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ABSTRACT 

As informal educators, we describe our experience designing and 
running the “Robot Petting Zoo” makeathons – hands-on learning 
experiences intended to teach making, design, coding, and 
engineering. These events involved high school students coming 
together to work in teams to create robots using a paper 
mechatronics kit. Paper mechatronics is the combination of paper 
with electronics and programming technology. We developed a 
paper mechatronics kit for use in these events by combining 
existing electronics and programming platforms with digitally 
fabricated paper parts. We share the rationale behind our kit and 
the structure of the makeathon event, summarize insights gained 
during this experience and invite program leaders, teachers, and 
educators to participate in future designing and making. 
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K.3.m [Computers and Education]: Computer Uses in Education – 
miscellaneous. 
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Design, Human Factors 
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1. INTRODUCTION 
This paper describes our collective experiences developing a 
program called the Robot Petting Zoo Makeathon, and running 
this as a science center workshop, a 2-day creativity event, and a 
unit in high school physics. This program was created to test an 
evolving paper mechatronics education kit, which combines paper 
with digital technology to teach design and engineering. This 
work is part of a larger program of research and development in 
partnership with teen interns at the Lawrence Hall of Science’s 
TechHive program and researchers at the ATLAS Institute and 
Craft Technology Lab at the University of Colorado at Boulder. 

 
Figure 1. The Robot Petting Zoo 

1.1 What is Paper Mechatronics? 
Mechatronics is an interdisciplinary field in engineering that 
combines mechanical systems with electronics and programming. 
Mechatronics engineers make what what most people think of as 
robots, such as the giant manufacturing arms that assemble cars, 
but they also design simpler everyday robotic systems, such as the 
mechanisms in a vending machine or the automatic arm wicket in 
a parking lot. Paper mechatronics uses handcrafted and digital 
fabrication of paper and craft materials to make mechanisms, then 
combines these mechanisms with electronics components and 
computer programs. 

We are especially excited about the potential of paper 
mechatronics for several reasons. First, paper has a rich history 
that we can draw on. Papercrafts have been practiced for 
thousands of years, and paper has been used in classrooms across 
the country for decades. The material and the tools needed to 
work with paper are already familiar to most teachers and are 
often already in schools. 

Second, paper is an approachable medium. Every student has 
experience making projects out of paper and it can easily be cut, 
folded, glued, and painted. We believe that making robotics 
projects out of paper changes the aesthetic of robotics in a way 
that will help attract diverse audiences [2]. Our early experience 
indicates that paper robots lend themselves to narratives in a way 
that plastic and metal robots do not; it is easy (and permitted) to 
paint a face on a paper robot or glue feathers onto it. The ability to 
craft personally meaningful narratives has been identified by 
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educators as a factor that is important for engaging students with 
diverse backgrounds [6]. 

Third, paper is very low cost. Materials like cardboard can be 
recycled for free. Cardboard is easily found in school cafeterias 
and blockbuster stores bins. Cardboard and paper can also be 
shaped quickly and precisely using digital fabrication tools (such 
as a laser cutter or low-cost paper cutter). As more teachers gain 
access to these tools, it raises the possibility that they will be able 
to manufacture complex and precise parts while keeping costs 
low. 

Finally, the continued development of lightweight and relatively 
cheap electronics parts, microcontrollers (such as the Lilypad 
arduino), and flexible electronics (such as conductive ink, thread, 
and stickers) are expanding the scope of paper mechatronics 
designs [3]. 

1.2 The Paper Mechatronics Kit 
We spent several months developing a set of materials to work 
with during our paper mechatronics activities. This process began 
with a review of existing robotics kits, and experimentation 
combining Arduino and paper mechanisms (described in Oh et al.) 
[4]. During these experiments we found that beginners had 
difficulty with the syntax of the Arduino programming language 
and found breadboarding circuits time consuming and frustrating. 
Looking to solve these problems, we modified our kit to include 
the Hummingbird microcontroller board 
(www.hummingbirdkit.com). We chose this board because it 
supports the control of motors using Scratch and it uses spring 
connectors to hook electronics parts directly to the board 
(avoiding breadboards). Since the hummingbird is compatible 
with many small electronics parts, it also works well with paper. 

With a core electronics and programming system in place, we set 
out to design some mechanical elements that would help students 
create mechanisms out of paper. We laser cut a set of cardboard 
linkages and brackets, and laser cut our own hubs out of plastic so 
that the linkages could be attached to the motors. We also 
included Makedo fasteners in the kit, as an easy way to join 
different thicknesses of cardboard. The parts of our first paper 
mechatronics kit are shown in Figure 2). 

