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Figure 4.20: Rose and Bernadotte write a script with lines for their troll character.

collaborate to write a cross-over script where each of their characters meet. As we saw with the
Grade 6 class, students engaged with the kit in different ways; some were driven by the making, such
as Amir, who was determined to build a tripod to allow his alien puppet to stand while it talked,
as seen in Figure 4.22.

Figure 4.19: Grade 2 River stated
during her interview: “I’m the
background designer.”

For some students, it was the creative aspects that engaged
them. Some focused their efforts on drawing the art for their
puppets or designing scenery to enhance their shows, like in
Figure 4.19. Another Grade 2 student chose to make a 3D
basketball court for his LeBron James paper puppet (see Fig-
ure 4.21). Others were drawn in by the script writing element;
one pair of students, Rose and Bernadotte, decided as they
worked on their script that their story needed “something evil.”
This led them to create a new puppet, a villainous troll swing-
ing an animated spiked club (see Figure 4.20).

In the final sessions, Sonny encouraged each group to spend
time putting the final touches on their creations. Some groups
focused on adding to their script, some chose to spend time
designing the set and props from cardboard pieces, and others wanted to perfect their character
puppets with structural additions. The Grade 2 animatronics activities ended with a performance
of their scripted shows in front of the class.

4.9 School Workshop Study Discussion

Our takeaways from the Grade 2 and Grade 6 study centered around the four major themes which
emerged from our analysis process: creativity, challenge level, benefits of cross-grade mentoring, and
suitability of the kit for elementary classrooms.

Combining Creativity and STEM with Puppet Design The focus on storytelling opens
up endless creative possibilities. The parts in our kit were originally designed for the purpose of
animating the mouths of talking characters. Perhaps unsurprisingly, the students immediately found
creative ways to incorporate the simple linear motion to animate their characters, such as a pogo
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stick, a Whack-a-Mole game, and an ice cream cone. In the words of Grade 6 student Ryan, “There’s
pretty much no limits.”

The open-endedness of the character design task provided student choice while allowing stu-
dents to practice design thinking and problem solving. All the participants appreciated the creative
freedom the kit afforded students. Both Anita and Sonny expressed in their post-interviews that
students were highly engaged, and some threw themselves into the process of creating a character,
writing a story, and designing and crafting the puppet. Students were able to bring their own in-
terests into the stories, whether it be from popular culture or something more personal. Several
Grade 2 students drew inspiration for their stories from video games like Minecraft (for example in
Figure 4.18). Sonny remarked that “motivation comes from different places. It’s really exciting for
them to bring something like a character that they like to life.”

Ryan’s experience with STEM allowed him to understand the input and output of the Audio
Board with no instruction, and independently create the bird in Figure 4.17. Charlie, who had
knowledge of origami, showed his special friend how to make a 3D papercraft claw, which he ac-
tuated using the Linear Motor. But while these students were able to leverage knowledge from
extra-curricular experiences, the majority of students, even in the Grade 6 class, struggled to find
innovative applications for the kit, which could imply that creative mechanical design is not well
scaffolded in the curriculum. Even using the components currently provided in our kit, it is possible
to create more interesting motions, but few students possessed the engineering skills to experiment
with them. Further research is needed to work towards equipping kids with these valuable skills.
What is missing, perhaps, is a way to more creatively use the available technology – for example,
using our limited motor mounts to create more interesting motions than 2D translation and ro-
tation. The current curriculum doesn’t seem to cultivate these skills, as evidenced by the similar
complexities of the motions used in creations of the Grade 2s and Grade 6s.

Figure 4.21: 3D
basketball court
made from paper.

Students Becoming Teachers Cross-grade mentorship provides benefits
for mentors and mentees, increasing engagement and providing students with
opportunities for social-emotional growth. Anita spoke of the value of the
creative partnerships in brainstorming and community-building, saying, “It
was nice seeing them. The special friends were helping the bigger kids. . . I
thought it was a really good relationship, bouncing ideas off one another.”
She described how the the Grade 2s provided direction on “how they would
want the animatronics to work, like how fast, how slow. How it should move.”
Students also reflected positively on the experience. Sasha described seeing
herself as a teacher: “It was kind of cool to hear myself explaining it to her . . .
because I hadn’t really– I just kind of knew it in my mind, but it was cool to
hear myself explain it.” Thus, despite the lack of challenge felt by some of the

Grade 6s, authentic motivation of creating a story for their special friend led to deeper and more
sustained engagement.

