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Introduction 

“The biggest challenge and the biggest opportunity for the Maker Movement is to transform education.”  

 -Dougherty (2013) 

The Maker Movement “represents a growing movement of hobbyists, tinkerers, 

engineers, hackers, and artists committed to creatively designing and building material objects 

for both playful and useful ends,” (Martin, 2015, p. 30). This movement is credited with 

generating Maker Faires, makerspaces, and fabrication (or fab) labs, in which participants 

actively create physical objects to share with the world around them (Resnick & Rosenblum, 

2013). Historically, the act of making traces back to crafts such as woodworking, sewing, and 

electronics (Martin, 2015), but the rise of personal fabrication tools such as 3D printers and 

scanners and laser cutters, has revolutionized the act of making for the twenty first century. In 

alignment with Papert’s (1991) learning theory of constructionism, the Maker Movement 

embodies the notion that individuals learn best when they are constructing an entity for public 

consumption (Papert & Harel, 1991).  

With the implementation of the Next Generation Science Standards (NGSS Lead States, 

2013) that specifically include engineering design, and the emergence of technologies that enable 

novices to create increasingly complex designs, this is an excellent time to consider how the 

Maker Movement can transform K-12 education. Rather than simply being consumers of the 

outside world, children have the power to become producers; producers of their own learning 

experiences, knowledge, and, ultimately, futures (Blikstein, 2013). The idea of children acting as 

producers of their own knowledge through playful creation shares connotations with Dewey 

(1902), Friere (1974), and Montessori (1964) approaches to learning. 

Research on making is still in the early stages, and is only now expanding from museums 

and clubs into more formal afterschool and school settings (Vossoughi & Bevan, 2014). Yet, 
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scholars have cautioned educators against blind adoption of maker activities in the classroom, 

fearing that “attempts to institutionalize making- through schools, after-school programs, etc.- 

will quash the emergence, creativity, innovation, and entrepreneurial spirit that are hallmarks of 

the ‘maker revolution’” (Halverson & Sheridan, 2014, p. 500). Martin (2015) also warned 

educators from becoming too fixated on the tools themselves. As Martinez (2014) stated, “Going 

shopping will not change education. It never has.” Simply buying a 3D printer for a classroom 

will not transform education if the learning around the tool is superficial. Blikstein (2013) 

referred to this issue as “the keychain syndrome” and cautioned educators against “the 

temptations of trivialization” (p. 8). 

To ensure the Maker Movement is executed with fidelity in the traditional school system, 

exemplar case studies of teachers engaging students in meaningful making are needed. In this 

paper, I provide an exploratory, qualitative case study of a middle school science teacher using 

digital fabrication in a required class to 3D print a prosthetic bone for use as a movie prop by a 

professional stuntman. I used Cultural Historical Activity Theory (CHAT) (Engeström, 1987) to 

analyze and frame the findings. Specifically, I investigated how the use of tools (both physical 

and conceptual) impacted the students’ participation in and completion of the digital fabrication 

project. Additionally, I investigated how labor was negotiated and divided between teacher and 

students, as well as between students within peer groups. Finally, I used CHAT to identify 

sources of tension within the classroom and the making activity that can inform other schools 

about the complexity of integrating authentic making in the context of a classroom. 
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Literature Review 

“The instinct of making—the constructive impulse. The child’s impulse to do finds 

expression first in play, in movement, gesture, and make-believe, becomes more definite, and 

seeks outlet in shaping materials into tangible forms and permanent embodiment. The child 

has not much interest for abstract inquiry...There is no distinction between experimental 

science for little children and the work done in the carpenter shop.” (Dewey, 1900, p. 4) 

As early as 1900, Dewey described the act of making as an impulse for children, 

something that is innately human. Moreover, Dewey (1900) advocated for schools to use these 

innate impulses of children in the classroom, specifically the impulses to make, converse, 

inquire, and artistically express—why fight these constructive urges that can be leveraged for 

meaningful learning experiences? Over one hundred years later, President Obama (2014) called 

for “every company, every college, every community, every citizen [to join us] as we lift up 

makers and builders and doers across the country” at the first ever White House hosted Maker 

Faire in 2014. President Obama’s emphasis on making and construction shares similar 

sentiments to Dewey’s much earlier call. To understand what this means for education, it is 

essential to retrace the history of making, how it gained such national attention, and the learning 

possibilities that are constructed when students make. 

What is Making? 

Honey and Kanter (2013) defined the act of making as, “to build or adapt objects by 

hand, for the simple personal pleasure of figuring out how things work” (p. 4). Sheridan et al. 

