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ABSTRACT

We report on the design and implementation of a 3-week long summer academy introducing high
school students to 3D modeling and 3D printing experiences. Supporting youth in developing 3D
modeling knowledge can enhance their capacity to effectively use an array of emerging technologies
such as Virtual Reality, Augmented Reality, and digital fabrication. We used tools and practices from
both formal and informal education, such as storylining, to inform the design of the curriculum.
We collected data through surveys, artifacts, observations, screen recordings, and group videos.
Our findings suggest that (1) emphasizing curricular coherence as a design goal and (2) providing
youth with multiple avenues for engaging in 3D modeling can help to: spark youth interest in 3D
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printing/modeling, maintain youth engagement in learning activities over the course of several weeks,
and provide youth with opportunities to develop their spatial thinking skills.
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INTRODUCTION

This article describes a new approach for creating technology-rich, informal learning experiences for
adolescent youth that build on and deepen their knowledge and interests in emerging technologies
such as 3D modeling, 3D printing, and Unmanned Aerial Vehicles (UAVs). This approach, called
“storylining” [9] has emerged from the research base on designing science, technology, engineering,
and math (STEM) curriculum to support the vision of learning outlined in the Framework for K-12
Science Education [6]. This vision emphasizes developing learning experiences that are coherent from
the students’ perspective. That is, during any given learning activity, students should understand
how their activities are helping them to solve an overarching engineering design challenge or make
progress on a scientific investigation. Researchers have proposed storylines as a promising approach
for developing curriculum that is coherent [9].

In this project, we adapted the storyline technique to develop a summer camp that provided
high school youth with opportunities to gain in-depth experiences designing and creating with
emerging technologies found in makerspaces. We report on the storyline design of the curriculum,
our experiences implementing it with 12 youth over 3-weeks, the strengths and weaknesses of it, and
the utility of the storylining tool for similar educational settings. Although there is growing body of
research on the impact of makerspaces and maker technologies on youth, there are few published
studies discussing how to design curriculum to provide youth with in-depth experiences using these
technologies (Figure 1). This research addresses this gap.

Figure 1: The makerspace where the sum-
mer camp took place, youth are working
on 3D modeling challenges.
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Three questions guided the design of our cur-
riculum:

(1) To what degree and in what ways can
3D modeling and printing be made ap-
proachable to youth with different skill-
set?

(2) What other technologies can be used
to support youth understanding of the
strengths and weaknesses of 3D models?

(3) How can learning 3D modeling skills
help enhance youth spatial thinking
skills?

Sidebar 1: Research Questions

CHI 2019, May 4-9, 2019, Glasgow, Scotland, UK

DESIGN: THE CURRICULUM STORYLINE

A storyline is a way to represent a sequence of lessons where each lesson is motivated by youth
questions about the design challenge they are solving [9]. During each lesson, youth use science
and engineering practices (SEPs) [6]- such as asking questions and defining problems, planning and
carrying out investigations, or designing and testing solutions, in turn, supports youth in generating
more questions, which motivate the next activity in their learning sequence. Thus, when participating
in learning environments based on storylines, students are co-constructing their learning experiences
by articulating the questions they are working on. In this project, we adapted the storylining technique
to support the design of a 3-week long informal learning summer camp. Our goal was to provide
students with a coherent learning experience incorporating an array of advanced technologies that are
found in makerspaces, including 3D printing and 3D modeling (see Sidebar 1 for research questions).

The storyline underpinning our curriculum design is shown in Figure 2. Youth were asked to develop
a solution to a design challenge: how to mimic a town that has been damaged and isolated due to
a natural disaster and use tools to survey and provide relief to the town. This design challenge was
adapted from a longer 16-week curriculum (Engineering Experiences) [2]. We modified this preexisting
curriculum to fit our goal of making 3D modeling approachable to youth and included several
opportunities for 3D modeling and printing throughout the camp. The curriculum was designed
considering the driving questions youth would need to answer to solve the problem [9]. In Figure 2,
the driving questions (color coded in pink) for each of the activities are aligned with tools/technologies
(color coded in green) youth had to learn and use to be able to address each driving question. Figure 2
also shows the SEPs that youth would need to engage in to make progress on the anticipated driving
questions, such as defining problems and planning and carrying out investigations. The goal was for
youth to be immersed in using these practices to figure out how to design, test, and iterate on their
designs of a partially 3D printed UAV obstacle course.