Sonny reflected that having the experience with their special friends gave the Grade 2s a famil-
iarity with the parts that allowed them to begin constructing characters independently right away.
It also gave them examples of what a successful working puppet looked like, which guided their
own design and building process. The collaboration with the Grade 6s provided direct inspiration
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Figure 4.22: Grade 2 students perform their puppet show for the class.

for the Grade 2s’ creations. For example, after seeing her special friend build a character swinging
an axe with a Rotary Motor, Grade 2 student Fatima used a Rotary Motor to make her character
swing a makeup brush in the same way. Another Grade 2 student expressed a very strong interest
in using the Audio Board after seeing his special friend use it. Seeing their special friends work on
animatronics also provided another source of motivation for Grade 2s, with the Grade 6s acting as
role models. Sonny highlighted the intrinsic motivation for his students in working with older kids,
saying, “I think that feels, you know, exciting for younger kids to feel like they’re doing things that
older students are doing.”

Insights into Classroom Kit Evaluation The classroom environment is often chaotic and busy,
and the classrooms in our study were no exception. One difficulty this introduced was the frustration
students felt using the Mic Board, with many reporting that it didn’t move the motors the way they
expected it to. Students preferred boards that they felt gave them more control. Many students,
especially in Grade 6, chose to use the Knob Boards or even the more complicated Audio Boards,
instead of the Mic Board, indicating room for improvement on the technical implementation and
interface of the mic board. The new PupCon board in Figure 4.5 was designed to give visual feedback
while changing each setting using a knob. Perhaps in a future iteration, a push-to-talk button similar
to walkie-talkies would alleviate the unwanted microphone response from other noises in the room.

In terms of character movement, some students encountered problems based on the materials
they used to make the puppet. When students taped larger pieces of card stock paper to the zip tie,
the zip tie would bend and twist, preventing the puppet from moving properly. In his post-interview
Sonny said, “If it gets too big, it gets so floppy because like the motor’s so small, there’s not a huge
backing to attach it to,” demonstrating the need for a more rigid attachment than a zip tie. In one
case, Sonny cleverly taped a popsicle stick to the zip tie, allowing the student’s puppet to move the
way she wanted.
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Students also ran into technical hurdles with the motors. One type of servo developed a jamming
issue, due to manufacturing errors, which occurred occasionally during our time with the Grade 2s,
requiring a facilitator or student to gently pull on the zip tie to unjam it temporarily. When
troubleshooting this and other technical issues, Sonny said that he became comfortable over time as
he gained experience with the kit’s components and materials. Anita, on the other hand, reported
that she didn’t have to do much troubleshooting at all with the Grade 6s, since they were self-
sufficient when problem solving.

Challenge Level and Suitability for Elementary Students The kit provides a suitable chal-
lenge for younger elementary students but lacks the technical complexity to deeply engage older
kids. One of our goals in providing easy-to-use PCBs specialised for animatronic puppetry is to
lower the technical barrier to entry to begin telling stories, and the “plug-and-play” connectivity of
components in our kit supported this. Anita said, “Once [the Grade 6s] had that first kind of lesson
and their questions got answered, then they were off. So, it was a quick learning curve.” Sonny told
us “the benefit of having it so programmed is that it makes it really accessible.”

The trade-off to having an easy-to-use kit made specifically for animatronics is the lack of open-
endedness on the technical side. Students found that the fixed functionality of the motors and
boards limits the complexity of possible creations. In our group discussions, the Grade 6 students
expressed a desire for more complex types of motions and motor mounts, possibly akin to the gear
systems used in [104], which would widen the design space. Anita also noted that the students “want
to be more involved in the technology and the innovation of it” and suggested including details on
the design of the PCBs themselves in future iterations of the kit. We were not able to include the
Audio Board’s feature of giving independent control of two motors because we could not install
necessary software on the students’ laptops. This could have provided a next step in the progression
of difficulty through our kit.

In contrast with the older kids, Sonny’s Grade 2 students were sufficiently challenged by the
character construction. Mechanically planning the design proved difficult but in a good way. Sonny
reflected, “That’s awesome engineering problem solving for them. Trying to realize a character in
those constraints is really good learning.” Grade 2 students also struggled with motor skills required
to physically build the character. River told us that cutting out the small pieces of the legs of her
Minecraft creeper was the hardest part but was rewarding too. She said that her favourite part was
“seeing what it would look like when [she] was done.”

4.10 Robotics Camp Workshop 2

After the school workshop study, we again collaborated with the robotics institute from Section 4.6
who ran another 1-day workshop at the end of a 1-week robotics camp. Thirty-four students aged
7-16 attended.

Our goal this time was to 1) improve on the aforementioned aspects of classroom management
and age range issues from the last workshop and 2) try to incorporate programming into the tasks
using the Audio Board, Arduinos, and the Servo Shield. As discussed in Section 4.4 about the kit,
our Audio Board can be used to trigger events with an Arduino microcontroller.

From the classroom management issues we encountered during the first camp pilot study, we
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better scaffolded the day’s activities thanks to the robotics institute staff, who created an online
instructable that students could work from at their own pace (see Figure 4.23).

Students were also arranged in groups at tables with peers around the same age, which allowed for
tables with younger students to spend more time on the tasks they struggled with and for teachers to
answer questions for the whole table all at once. This eliminated the waiting period where students
would raise their hands for help but all staff members and research team members were busy. Older
students were able to move onto the more advanced tasks for the day by going through the module
on their laptops.