(2014) described making as, “creative production in art, science, and engineering where people 

of all ages blend digital and physical technologies to explore ideas, learn technical skills, and 

create new products” (p. 505). Still, Martin (2015) defined making as an activity “focused on 
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designing, building, modifying, and/or repurposing material objects, for playful or useful ends, 

oriented toward making a ‘product’ of some sort that can be used, interacted with, or 

demonstrated” (p. 31). Some have referred to making as “thinking with your hands,” (Sennet, 

2009 as cited in Petrich, Wilkison, & Beven, 2013, p. 53) and “playing with real stuff” (Brahms 

& Werner, 2013, p. 73). Ultimately, making is the act of creating physical artifacts—using 

knowledge and skills from the disciplines of science, technology, engineering, mathematics, and 

art (STEAM) —for the purpose of sharing playful and useful creations with the world. 

Perhaps the best understanding of making is captured in the theoretical underpinnings of 

Seymour Papert’s work. Papert is referred to as the “Father of the Maker Movement” (Martinez 

& Stager, 2014, p. 21), with his theory of constructionism paving the way for researchers and 

educators to advocate for rethinking the current state of education through inclusion of making 

(Papert & Harel, 1991). Papert’s (1991) theory of constructionism builds on Piaget’s (1980) 

theory of constructivism. Piaget proposed that individuals construct knowledge through 

experiences, and those experiences are then sorted into cognitive schemes (Driver, et al., 1994). 

As more complex experiences occur, new information is integrated into pre-existing cognitive 

schemes. Papert expanded Piaget’s work of “building knowledge structures,” positing that 

people learn best when they are constructing an entity for public consumption, “whether it’s a 

sandcastle on the beach or a theory of the universe” (Papert & Harel, 1991, p. 1). In short, people 

learn best when they are making something of value to themselves with the eventual goal of 

sharing that product with the world. 
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A (brief) History of Making 

Humans have always made things. From ancient cave paintings, primitive tools, and even 

the invention of the wheel, humans are intrinsically makers. Historically, the creation of new 

tools was viewed as “invention as a matter of survival”—individuals depended upon creating 

new tools to help them better survive (Gershenfeld, 2005, p. 8). It was not until the Renaissance 

era that making new things was viewed as an art form for personal expression. During this time, 

individuals were encouraged to master “the available tools of expression” in order to become 

literate individuals, with the term literate extending far beyond just reading and writing; literate 

citizens could create in many mediums (Gershenfeld, 2005, p. 7). Eventually, this view of 

literacy was neglected in schools, and making new things was reserved for more commercial 

endeavors. 

While the act of making traces back to crafts such as woodworking, sewing, and 

electronics (Martin, 2015), it has recently experienced a revival that some have referred to as 

“The New Industrial Revolution” (Anderson, 2012). Anderson (2012) described how the first 

Industrial Revolution involved a transition from making things by hand, to making things with 

machines. According to Stearns (1991), the Industrial Revolution was the “transformation of 

technology based on new sources of power, the revamping of economic and labor organization 

through the factory system, and the ascendancy of manufacturing in what had been 

predominately agricultural economics” (p. 4). Automated manufacturing processes such as the 

spinning jenny for textiles and the steam engine for transportation revolutionized the way that 

people made and sold things. This eventually led to a great influx of factories during the 19th 

century, and the overall improvement of human welfare through consistent manufacturing work, 

greater access to goods, and more leisure time. 
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Before the personal computer and the Internet, making for mass production mostly 

occurred in factories. Inventors working in garages and personal workspaces were at the mercy 

of larger patent laws and limited in production (Anderson, 2012). To get a product to the masses, 

corporations and manufacturing companies were a necessity. Throughout the 19th and 20th 

centuries, making as invention was accessible to some, but making as production was limited to 

few. However, what the steam engine (and other machinery) did for making in the 19th century, 

the personal computer (and the Internet) did for making in the 21st century (Humbert, 2007). 

When the personal computer was introduced in the late 1970s and, later, the Internet in 

the 1990s, making was transformed. Gershenfeld (2005), Director of The Center of Atoms and 

Bits at the Massachusetts Institute of Technology (MIT), described how the history of computing 

began in the 1950s with mainframe computers—large, expensive machinery that was limited to 

corporations that could afford to purchase this technology. Eventually, mainframe computers 

were refined to the personal computer—a democratizing tool that individuals could afford to 

purchase for the home. Gershenfeld equated the personal computer of the 1970s to personal 

fabricators today. Personal fabricators are tools that allow users to create physical artifacts from 

digital designs (this process is also called digital fabrication); examples of tools include 3D 

printers and scanners, laser cutters, and computer numerical control (CNC) machines. 

