits diverse projects. For instance, the LilyPad Arduino 
microcontroller [4] offers an accessible platform for e-textiles and 
computational wearables. It can be sewn onto fabric, and 
connected with sensors and actuators, via conductive thread. 
Likewise, the thumb-sized Arduino mini microcontroller [3] 
allows one to embed electronics in small projects. 

3. A DESIGN CASE STUDY: FLOWERS 
A case study of paper machines illustrates how paper 
mechatronics can develop into a medium for educational design. 
Inspired by Matthew Gardiner’s Oribotics [6], we built paper 
flowers. An important consideration in designing this project was 
to highlight the interdisciplinary nature of paper mechatronics–
that is, to balance and blend the diverse component disciplines of 
computing, papercrafting, and mechanical design described in the 
previous section. 

The flower constructions are based on a rack and pinion 
mechanism: a pair of gears that convert rotation into linear 
motion. The rotating pinion (a circular gear) moves the rack (a 
linear gear), generating the up and down motion of the sepal (base 
of the flower). This animates the opening and closing motion of 
the petals. We simplified the form of the mechanism and 
developed a building process for constructing them out of basic 
materials. Because our goal is to develop this project as an 
engaging learning activity for children, we tried to develop simple 
and fundamental templates, which can reduce the initial challenge 
for children and can be merged with other forms in a wide variety 
of mechanical creations. As a result, the basic module templates to 
construct petals are formed as paper strips and the instruction is 
based on a relatively easy level of cutting and folding.  Figure 2 
(right) shows the construction of a petal of the flower mechanism. 

 
Figure 2. The critical part of building a paper mechanical 
model is in the setting of rigid links, fixed pivots and moving 
pivots. By folding and unfolding, we can build these elements 
with paper. Folding generates moving joints; tight assembling 
enables fixed pivots and unfolded flat faces become rigid links.  

3.1 Iterative Design 
In this section, we describe the iterative prototyping design 
process. We designed our mechanisms in three stages. In the first 
(mechanical) stage we create a simple papercraft automaton with 
no electronic/computational elements. Once we have a working 
mechanism, the second (electronic) stage introduces elements 
such as a motor, microcontroller, sensors and other actuators. In 
the third (computational) phase, we begin introducing ideas of 
programming and interactivity. Though this is not the only 
conceivable design process for paper mechatronics, it seemed a 
manageable (and communicable) overall plan that somewhat 
(though not entirely) decomposes the construction process into 
identifiable disciplinary stages. Within each stage, there is a focus 
on iterative prototyping. Overall, then, our goal is to illustrate a 
plausible method that can be adapted for children's activities: a 
sequence of iterative steps through which students can create, test, 
and optimize these mechanical forms to include computational 
control through a mixture of planning and tinkering. 
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Figure 3. Iterative prototyping of building paper flowers1 

3.1.1 Stage 1 — Simple hand-powered automata 
We built the first ("pure mechanical") prototypes using only craft 
materials – mainly paper with glue, tape, and wood sticks. Here as 
the work proceeds to subsequent iterations, the wood sticks can be 
replaced with any long and fixed materials (such as straws). This 
first stage of prototyping enabled us to solidify our understanding 
of hand-made automata structures. Figure 3 illustrates landmarks 
in the early mechanical creation of both basic forms. 

3.1.2 Stage 2 — Locomotion with a motor and 
exploration of forms with more modules 
In order to automate the movements via a motor with gears, we 
needed to enhance the accuracy of our structure and adjust the 
forms so that they could accommodate the attached electronic 
elements. Specifically, the motors and gears can influence the 
building at this stage.  Motor sizes, weights, and required power 
resources are diverse so we tested different motors, gear designs, 
and structures to decide suitable configurations. To operate the 
basic mechanism of the structure, the flowers required one pair of 
petals to form each basic structure; but we extended these basic 
mechanisms, exploring the addition of extra petals, and combining 
the flower into larger composite forms.  

3.1.3 Stage 3 — Interactive mechatronics  
In this final stage, we turn our attention to “computational paper 
mechatronics”, with intermingled mechanical, electrical, and 
computational concepts that augment papercraft automata. In this 
stage, we included an Arduino microcontroller in our 
constructions to control the flowers. We began with simple 
interactive scenarios for controlling the paper machines; but in the 
process of doing so, we found ourselves envisioning a far greater 
range of "narratives" about the combinations and potential uses of 
our models. For instance, in one of our flower constructions, an 
infrared proximity sensor mounted at the center of the petals sent 
signals to respond to the motor (to close the petals) when the 
                                                                    
1  A video, showing the iterative design process for building 

flowers and the workshop outcomes may be seen at: 
https://vimeo.com/118515158 

user's hands approach the flower. The result is a mechanical paper 
“Venus fly trap”. In this construction, an LED served as a blue 
“stigma” within the flower, turning green as the petals closed.  

With no more than hobbyist-level skills of programming and 
electronics, many different paper machines and robotic creatures 
can be designed and built. Moreover, as illustrated above, building 
a paper mechatronic model requires (and thus encourages the 
development of) more than one kind of expertise; rather than 
portraying engineering as a fragmented discipline of unrelated 
skills, paper mechatronics presents the field as a fluid mixture of 
techniques, all in the service of realizing one's own creative ideas. 
This approach is further illustrated by our work with students, as 
described next.  