Like the first robotics camp workshop, the morning activity was to create a puppet either from
a given template or to make their own character. Again, most students chose to use a template but
some chose to decorate the template to give it their own personal flair. For example, two girls who
used template animal puppets showed their creativity. One student added hair to the penguin and
the other added earrings to the zebra, modeled after members of a K-pop band they enjoyed.

All students successfully completed the morning activity. After lunch, students moved on to
making 2 character shows with the Audio Board, and then further onto a programming task. The
programming task involved connecting jumper wires from the Audio Board to an Arduino and
also plugging in the servo shield from our kit to the Arduino. Using skeleton code and guiding
themselves through the online module, the students connected three linear motors to the servo
shield and programmed simple movements in the Arduino IDE to animate buzzing bees. About half
of the students reached this portion of the assignment, and around 10 students finished up the task
right as the day ended and all the equipment had to be taken apart and given back.

Overall, this robotics camp workshop was much more successful than the first one in terms of
student progress and classroom management.

4.11 Broader Discussion Including Robotics Camps

Age Group Considerations Dealing with different age levels can be difficult as we’ve seen in our
school user study, and this is exacerbated when the age range is even bigger. The younger students
can struggle with cutting out their characters and putting together the motors, while the older
students finish this task quickly, and if the task is improperly planned, have nothing to work on next.
In the first robotics camp workshop, this led to a chaotic and frustrating classroom environment.
Thus, we tried to give the older students programming tasks to work through independently using
prepared online slides on their own laptops in the second workshop, like those in Figure 4.23. This
worked very well because this time around, students were split into age groups at each table. That
way, the tables with the younger groups got to work on the skills at their level and help each other
out, and the tables with older groups were able to move onto the programming portion of the task
at their own pace. The first robotics camp workshop let students sit with their friends and siblings
which, while fun for the students, led to a mismatch of skill levels. The classroom management,
although lively with all the students working on their animatronics, was much calmer and more
organised than the first workshop.

Student Backgrounds It’s worth noting that the students who took part in this workshop were
self-selected for doing technical activities, in that they were already participating in a robotics



CHAPTER 4. ANIMATRONICS 67

(a)

(b)

(c)

Figure 4.23: The module made by the robotics institute staff. The Animatronics module on the
online platform (a) has 4 sections. The first section (b) shows students how to plug in the Servo
Shield and Audio Board into the Arduino. A section later in the activity (c) explains the Arduino
code step by step to help students if they get stuck.
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summer camp. Many of them had previous programming and robotics experience before starting
our animatronic workshop. Naturally, these kids are either self-motivated to learn technical skills or
their parents had signed them up to participate. Parents are often eager and perhaps a bit pressured
to have their children learn to code, as it has become a desirable skill in society.

The K-6 students in our school study did not have a choice to participate since the assignment
was done during their regular class time. In a more general student population, students will have
a wide range of previous experience with technology and programming, and as noted earlier, many
of them preferred the craft and storytelling aspect of the animatronic creation process. However,
in the robotics camp workshops, we observed that very few students would have chosen to do the
art portion of the activity themselves as evidenced by the number of students who chose to use
given template puppets in our kit rather than create their own character. The second robotics
camp workshop had a higher level of technical difficulty than what we did in the school, which was
expected due to its specialised nature. To be fair, there is not enough time to teach the students the
basics of storytelling, have them come up with original characters and dialogues, craft the character,
construct the puppet, and get to the programming stage in just 1 day. In the future, extending the
robotics camp workshops to two or even three days would help us blend the technical and storytelling
aspects together better.

Technical Teachers vs. Non-technical Teachers The robotics camp workshops and the pilot
study with the JK students were all run by technically proficient teachers with plenty of personal and
teaching experience in the field. They were able to independently plan their workshops with little
input from our research team other than briefly showing them how the parts in the kit worked. The
second robotics camp workshop featured a nicely planned and aesthetically pleasing online module
about animatronics that their staff made the week of the workshop. The module worked extremely
well in this context, but it is fair to say that non-technical teachers have neither the time nor training
to create their own animatronics curriculum. Developing more teacher training tools is necessary if
we want using animatronics in the classroom to be a feasible option for teachers without a strong
technical background.

Even without a tech background, the Grade 2 teacher was able to troubleshoot for himself pretty
well. We saw his clever problem solving skills throughout the study. The Grade 6 teacher’s students
were able to work out problems amongst themselves for the most part. However, in both classrooms
the research team had to jump in to diagnose in-the-moment issues with the hardware in order to
keep the flow of progress.

4.12 Storytelling + Programming with Audio Boards

The versatility of animatronic activities and utility of our kit is difficult to show accurately, with
most students we worked with being Grade 6 or below and with such a small sample size. There are
many other types of possible projects to build with the kit, which we expect would challenge middle
and high school aged students and give them the right amount of difficulty and expressivity.