 
Figure 2. A paper mechatronics kit used for the Robot Petting 

Zoo Makeathons 

1.3 The Robot Petting Zoo Makeathon 
The Robot Petting Zoo Makeathon was run three times: first as a 
prototype event in the TechHive program at the Lawrence Hall of 
Science, then at the Children’s Creativity Museum in San 
Francisco (where we recruited teens from around the Bay Area), 
and finally in a more formal classroom setting at Lighthouse 

Community Charter School in a grade 12 physics class. We chose 
to focus on high-school aged participants, because the event was 
co-developed with teen interns in the TechHive program. 

We decided to run a ‘hackathon’ style event because it aligned 
well with the goals of contructionist education. Hackathons are 
prolonged work parties where small teams work alongside one 
another to complete a prototype or project in a relatively short 
period of time. In this format, students spend the majority of their 
time doing self-directed work in order to complete a project that 
will be exhibited to the public [5]. In addition to the extended 
work periods, we provided beginners with a series of workshops 
(taught by TechHive teens) that introduced them to the basics of 
programming and electronics, and we recruited a team of 
educators from the San Francisco Bay Area to serve as mentors 
throughout the event. These mentors were stationed at a help desk 
where participants could come to get help when they needed it. 

In order to make the event more approachable, we chose to call it 
a “makeathon” as we felt the hacker term has connotations of a 
male-dominated subculture. Our choice of the Robot Petting Zoo 
theme was also intentional. We wanted to focus on a collaborative 
project, because we learned from female teen interns that 
competitive hackathons could be unwelcoming especially for first 
time participants. We also liked the idea of creating animals, 
because animals characters are familiar to most children, and 
different animals are often portrayed with different personalities. 
We felt that this strong sense of character would play to the 
artistic potential of paper. Finally, in each of our events, we 
invited young children to enjoy the creations of our teen 
participants. The goal of the makeathon was to create an animal 
which would delight a young child, which is an empathetic design 
challenge. This aspect of creating a product for your audience to 
enjoy is often missing from robotics competitions and science 
fairs, where student projects are either displayed for judging or 
pitted against one another in competition. 

2. Running the Events 
After creating our paper mechatronics kit and deciding on the 
structure of our event, we set out to test the Robot Petting Zoo in 
three different places, first with teen interns in the TechHive 
program at the Lawrence Hall of Science. The teens broke up into 
teams, and had two days (about 8 working hours) to create a 
cardboard pet that would be exhibited on the museum floor. 
Although some teams planned projects that were too ambitious for 
the time they had, the event was generally successful and the 
Robot Petting Zoo was very popular with young visitors to the 
museum floor. This in-house testing allowed us to also refine the 
parts in the kit as well as support the public science center’s 
mission to serve families. After teens were introduced to the 
makethon tool set, we then asked several teams of interns to create 
tutorials that would teach basic skills, such as how to control a 
motor and how to read values from a sensor.  
Our second event was held at the Children’s Creativity Museum 
in San Francisco. We ran an Indiegogo fundraiser to raise funds 
for additional Hummingbird boards, and promoted the event via 
social media to recruit donors and participants. Over 20 high 
school students from around the Bay Area signed up for the event. 
To our great satisfaction, more than half of our participants were 
girls and half of our participants had no previous programming 
experience. We also recruited a team of educators who would 
serve as mentors during the event. We led the mentors through a 
short training at the Lawrence Hall of Science, where they learned 
the basics of hummingbird and scratch programming. 
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The Robot Petting Zoo makeathon at the Children’s Creativity 
Museum took place over two days. Participants were sorted by 
level of programming experience, then grouped so that 
experienced programmers were paired with beginners. It began 
with introductory workshops facilitated by TechHive teen interns, 
then transitioned into a work period. In the tradition of 
hackathons, participants were fed snacks and meals during the 
event, but then went home for the night. This was an intentional 
choice because of the complications of supervising minors, and 
co-ed sleeping arrangements. Participants returned the next day to 
complete their robotic pets, culminating in a public exhibition to 
museum visitors. We felt it was important to create a safe space 
for participants to tackle new skills, so we held ice breakers 
throughout the first day, some of which took place outdoors, 
which gave participants a chance to meet each other and the 
mentors. Throughout the work periods, our mentors were 
available to answer questions and manage supplies. Some of the 
results of the makeathon are pictured in Figure 3 and are 
summarized in video form at http://tinyurl.com/robopet2. 