In addition to providing youth with opportunities to learn 3D modeling and printing for obstacle
course we wanted to study the degree to which using 3D modeling tools over time can enhance youth
spatial thinking skills, a linkage identified through prior research [10]. However, prior research has also
reported a number of usability and learnability problems when using 3D modeling softwares [1, 5].
Learning 3D modeling can be daunting and requires a serious time commitment [7]. Some 3D
modeling tools limit students as their design skills grow and other tools may be difficult to learn
initially, resulting in frustration and disengagement of students [8]. Since we could not anticipate the
prior experiences of the youth participating in the program, we designed the curriculum to include 4
different approaches to 3D modeling to support youth with varying skill-sets: (1) introduce youth
to a variety of 3D CAD softwares and enable them to choose ones that are appropriate to their skill
level (see Figure 2, list of tools used), (2) illustrate the various approaches for creating a 3D model
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Figure 2: Flow and Driving Questions of the curriculum.

such as scanning 3D objects, converting 2D images to 3D models, (3) support novice modelers in
debugging their 3D models prior to printing: we created an augmented reality tool - 3DARVisualizer-
that enables youth to visualize and rotate 3D models in order to detect gaps or alignment issues
that would cause a print to fail, and (4) support design-by modification: downloading preexisting 3D
models and modifying them.

IMPLEMENTATION: CREATIVE TECHNOLOGIES ACADEMY

Our study was part of a 3-week long summer camp called Creative Technologies Academy. The
curriculum for the camp was designed and implemented by an interdisciplinary partnership that
included scientists from University Corporation for Atmospheric Research (UCAR), and learning
scientists and computer scientists from the University of Colorado Boulder. Our partners have
expertise in 3D modeling, 3D printing, human-computer interaction (HCI), cognitive science, education,
curriculum design, and atmospheric sciences. The Academy consisted of 12 high-school students (5
female) between 14 to 17 years of age; 4 students were visiting from outside the United States to
participate in the program. The participants had varied experience in 3D modeling, ranging from
absolute newcomers to knowledgeable users. The camp took place in a makerspace which included
3D printers, a UAV flying space, and computers (Figure 1) and was facilitated by the first author. The
camp met daily from Monday-Friday for 3 weeks; each day included 4 hours of instructional time and
1.5 hours of break. At the beginning of each session youth were shown motivational and informational
videos related to fabrication technologies to generate discussion topics. Youth worked in groups to
address the design challenge and individually to explore the different tools.

Figure 3: Youth testing 3D model using the
3DARVisualizer app with an AR marker
image.
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Week 1: How can we design a UAV obstacle course that mimics a natural disaster?

To answer this question, youth were introduced to the importance of UAVs in disasters. Then they
learned 3D modeling and printing, starting with a short video and demonstration of the process of
additive manufacturing. Youth formed groups of 2-4 members to work on UAV obstacle courses. To
plan and design the partially 3D printed UAV obstacle course, they began using a beginner-friendly
3D modeling tool Tinkercad. In order to provide youth with in-depth 3D modeling experience they
were given individual 3D modeling tasks. Participants were given sample images of 3D chess pieces to
design, personalize, and 3D print these pieces. In following sessions, youth were introduced to AR
and the AR based 3D model debugger tool that our team developed: 3DARVisualizer [3]. Youth could
upload .stl files of their 3D models and use marker images or visual-cues to augment 3D models on
the images using 3DARVisualizer, with options to rotate, scale, and test 3D models for gaps, alignment,
and overall printability (Figure 3). This time, youth were given sample images of different 3D chess
pieces to design and personalize. They used the 3DARVisualizer to test their models and check for
overall printability. Another 3D modeling approach they learned was Tinkercad Codeblocks. This
3D modeling tool uses blocks of code to create 3D structures. Youth also learned how to convert 2D
images to 3D models and personalize them. These different techniques to 3D modeling provided
participants with ideas to design the UAV obstacle course. They learned to fly UAVs and conducted
UAV performance test like battery-life, weight test. It helped them think about the driving question
around the different criteria and constraints for designing the obstacle course.