As mentioned in our study, the Grade 6 students were hungry for more technical challenges after
successfully using the two easier boards in their animatronic stories. The Grade 6 teacher in her post-
interview reiterated to us that her students craved to move onto the next more technically difficult
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steps of animatronic activities using the Audio boards. Understandably, high school students would
most likely also become bored with the simple live puppeteering tasks we did with the younger
students.

One of our goals with bringing animatronics into the classroom is to combine the technical skills
with storytelling in a compelling way to show all students that they are capable of every part that
goes into making an animatronic show. The following example animatronic shows demonstrate the
extra capabilities of the Audio Boards which would typically be done by middle and high school
aged students, although some of the Grade 6 students expressed interest in doing more advanced
animatronics shows.

Using the Audio Board’s feature to control two motors independently, students can record conver-
sations between two characters on the right and left tracks of an audio file to make the animatronic
characters talk to each other, as seen in Fig 4.24. Two meerkats speak to each other about their
nocturnal nature, educating viewers about the type of animal they are.

Figure 4.24: Two meerkats discuss their sleeping habits.

As mentioned, the Audio Board can connect to an Arduino to add programmable cues into the
show. Seen in Figure 4.25 the Elk example utilizes the LED shield, an attachment in our kit that
plugs into an Arduino microcontroller, to trigger LED lights to aid the story. The elk educates
viewers about different holidays, lighting up the LEDs as they talk about each one.
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Figure 4.25: The elk teaches the audience about Christmas, Hanukkah, Kwanza, Diwali, and New
Years. The LED shield attaches to the Arduino and allows easier programmatic control during the
show.

In the example in Fig 4.26, dialogue on the right audio track makes the character talk, and the
left audio track can be used to control other motors by programming events to happen at each beep
in the track. The Billy Bear example contains a talking bear telling the audience about the role of
bees in the environment, as the bees constantly buzz throughout the show. When Billy describes
that bees are in danger, they are cued to “disappear” behind the clouds, using Linear Motor units
attached to the zip ties. Billy’s eyes also move back and forth during his talking, giving a more
realistic performance. The servos used in this show take advantage of the servo shield in our kit,
pictured in Fig 4.7, to control five servos at once.
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Figure 4.26: Billy Bear explains the importance of buzzing bees around him.

An even more advanced assignment can add interactivity into the animatronic show. The follow-
ing example in Fig 4.27 is intended for upper year high school students to do over a longer period
of time. The interactive Shakespeare example not only includes written dialogue, intermittent eye
blinking, and glancing but also is connected to a backend written in Python which communicates
with the ChatGPT API. Users can speak into the microphone and ask Shakespeare a question. The
audio is converted from speech to text, which goes into a ChatGPT prompt asking the large language
model to respond to the question in the style of Shakespeare. The response from ChatGPT is con-
verted from text to speech and said by the animatronic character using our Audio Board. This can
generalise to other historical figures, famous people, or original characters; it simply requires chang-
ing the ChatGPT prompt. Because ChatGPT can take a few seconds to respond, we have included
pre-written lines of audio in the style of Shakespeare which are played while the program waits for
the returned ChatGPT response. Additionally, if an assignment like this is used in the classroom,
students can analyse whether the language model produced an accurate response, providing another
layer of learning the topic.

4.13 Future Work: Impact of Animatronics in K-12 Class-

rooms

We presented a Paper Animatronics Kit aimed at K-12 students along with four separate pilot
studies. Our two Robotics Camp 1-day Workshops shed light on the experience and limits of working
with large age ranges of students in a very short amount of time and allowed us to quickly test new
kit components. We also conducted a School Workshop user study in a K-6 lab school to validate
its suitability in a classroom context, including a pilot study with Junior Kindergarten students and
a longer term study with two older grade levels. Constructing puppets with JK students allowed for
initial observation of the kit and animatronic building process with very young students and prepared
us for our largest user study in this thesis. Working with the Grade 2 and Grade 6 teachers and
students, we aimed to evaluate the benefits and challenges of using animatronics with our kit in
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Figure 4.27: ChatGPT Shakespeare can answer questions in old English.

their classrooms. Our results indicate that the kit was effective at engaging students in the creative
process, and provided opportunities for cross-curricular integration of STEM and literacy.

We believe that the interdisciplinary nature of animatronics provides an effective way of bridging
creative and technical activities by providing multiple entry-points for varying student interests.
Incorporating cross-grade mentoring gave students motivation and inspiration to tell stories, fostered
collaboration and idea-sharing, and encouraged self-reflection of prior learning.

We are interested in improving the interfaces and functionality of the boards in our kit. For
example, being able to program motions with the Knob Board would give students more control.
Additionally, more investigation is needed into the state of creative and design thinking skills in
STEM education to uncover how best to develop and scaffold these skills across the curriculum.

