










and seeing its mouth move, and I think it was just
kind of cool. The twisty one, it makes a lot of sense,
it’s like you twist this and it goes up and down. But
the talking one is more magical and fun when you
talk and it talks.

C. Sessions 3-5 - Grade 6 Writing and Puppets

Over these three one-hour sessions, the Grade 6 students
worked individually or in pairs to develop a final puppet,
choosing either to further develop the puppet they created with
their special friend, or to develop a puppet based on a character
from the stories they had been writing in their literacy class.
The sessions were led by Anita, and Ricardo was present at
one of these sessions to provide additional support.

As the students’ confidence with the kit grew, so did the
sophistication of their creations. Working with characters in
which they were already invested, students employed creative
design to create puppets which fit into settings of their own
invention. Leo described how he choose to bring the giant
worm from his story to life: “I picked which character would
look good moving, and I thought about which characters would
be able to move easily.”

Students who completed their puppet early and were seeking
more challenge were invited to use the Audio Board to create
an animated skit. Using a classroom laptop and an online voice
recording service students were able to record lines of dialogue
which, when played back through the Audio Board, animated
the puppet. While experimenting with playing different audio
through the board, Leo and Hiro tried playing music, hoping it
would look like the puppet was singing but were disappointed
to find that the puppet’s mouth simply opened wide when
the music played. Leo later recounted how this experience
deepened his understanding of the technology: “with the song,
it’s not speaking the lyrics. It’s just open when there’s noise,
. . . and then it’s shut when there’s no noise.”

While some students, such as Leo and Hiro, put their efforts
into developing the technological complexity of their puppets,
other students focused on refining the artistic components.
Cindy spent the majority of her efforts carefully drawing her
cartoon rocketeer. She used the Knob Board’s sweep function
to automatically animate the rocket’s flames.

D. Session 6 - Grade 6 Puppet Show and Tell

In this 30-minute consolidatory session, which concluded
the Grade 6 students’ involvement in the workshop, the Grade
2 class once again joined the Grade 6s, two weeks after the
initial mentoring session to see their special friends’ finished
puppet shows. The Grade 2 students had already begun
brainstorming stories and characters for their own puppets at
this point, and this session gave them an opportunity to draw
inspiration from their Grade 6 peers. At the same time, the
Grade 6 students had the chance to see the culmination of the
efforts in creating their puppets as they brought them to life for
the audience of their special friend. The Grade 6s used their
puppets, as well as voices and gestures, to breathe life into

Fig. 6. Simone presents her finished puppet show to her special friend.

their stories. Some students additionally used an online digital
storytelling tool, StoryJumper, to enhance their performance.

Fig. 7. Ryan’s double winged bird.

Near the end of the ses-
sion, Grade 6 student Ryan
created an animatronic bird
with a few others, at the sug-
gestion of his special friend.
Telling us that he “was used
to microcontrollers,” he made
use of the Audio Board’s two
motor outputs to connect a
pair of Rotational Motors to
act as flapping wings. Other
students contributed artwork
for the bird’s wings and head,
and Ryan recorded an onomatopoeic sound effect, “flippity-
flappity,” to animate the wings (see Fig. 7), delighting the
Grade 2 students as they flapped back and forth.

E. Sessions 7-13 - Grade 2 Puppet Shows

For the remainder of the workshop the Grade 2 students
used the kits independently, working on their own puppet
shows. For each of our sessions with the Grade 2 students,
facilitated by Sonny, we worked with half-groups of 11
students at a time. Ricardo was present at two of these sessions
for support and observation. We worked with each half-group
three times over six 1 hour sessions, supporting them as they
developed their characters into puppets. Group instruction was
largely the same between half-groups, and students worked at
various paces in pairs or small groups.

Sonny began with each half-group by (re-)introducing the
components of the kit, asking if they remembered their names
and how they connected together. Despite the fact that the
Grade 2 students had not received direct instruction on the kit,
they were able to describe the purpose of the motor, board,
and battery, and how to connect them, due to the hands-on
experience with their special friends. They were easily able
to recall how to use the boards they had familiarity with
(either the Knob Board or the Mic Board) and were able to
immediately begin creating puppets. They were tasked with
picking a character from their story and bringing it to life.



Fig. 8. The progress of Grade 2 student River’s Minecraft creeper puppet character named “Boomy McBoomerface.”

Compared to the Grade 6 students, who generally only
needed help when facing technical problems such as flat bat-
teries, the Grade 2s needed more teacher support. In particular,
attaching the motor to the paper cutouts proved taxing to the
students’ fine motor skills. This was partly exacerbated by the
small size some students drew their characters on the card
stock, and after the first pair of sessions Sonny chose to make
an exemplar puppet available to students based on one of the
templates provided with the kit to give them an idea of sizing.

As the students began completing their puppets, Sonny had
them form small groups of 2-4 and 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 Fig. 10.

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. 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 swinging an
animated spiked club (see Fig 9).

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.

Fig. 9. Rose and Bernadotte write a script with lines for their troll character.

VI. DISCUSSION

We discuss our takeaways from the 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.

A. Combining Creativity and STEM with Puppet Design

The focus on storytelling opens up endless creative possi-
bilities. 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 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 students 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 interests 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
Fig. 8). 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 Fig. 7. Charlie, who
had knowledge of origami, showed his special friend how
to make a 3D papercraft claw, which he actuated 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.



B. Challenge Level and Suitability for Elementary Students

The kit provides a suitable challenge 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, and 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 [24], which would
widen the design space. Anita also noted that the students
“want to be more involved in the technology and the innova-
tion 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 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.”

C. 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.

Fig. 10. Grade 2 students perform their puppet show for the class.

Sonny reflected that having the experience with their special
friends gave the Grade 2s a familiarity 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 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.”

D. 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 which
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 implemen-
tation and interface of the mic board. Perhaps 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, it 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.

Students also ran into technical hurdles with the motors.
One type of servo we had developed a jamming issue, which
occurred occasionally during our time with the Grade 2s,
requiring a facilitator or student to gently pull on the zip tie
to un-jam 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.

VII. CONCLUSION

We presented a Paper Animatronics Kit aimed at
elementary-aged students along with a user study in a K-6 lab
school to validate its suitability in a classroom context. 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. Additionally, the
Grade 2 teacher from our study expressed interest in offering
students the choice to use animatronics in their upcoming
science unit. 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 func-
tionality 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.
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