Figure 4: Hook like attachments for UAVs
to carry supplies.

Week 2: What are the criteria and constraints for designing the UAV obstacle course?

In this week, youth continued their work on the obstacle course and brainstormed multiple ideas
for criteria and constraints for it. Then they narrowed down to the ones that were most feasible
considering the time, space, and resources at hand. They designed and 3D printed objects like payloads,
hook-like attachments for the UAVs (Figure 4), and other 3D objects for their obstacle course like
connectors and 3D printed UAV launch pad. Having learned different approaches to 3D modeling, in
this week we gave youth the freedom to choose any 3D modeling tool they preferred. They explored
ways to scan 3D objects and modify the 3D models created from the scans. We took participants to
an outdoor space to make sketches of object(s) around them. We also taught them another approach
to 3D modeling using CraftML [11], which uses HTML and CSS tags to create 3D models. By the end
of this week, each group designed prototypes and 3D printed objects for their obstacle courses.

Week 3: What works and what does not work for the UAV obstacle course?

In the final week, youth worked on testing their obstacle courses. We allowed the participants to make
their own 3D models or download them from Thingiverse and 3D print them. This was to support
their tinkering and making abilities and provide opportunity to explore this field. On the second to
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last session, the groups tested their obstacle courses and each group was able to try the other group’s
obstacle course. On the final day, youth presented their projects at an expo where students from
different camps were presenting their work.

FINDINGS

Through data collected from surveys, youth artifacts, observations, screen recordings, and youth team
videos we present our findings around our research questions.

Making 3D modeling and printing approachable to youth with different skill-sets

Our observations suggest that making 3D modeling and printing available to youth in different forms
helps spark their interest in learning and exploring these tools. For example, by introducing Tinkercad
Codeblocks youth who preferred programming (as opposed to designing with primitives) were highly
motivated to design complex shapes and structures using it (Figure 5). The surveys support this
Figure 5: Youth using Tinkercad Code- finding, like one participant noted “the best thing was learning so many new techniques to 3d printing”
blocks to design complex 3D models. [P3]. We also observed that youth learning 3D modeling for the first time preferred to use Tinkercad,

S — while youth with more experience preferred SketchUp or other complex tools like Maya or Blender.
Youth were also transitioning to more advanced tools during the 3-week period as they grew more
comfortable visualizing, rotating, and analyzing 3D models for printability.

Supporting youth understanding of the strengths and weaknesses of 3D models

Previous work suggests that failed 3D prints are often discouraging to students [4]. To address this
issue, we developed 3DARVisualizer and youth used it to test their 3D models. Testing the models
before printing them resulted in successful prints and youth were able to test for any gaps, alignment
issues, and overall printability of the models. In the surveys, 7 of the 12 youth rated 3DARVisualizer
to be somewhat useful or very useful in debugging their 3D models. One youth with less 3D modeling
experience said, “/ was able to see many open spaces in my chess pieces in particular” [P6]. While others
who had prior experience with 3D modeling did not find it very helpful (5 of the 12). However, several
of them suggested extensions to the debugger to make it more useful, such as allowing them to check

Figure 6: Spatially complex sketches made
by youth.

the size, shape, and fit of the model using the app. For example, one participant said, “It only works on
a marker which isn’t scaled properly, so this AR isn’t as useful for checking sizes” [P4].