In our initial conversations with Grade 2 teacher Sonny, we discussed using animatronics in their
science unit learning the life cycle of the Atlantic salmon. Every year, the Grade 2 classroom hosts
an aquarium and habitat for salmon, watching them go from salmon eggs all the way to releasing
them in the wild. The activities would be salmon-themed, and the class would split into groups, each
studying a different phase of life. They would create salmon egg and fish puppets of all backgrounds
telling the stories of their characters while learning important science concepts. Because of time
constraints and for ease of fitting animatronics into the classroom, Sonny chose to more seamlessly
fit the animatronics into the Grade 2 literacy curriculum. We want to explore more cases of using
this medium to learn subjects other than literacy – rather than just augmenting creative writing
with animatronics – and are interested in utilizing storytelling to teach students science, history,
and more.

A more long term goal with animatronics in the classroom is to empower the students using
the kit not only to express themselves through this art form but also to challenge the way they
see themselves and their skills. An 8-week study is not enough time to examine the long term
impact of teaching kids that they can be technically inclined and be creative, not one or the other.
We observed students who prefer crafting their characters successfully understand the mechanical
concepts behind making it move with the boards. We also saw students who told us they only liked
the “tech” part make meaningful characters and engage with their classmates. This is a promising
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step in the right direction, but further study is required.

4.14 Appendix: Interview Questions

Teacher Semi-Structured Pre-Interviews The following interview questions were a way for
us to explore with teachers what they would want to get out of running an animatronics workshop
in their classroom. We felt this step was important, as the whole point of the collaboration was to
create a mutually beneficial user study where us researchers could figure out how best to support
educators in integrating our animatronics kit into their curriculum. Teachers we interviewed were
not obligated to then run a proposed workshop; these questions were purely hypothetical. However,
two of the teachers we interviewed agreed to participate in the next phase of the study, and the
results of the semi-structured interviews helped influence and inform the workshop we ended up
doing in the Grade 2 and Grade 6 classrooms.

Research Questions for Teacher Interviews for Animatronics in Classrooms

• What type of workshops (using our kit) would they be interested in running?

• What do they hope to teach their students through an exercise like this?

• What are they interested in learning for themselves? e.g. some of the capabilities of technology

• What level of expertise is needed from a teacher to run an animatronics unit in their classroom?

1. Background/History of Teacher and Area of Expertise

• Education history: what degrees, what level of education, what certificates if any do you
have

• Teaching history: where have you taught, for how long, what role, what age groups

• Expertise: specialties, concentrations, other skills and experience

2. Subjects

• What subject(s) do you teach?

• What made you want to teach that subject? (if they are a subject-specific teacher)

• What is your favorite subject to teach? (if they are a primary school teacher who teach
all subjects)

• How much freedom do you have to implement new workshops into your classroom?

3. Student Demographics

• What age groups do you teach?

• What gender groups do you teach?

• What income level groups do you teach?

• Do you see clear differences between how these groups learn? react to assessments? engage
in the classroom?

• Do you teach students with disabilities?
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• How do you approach teaching or engaging a student who dislikes a certain subject with
various class activities or lessons? (e.g. a student doesn’t like math so it’s hard to get
them interested or feeling good about doing math problems in class)

4. Comfort with Technology

• Have you used a robotics or electronics hardware kit in the classroom before?

• What was it called?

• What did you use it for?

• Did you like it?

• Did your students like it?

• Would you feel comfortable using this kit in your classroom without help? (After appro-
priate training and practice?)

• Why or why not?

• What parts do you find confusing?

• What parts do you find intimidating?

• What kind of accessibility features would be needed in order to make the animatronics
workshop accessible?

5. Evaluation

• How to assess if students learned better or engaged more in the subject using the kit?

• How do you normally get a feel for how well a student learns or how excited they are
about a topic?

• Do you expect the students will enjoy completing the assignment you designed?

• How to evaluate how well a story was conveyed?

Grade 6 Post Exploratory Learning Group Discussion After the first session of the anima-
tronics workshop with the Grade 6 students, we led a 10 minute group discussion with the whole
class. The Grade 6 students had 1 hour to figure out on their own how to use two of the boards in
our kit. The guiding group discussion questions were as follows:

• Please describe what you made. Who is your character?

• Why did you choose that character?

• How did you come up with the script?

• Did you have fun making the puppets?

• What did you find enjoyable about the process?

• What challenges did you run into during the process?

• Ask the student to walk through their problem solving process during the challenge.

• What other things did you want to make your puppet do that you couldn’t?
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Grade 6 Post Mentoring Group Discussion After the first Special Friends session where
the Grade 6 students made puppets with their Grade 2 assigned student pairs, we led another 10
minute group discussion with the Grade 6 students once their special friends returned to their own
classroom. We wanted to ask the Grade 6 students if their own understanding of the boards changed
after teaching it to their younger friends. The guiding group discussion questions were as follows.
During discussion we added follow up questions depending on how the conversation went.

• Which boards did you use for your special friends and why?