 A third Robot Petting Zoo program took place with high school 
students at the Lighthouse Community Charter School. Tanya 
Kryukova, a teacher at Lighthouse, served as a mentor at the 
previous event and wanted to try the activity with her grade 12 
physics class. She borrowed our paper mechatronics kit, art 
supplies from peer teachers, and had students work on robot pets 
over eight class periods (a mix of single and block periods.) At the 
end of the unit, the grade 12 class presented their pets to younger 
students from the school’s elementary program. A video about the 
event is posted on the lighthouse website 
http://tinyurl.com/robopet. 

3. Conclusions 
This section contains several insights that we gained through the 
process of developing the paper mechatronics kit and running the 
Robot Petting Zoo events. 

3.1 Making a more diverse hackathon 
We began this project with the intuition that hackathons could be 
made much more accessible by changing the materials involved 
and the structure of the event. These intuitions were confirmed by 
the fact that over half of the students who enrolled for our 
makeathon were girls, and half of the students had never 
programmed before. Participants also explicitly commented on the 
fact that the Robot Petting Zoo was more welcoming than other 
competition-based hackathons that they had attended. 

Participants also described how they had learned from their fellow 
peers, and had become more comfortable with programming, even 
though they had never done it before. We believe that students 
willingness to try new things was facilitated by the fact that the 
makeathon was a ‘special’ event. This was most evident at 
Lighthouse, where several students who normally were not seen 
as academically strong became their teams programming experts 
and dedicated several devoted hours into creating and debugging 
code. 

3.2 Coding and Mechanisms 
Looking through student code at the end of our three events we 
realize that, even while using Scratch and having gone through a 
structured tutorial, many students still had misconceptions about 
how the programming language worked. This is not surprising, 

Figure 3. Results from the Children’s Creativity Museum Makeathon 
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programming is a substantial skill that contains many new 
concepts and our event was relatively short, but it reminds us that 
it takes a substantial amount of time for beginner programmers to 
fully grasp the concepts in a simple program. We are, however, 
satisfied by the fact that the majority participants had a positive 
experience with code and were able to make something that they 
were proud of. This introduction, will hopefully, propel them to 
study coding in more depth in the future. 
 
Designing and building mechanisms was another challenge that 
proved substantial for our participants. While there were some 
fantastic examples of complex mechanical design, many of our 
participants opted for simpler mechanisms in their final projects 
(for example, several groups intended to build walking robots but 
ended up using wheel connected directly to motors). Over the 
course of the three events, we put increasing emphasis on using 
the pre-cut mechanical parts for complex mechanisms, and we did 
see an increase in student success using these parts, but we will 
introduce more scaffolding in the future to support the design of 
mechanical assemblies. This will likely involve a more complete 
set of example mechanisms that students can start from and a 
tutorial focused on mechanical design. 

3.3 Good Hard versus Bad Hard 
In his analysis of physical computing kits Blikstein introduces the 
terms “foregrounding” and “backgrounding” to describe elements 
of electronics that hardware kits either black box away from users 
(background) or leave exposed for them to wrestle with and 
understand [1]. We extended this concept to our mechanical parts, 
and the design of our event. Using terms borrowed from the 
videogame industry, we employed the idea of “good hard” vs 
“bad hard”. Good hard happens when students struggle with 
important ideas or skills (e.g. a student fixing code that doesn’t 
work the way they expected), while bad hard occurs when tools or 
processes are difficult (e.g. a student struggling to connect wires). 
This simple design principle helped us refine our paper 
mechatronics kit through the multiple iterations of the Robot 
Petting Zoo. When we noticed students getting stuck, we would 
ask ourselves “is this bad hard?” and, if it was, we would try to 
design solutions for their problem. As an example, students often 
had trouble mounting motors securely onto their creations. 
Deciding that we didn’t want them focusing on this problem, we 
created a laser cut bracket that could easily be folded together to 
form right angles (see Figure 2). Examples like this demonstrate 
the ability to rapidly iterate on education designs when using 
digital fabrication tools and free materials. 

4. Next Steps 
Our intention is to run more Robot Petting Zoo makeathons over 
the next year to help bring design and engineering education to a 
greater number school-aged students. To support this scaling 
effort, we have made a website 
(www.techhivestudio.org/makeathon), which contains a guide for 
running the event and links to all of our digital design files. We 
are also planning on organizing a lending program so teachers can 
borrow paper mechatronic kits to host their own makeathon event 

in the San Francisco Bay Area. We are already seeing a strong 
interest with requests from teachers, maker educators, and 
program providers to use the Robot Petting Zoo program and 
deliver makeathons with their audiences. We invite participation 
from different communities interested in co-designing paper 
mechatronics kits and delivering events with their teachers and 
learners. 
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