Enhancing spatial thinking skills in youth

The surveys suggested that youth had a better understanding of the 3D space after working with
a variety of 3D modeling tools. For instance, a participant said, “Figuring out how to center things
has been harder but in the last couple of days it has gotten easier” [P9]. Data collected from pre- and
post-spatial thinking tests (tests adapted from Spatial Intelligence and Learning Center) suggests
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that there was a change in spatial thinking skills for 5 of the 12 participants. These participants
also showed improvements when playing a spatial reasoning game. While 7 of the 12 participants
showed no improvement on the pre- and post-tests, our observations suggest that they were deeply
engaged in spatial thinking tasks: we saw youth making spatially complex sketches (see Figure 6). And,
participants played spatial games, competing to create the most complex 3D objects (see Figure 7).

DISCUSSION

We identified some advantages and disadvantages of the design and implementation of our curriculum.

Curriculum Design and Coherence

From our findings we would like to recommend using storylining to design a coherent curriculum
since it provides youth with hands-on opportunities to work on real-world problems. Due to the fact
Figure 7: 3D model of a visually com- that 3D modeling and printing are time-intensive and can easily lead to disengagement of youth, it is
plex house designed by a youth using important to design an environment that supports creativity and robust learning while not sacrificing
SketchUp. the engagement level. For example, we used several forms of 3D modeling, helping youth with prior
experience in 3D modeling to explore other techniques. The outdoor sketching activity helped youth
to explore the world outside their classroom and was a great experience for them to actually design
and print something they saw (see Figure 8). Even though 3D printing is “fun” and a relatively new
and innovative technology in educational or maker spaces, 3D printing alone is not always enough to
keep the youth engaged [1]. There should be a minimum level of scaffolding in the lesson plans, tasks,
and projects. While some participants struggled with the 3D modeling tasks others were interested in
tangible outcomes like their 3D prints. We found that having different levels for each tasks and giving
youth their own tinkering time worked for promoting creativity. Moreover, we noticed that providing
too much time on group projects might lead to youth disengagement from their projects. So we need
to rethink our driving questions to include more time for individual activities. Thus, we suggest a
need to structure maker curriculum in a way that there is good balance between the concepts and
tools being taught versus the time spent working on them.

Figure 8: 3D print of a bridge and a lamp Choosing wide range of softwares and tools to spark the interest

post that a participating youth created as When selecting 3D modeling softwares educators and instructors should keep in mind the personal

part of the outdoor sketching activity. experiences, expertise, and abilities of the youth with these technologies. This helps reduce the level
of frustration that novice users have when dealing with difficult terminologies and user-interfaces.
Using different approaches to 3D modeling and allowing youth to choose from these worked great
for teaching a group of youth with varied abilities and experiences. Additionally, using 3D model
debugging tools like 3DARVisualizer can lower the frustration level from failed prints due to the
opportunities it provides to navigate models in 3D space and motivate youth to understand the rapid
prototyping opportunities that fabrication technologies offer.
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CONCLUSION AND WHAT’S NEXT

Our case study suggests that designing a coherent curriculum using storylining technique to teach 3D
modeling and printing can be valuable for promoting and maintaining interest in these technologies
and in the process enhance spatial awareness in youth. While there is work that needs to be done to
generalize our findings, the current results are promising, potentially offering a new way for educators
to design coherent curriculum for makerspaces. Moving forward, we plan to make the curriculum
modular so that it can be incorporated in different informal settings. For example, to solve a locally
relevant problem the storyline can be modified to fit the purpose of a particular culture and in turn
youth can have rich experience learning the tools to solve problems. Moreover, we would like to modify
3DARVisualizer and incorporate some of the changes that youth suggested like easier navigation and
real-life size comparison of 3D models. Finally, our plan is to conduct workshops and interviews with
makerspace instructors or teachers and find ways to make the AR app useful for students.
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