• When you were working with them, did you try to encourage them to figure out the moving
parts? (Or did you do it for them?)

• Did you explain the parts to them? Or did you demonstrate and show them?

• Last time I was here, you all did really well and figured out how they work basically on
your own. So when you were teaching your special friend, do you think it gave you a better
understanding of the boards, or you felt like you already knew how to do it?

• Which new things did you learn about the functionality, if any?

• In teaching the board to your special friend, do you feel like that enhanced your learning? Or
do you feel like it was the same?

Grade 6 Individual and Small Group Interview Questions After the Grade 6 students
spent more time on the shows that they were writing and presenting to their special friends, we
interviewed individual students or groups of 2-3 students at a time. We asked them about

• What’s your story?

• Ask follow up questions about their story.

• How did you come up with story and the design of your character?

• How does it move?

• So you knew it was going to move when you were making it, right? So did that affect the
drawing part? Did you think about it while you were drawing?

• What did you find difficult about it?

• If you’re working with a partner or group, how did you split the work? Are you working on
the art or tech part?

• Did you have a favourite part about the activity? What did you like more (art part or tech
part)?

• Name another thing you might want to make with animatronics.

• What other school assignment would you want to do (or re-do) using animatronics?

• Would you want more assignments like this?

• Do you think of animatronics as some way to communicate or is it like more creative story-
telling?
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Grade 2 Individual and Small Group Interview Questions We also interviewed the Grade
2 students individually or in small groups after they worked on their animatronic shows. The Grade
2 students had each been writing their own creative stories, and chose a character to make a puppet
by themselves (after having done it with their special friend). Then they formed groups and wrote
scripts involving their characters meeting each other. We interviewed some groups of the Grade
2 students. The questions were similar to the Grade 6 interview questions. We also asked about
their special friend dynamics since we had only talked to the Grade 6 students about the mentoring
aspect at that point. We asked a subset of the following questions depending on the patience of the
Grade 2 students, the flow of conversation, and trying to gauge how well the student understood
the question worded a certain way.

• Tell me about your character.

• What’s your story?

• How did you decide to make that specific character from your story instead of any other?

• Did you find any part of this process hard? Which part?

• Are you happy with what you made?

• Did you find it difficult?

• What was your favourite part?

• Did you learn a lot from your special friend (or did you figure it out by yourself)?

• Did you like writing the story or building the animatronic?

• How did you make it?

• Do you think building it with your special friend helped you build it yourself?

Teacher Semi-Structured Post-Interviews After the school study was completed, we went
back to talk to the Grade 2 and Grade 6 teachers about how they thought the animatronic activities
went based on their observations. To help answer our research questions, we wanted the teachers’
perspective on student engagement, mentoring, curriculum integration, and the kit itself.

1. Student Engagement

• Comment on the combination of art and STEM.

• Did you notice any students who seemed more into the activity than usual? (focus and
motivation)

• (for me) Restate goal of activity: to create entry points into art/storytelling and STEM
for students who prefer one or the other. (for the teacher) Do you think we motivated
STEM learning through storytelling?

2. Cross-Curricular Integration

• Were you satisfied with how their stories/puppets turned out? Did anything surprise
you?
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• How do animatronics fit into your curriculum goals? If you could fit animatronics into
another unit, how would you do it?

3. Mentoring

• Do you think having the students teach their special friend strengthened their own un-
derstanding?

• Did it affect what they made?

4. Teacher Comfort

• How did you find facilitating something like this? i.e. complexity/equipment/busy-
ness/classroom management

• How did you find implementing a STEM activity?

• How comfortable would you be doing this without us and/or the tech teacher – fewer
adults in the room?

5. Kit

• What other parts do you think would be useful to add to the kit?

• Which things could be easier? What did they struggle with?



CHAPTER 5

Conclusion

The main question of this thesis was: How can physical storytelling be enhanced by improving each of
the three mediums: floating sculptures, zoetropes, and animatronics? The innovations presented here
are not only technical advancements; they redefine how audiences and creators interact with these
forms. Conceptually, the enhancements of these mediums lead to a more immersive and accessible
experience and allow for deeper storytelling than before. The mediums discussed throughout this
thesis certainly do not cover the entire field of physical storytelling, but instead form a representative
set that spans a wide range of experiences and challenges within physical storytelling. Each medium
— floating sculptures, zoetropes, and animatronics — represents a different approach to immersing
audiences physically in storytelling. By addressing the structural challenges of floating sculptures,
the narrative limitations of zoetropes, and the accessibility barriers in animatronics, this thesis has
expanded what is possible in terms of both the depth and breadth of physical storytelling.

Sculptures represent the long tradition of human expression through still objects like cave draw-
ings, paintings, and ceramics to name a few. Still objects capture a single moment in time; a physical
space with arranged sculptures can immerse viewers in the space with the scene. A challenge central
to creating a space full of sculptures has been how and where to mount the objects such that they
tell the story the artist is creating.