3.2 Student Workshop  
In order to evaluate our projects as a learning activity for children, 
we conducted a workshop with 32 students (ages 14-18) in an out-
of-school program. We aimed to learn: first, whether our paper 
mechatronic project is at an accessible level for teenagers (can 
teens successfully build the basic working mechanisms); second, 
can students adapt and extend the working models with their own 
creative ideas, beyond simply following our instructions; and 
lastly, whether this hands-on experience can encourage them to 
see paper construction as a more generally accessible medium for 
further creations and intellectual growth. These questions 
collectively formed our metric to gauge the success of the activity. 

3.2.1 Procedure  
Our workshop met on three consecutive Saturday sessions in a 
studio-like experience in a science museum. Each meeting was 
between 2 and 6 hours long. The instructional goal was to prepare 
students to learn basic mechatronic ideas, gain confidence in 
working with paper as a design medium, and learn to prototype 
with Arduino-based components. In an introductory activity, we 
gave students origami paper and written instructions on how to 
fold a lily. The outcomes were varied. The students had a range of 
skill in paper folding, and only a handful of students had ever 
folded paper as a craft activity. Then, in the second session, we 
gave students in small groups step-by-step instructions to create a 
hand-powered paper flower automation. One member of each 
team also learned basic programming in Arduino. Finally, in the 
last session, students built interactive flowers embedding a 
servomotor and a light sensor and using the rack and pinion gear 
set we provided. We gave students the option to go beyond the 
design provided in the tutorial and to adapt it to their own 
creation.  
 

 
Figure 4. A variety of creative outcomes via the workshop 
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Figure 5. Students sketched and described their invention 

ideas of paper mechatronics after the workshop 
3.2.2 Evaluation and reflection 
In terms of our initial questions, we achieved encouraging results. 
Not only did students build working models but they also 
modified the models to personalize their creations (see figure 4). 
Once the students understood the mechanisms, they began to use 
them in unexpected ways. For instance, several teams applied the 
petal structure to produce a related sort of movement, such as the 
flapping of a bird’s wings. Some teams deployed the mechanisms 
within an entirely different creation having the up-and-down 
movement but without the petal structure. Furthermore, compared 
to the brainstorming session we had at the beginning of the 
workshop, we observed that students tended to generate more 
ideas in greater detail, after participating the workshop. Figure 5 
shows examples of a post-activity drawing task that asked, “What 
do you imagine creating with paper mechatronics for yourself?” 
The drawings reveal that students have begun to incorporate 
internal mechanical structures and detailed behavioral descriptions 
in their designs, suggesting that the workshop strengthened their 
initial understanding of mechanisms, electronics and computing. 
The depictions also show that the experience was motivating, 
prompting diverse, personalized, and creative thinking among the 
students. For example, one student (figure 5, right) drew 
sequential interaction scenes of a mechatronic alarm clock, 
explaining that when the alarm starts, the circuit is completed and 
the physical structure moves up to show a bird. Another drew a 
Jack-in-the-box (figure 5, left) describing: “Make the sweep 
quick–maybe we can include sound effects to include a greater 
psychological effect on the participant.”  

There are limits to the conclusions that we can draw from an 
initial "feasibility study", and it should be remembered that these 
students were volunteer participants (and hence presumably had 
some motivation for learning the subject matter). Nonetheless, we 
note several aspects of our experiences. First, children’s 
engagement and concentration tended to be lower when the 
activities were highly procedural, with tight tolerances in the 
design and fabrication process not allowing for errors. For 
instance during the first session, students were easily distracted 
and complained, “Why do we make a lily, why not something else 
cool?” As highly procedural aspects are unavoidable in certain 
activities such as building circuits or programming, expressive 
aspects must give room for children in order to engage them in the 
activity as well as to encourage their creative process. Students 
also showed widely different levels of skills and paces of learning, 
in tasks ranging from paper folding to understanding computing 
and electronics. Forming groups of 2-3 during the second session 
helped students fill the gaps among their different levels of skills. 
Finally, the workshop was based on the resources we provided 
such as gears and the cardboard template. That is, although it was 
not a workshop with pre-made kits, there was still a need for a 
handful of stock components to scaffold the creative design 
process. 

4. CONCLUSION  
Designing a full paper mechatronic model represents more than 
the sum of component disciplines. Even lightweight electronic 
elements pose constraints when incorporated into a paper 
construction. The next decade will see new mechanical and 
electronic elements, for example, paper-friendly electronics such 
as circuit stickers [5] or circuit inkjet printing [8]. We likewise 
expect diverse experiments in powering paper mechanisms 
through a mixture of electronic and non-electronic (springs, wind-
power…) means; such techniques may exploit paper's materiality 
and finesse the need for bulky power sources. 
We are dealing with a novel medium; our study is an initial 
exploration. We plan to investigate more examples of this 
promising interdisciplinary realm. We hope that this journey, in 
company with a growing community, will result in many case 
studies and tutorials to support creative expression and 
engineering education–in short, making new and delightful things. 
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