In the case of floating sculptures, I explored how to adapt mechanical engineering optimization
techniques to balance force and torque constraints while maintaining an invisible support structure.
By developing an algorithm that conceals these supports, I contributed a novel approach to creating
immersive, walk-through experiences where the audience can engage directly with the suspended
sculptures. This technique not only opens up new possibilities for gallery exhibits but also empowers
creators to design intricate, floating environments that feel magical and structurally sound. The
validation of this method through real-life wire and rod structures demonstrated its feasibility and
practical potential in physical storytelling.

Floating sculptures now invite audiences to step into a scene that feels truly unsupported and
untethered, creating a new layer of immersion. Immersion is an important aspect of any storytelling,
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and physical stories are no exception. Suspension of disbelief is the key to experiencing and enjoying
a fictional story. Any visible rods can distract the viewer and take away from the narrative being
told with the objects and 3D space of the exhibit. Additional improvements to the method, such
as allowing rods to bend under load instead of requiring straight truss elements, would enable
more complex and thin objects to be supported invisibly. The tradeoff here is that this inevitably
complicates the optimization problem by introducing non-linearity which would cause the solver to
take longer to find an optimal solution.

Another challenge to consider is that the shadows of the rods in my resulting structures may be
visible, even if the rods are not. My method as it stands does not consider light sources in the scene
as part of the visibility considerations. A light source in the scene could be treated as another viewer
(or viewpoint distribution) looking into the scene, and this could be easily added to the computation
of the visibility cost for each rod using standard ray tracing techniques.

In terms of artist experience, my method could benefit from a more visual way to instruct the
maker in assembling the scenes. For the flying seagull example in Chapter 2 Figure 2.14, I needed
to know the precise locations of the wires’ attachment points to the supporting surface and scene
objects and a way to attach them. This required adding small torus shaped meshes to act as hooks
which I could tie fishing wire to, and it required exporting the meshes of the scene along with the
hooks and importing the geometry to 3D printing software. Similarly, assembling scenes with rods
was equally painful as I needed to carve indents or holes for the rods into the meshes of the scene
at attachment points. Constructing arrangements of floating sculptures through a usable graphical
interface rather than running scripts would be preferable and allow for more creators to make scenes
using my method.

Applying this method to create a larger scale storytelling walkthrough would be exciting and
further prove the viability of the method. One idea for a large scale exhibit is a spooky children’s
playroom. This would involve purchasing objects such as toys to be levitating around the room and
then creating a digital version of the scene to be run through the algorithm. The viewpoints would
follow a path through the 3D space rather than a distribution on a plane. The immersive experience
of traversing the playroom would reveal that the dolls and horses are haunted through audio and
potentially even LEDs in the dolls’ eyes.

Large scale fabrication is an interesting subfield on its own, and many of the techniques could
be useful when it comes to creating a large exhibit. For example, building information modeling
(BIM), is a methodology used in architectural projects to plan and visualise buildings before they
are constructed and to aid the construction process through software [6]. Baudisch et al. similarly
have made large scale truss fabrication hardware and sofware systems which aim to let users create
truss structures from steel and springs [76] or automatically from inflatable material [118].

Zoetropes take still sculptures and add life to them with movement through time. Zoetropes
are the predecessor to modern film, and the medium quickly evolved into telling longer form stories
projected in movie theatres. The advantage to zoetropes over film is the ability to watch truly 3D
movies rather than 3D scenes projected onto images. As discussed in Chapter 3, a drawback of
other 3D displays is that projections and screens are backlit, removing any way to interact with the
scenes using light. Hirsch et al. propose a bi-directional light field display to mitigate these issues
and maintain a glasses and headset free experience, a feature my zoetrope also has [56].

To work within the short and periodic limitations of zoetropes and take advantage of interaction
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with light, I expanded on the traditional medium by incorporating audio triggered by user-directed
light, enhancing both the interaction and narrative depth of the stories they tell. My work revealed
hidden elements within a scene, allowing viewers to experience plot twists and uncover surprises
through active participation. By giving the audience the ability to trigger audio cues, I pushed
the boundaries of how a zoetrope can engage viewers and challenged their assumptions, making the
story more immersive and multifaceted. This innovation allows for more complex storytelling within
the limited physical constraints of zoetropes.

There is ample room for injecting more interactivity into zoetropes. Along with visual and audio
cues to tell the story, other senses could be engaged; for example a story taking place outside during
a chaotic storm could feature blowing wind and the smell of rain to further immerse the viewer.
Additionally, more information can be packed into my 3D zoetrope and revealed in different ways.
Taking advantage of the strobe light, certain objects in the scene can be hidden until viewed with
UV light.

An artist could interleave stories between even and odd frame sets within the same zoetrope,
switching between them when the user focuses on different parts of the scene or after a set amount
of viewed revolutions of the wheel. One scene could be displayed on every even-numbered frame in
the zoetrope, flashing the light only for those frames. If the viewer shines the light on a specific part
of the scene, the zoetrope could switch to flashing the light on only odd frames to reveal a slightly
different scene, subverting initial expectations of the story.

The Eigen Zoetrope introduces the idea of piecing together a single frame from multiple frames,
adding together parts of each frame and fusing them using very fast motion and light [75]. An
example that could be made using this technique is a story involving ghosts. By spinning the
zoetrope so quickly that flashing the light on multiple frames seemingly in the same place, an artist
could create the illusion of transparency. The two frames could contain the background of the scene
and only one of those frames could contain a ghostly character. When viewed at almost the exact
same time, both frames combine to make a solid background with a transparent ghost. This could
also be a clever way of hiding support structures for floating objects!

It would be really fascinating to be able to generate 3D scenes that look the same upside down
so that a viewer on each side of the wheel could experience the story instead of just one at a time.
More complex is the idea of having two separate stories for the viewers on the two sides, where each
frame must be semantically meaningful and temporally coherent. Using diffusion models, Geng et
al. were able to produce multi-view optical illusions in the form of images displaying one scene when
viewed at first and a different scene when the image is flipped [44]. Temporal coherence and an
extension of their method into 3D could enable zoetrope anagrams.

To physically fit more frames of animation into the story, a spiral shaped zoetrope or a linear
zoetrope could allow for longer or more detailed stories to be told, although this is a grand engineering
feat.

Another avenue for future research could address the inaccessibility of zoetropes to people who
cannot look at flashing lights. Currently that population is completely unable to view my zoetrope
animations in person. One way to approach this problem is by designing a ratcheting wheel spinning
mechanism, similar to the way film projectors work. Reaching more people with stories in this
interesting format is crucial to the idea that storytelling is about community, empathy, and self-
expression. Anyone should be able to tell a physical story with these mediums in an ideal world.
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Animatronics also move sculptures, but instead of showing still frames consecutively, they
show a single frame of moving sculptures. The roots of animatronics came from mechanically
moving automata all the way to large scale physical talking and moving lifelike robot characters we
see today in theme parks.

With the medium of animatronics, I focused on making this traditionally complex medium more
accessible, particularly within a K-12 educational context. By developing an affordable, versatile kit
that blends papercraft and simple electronics, I offered students the tools to tell stories through phys-
ical puppetry. My approach showed that animatronics could democratize storytelling for students,
regardless of their technical background, encouraging them to explore mechanical creation, character
design, writing, and performing. Through this work, I challenged the perception that students must
be either artists or engineers, helping them see their potential as creators across disciplines.

My work in paper animatronics can be expanded further as well. New and different types of
servo motor mounts would let students make more complex characters that move in ways other than
just rotary and linearly with joints that have more degrees of freedom. The paper characters could
also move between scenes, possibly using wheels or following along a magnetic track. It could push
students to come up with more complicated stories, for example, with moving set pieces. Even more
lifelike, it would add to the story if the animatronic puppet’s mouth shapes more closely matched
the input audio and mimicked human facial expressions during speech.

Students could create interactive animatronic shows along the lines of the Shakespeare puppet
that takes questions from the audience, mentioned in Chapter 4. This would require more tools
in the kit for both students – who would need to write code, and teachers – who would have to
integrate this into their curriculum.

Forms of interaction other than voice are also an exciting step forward. Using buttons, sensors,
and cameras for other user input to affect the animatronic display can have a big impact on the
immersion, participation, and interest in a show. Of course, making more complex shows requires
intuitive tools for young students to be able to create them. Adding complexity into the stories would
most likely be intimidating for teachers in terms of classroom time and technical skills. Especially
for teachers without technical training, this issue must also be addressed. Potentially a booklet or
guide containing past project examples and a framework of how to design an animatronics lesson
plan could be developed and provided to the teachers.

Reaching students of less privileged socio-economic status is a necessary step forward in the
field of animatronics (but more broadly tangible storytelling mediums) in the context of education.
Indigenous Canadian students of all ages, but particularly high school aged students, rarely get to
experience that level of education at all, much less using traditionally expensive robot components.
Their stories are extremely important to hear and be told by them through their own lens of the
world because they have historically been silenced and ignored.

Together, the contributions of my thesis provide a foundation for further exploration in physical
storytelling, encouraging artists, engineers, and educators alike to build on this work and push its
boundaries even further. By bridging disciplines and expanding the tools available to creators,
this research contributes not only to the development of these specific media but also to the larger
landscape of physical storytelling, making it richer, more inclusive, and more engaging for a diverse
range of participants and audiences.

The future of physical storytelling is bright. Floating sculptures, zoetropes, and animatronics
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can be experienced in new ways by audiences, from classrooms to galleries and even theme parks.
Physical storytelling will continue to grow, as these mediums become more accessible and integrated
into both educational and entertainment spaces. The possibility for more people to not only experi-
ence but also tell their own stories is greater than ever before, making storytelling a truly universal
form of expression.
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