Gershenfeld (2005) described the process of digital fabrication as: 

Not only the creation of three-dimensional structures but also the integration of logic, 

sensing, actuation, and display—everything that’s needed to make a complete functioning 

system. With a [personal fabricator], instead of shopping for and ordering a product, you 

could download or develop its description, supplying the fabricator with designs and raw 

materials. (p. 4) 
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The Internet transformed the distribution patterns of ideas and products (Anderson, 

2012), while personal fabricators transformed who has the power to create. Consumers are no 

longer limited to what they find in local stores—they can search the web and find a desired item 

almost instantly. Moreover, consumers now have the tools to become producers of any product 

they can imagine. Product distribution has been democratized through websites such as Ebay 

(http://www.ebay.com), Etsy (https://www.etsy.com), and Kickstarter 

(https://www.kickstarter.com), which allow individuals to sell products online, connecting to a 

global marketplace. As stated by Gabriel, the Deputy Director of the Defense Advanced 

Research Projects Agency (DARPA), “the 19th century was about manipulating energy, the 20th 

century was about manipulating information, and the 21st century will be about manipulating 

matter” (as cited in Mansfield, 2011, p. 1). Making in the 21st century has truly been 

revolutionized. In line with Mann (1848)—known as the father of the common school 

movement—“The greatest of all arts…is to change a consumer into a producer; and the next 

greatest is to increase the producer’s producing power” (p. 5); this is precisely the revolution that 

has occurred. 

The Maker Movement 

The Maker Movement “represents a growing movement of hobbyists, tinkerers, 

engineers, hackers, and artists committed to creatively designing and building material objects 

for both playful and useful ends,” (Martin, 2015, p. 30) and is credited with generating maker 

faires, makerspaces, and fabrication (or fab) labs, in which participants actively create physical 

objects to share with the world around them (Resnick & Rosenblum, 2013). Dougherty (2013) 

described makerspaces as sharing "some aspects of the shop class, home economics class, the art 

studio, and science labs. In effect, a makerspace is a physical mash-up of different places that 
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allow makers and projects to integrate these different kinds of skills" (p. 9). Makerspaces are also 

described as “part of the growing movement of hands-on, mentor-led learning environments to 

make and remake the physical and digital worlds. They foster experimentation, invention, 

creation, exploration and STEM [science, technology, engineering, and mathematics] learning” 

(Institute of Museum and Library Services, 2012, p. 1). They are places where people come 

together to digitally and physically make in community. 

It is widely believed that the Maker Movement, and corresponding makerspaces, 

originated from hackerspaces—spaces where computer enthusiasts came together to share ideas, 

program, and create using a computer (Levy, 2001; Litts, 2015). Moilanen (2012) described 

hackerspaces as having six primary descriptors: hackerspaces are 1) operated equally by 

members, 2) not for profit, 3) places for people to share ideas and tools, 4) focused on 

technology, 5) a community, and 5) an embodiment of invention. An early example of a 

hackerspace includes the homebrew computer club that met in the 1970s and 1980s, and 

supported successful entrepreneurs such as Steve Wozniak, co-founder of Apple (Levy, 2001).  

The transition from hackerspace to makerspace seemed to occur with Dale Dougherty’s 

publication of Make Magazine in 2005 (Van Holm, 2014). Make Magazine provided tutorials 

and ideas for technology-centered projects. The following year, the first Maker Faire 

(http://makerfaire.com) was held in San Mateo, California, which provided a space for 

enthusiasts to share their creations. This growing community is also emerging in a variety of 

online platforms, such as websites including Instructables (http://www.instructables.com) and 

Thingiverse (https://www.thingiverse.com). There is even a focus on engaging children in 

making through websites such as DIY (https://diy.org) and the Internet of Things for Kids 

(http://iot4kids.com); more recently, Sylvia Todd, an enthusiastic tween, created the Super-
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Awesome Maker Show (http://sylviashow.com) which hosts tutorials and project ideas “on 

everything cool and worth making.” Dale Dougherty (2013), founder of Make Magazine and 

White House “Champion of Change,” described why the Maker Movement has gained such 

increased popularity recently: 

The Maker Movement is spurred by the introduction of new technologies such as 3D 

printing and the Arduino microcontroller; new opportunities created by faster prototyping 

and fabrication tools as well as easier sourcing of parts and direct distribution of physical 

products online; and the increasing participation of all kinds of people in interconnected 

communities, defined by interests and skills online as well as hyper-local efforts to 

convene those who share common goals. (p. 7) 

In 2012, Make launched an non-profit organization called the Maker Education Initiative, which 

focused on supporting local schools and teachers interested in making with their students. This 

was in response to The White House’s “Educate to Innovate,” campaign—an effort meant to 

prepare U.S. students for jobs of the future. Following this, Make published the The Makerspace 

Playbook—a guide for educators seeking to create a makerspace at their local school. Most 

recently, Make released The Youth Playbook as a complimentary guide to those interested in 

creating spaces for youth to make outside of school, within the larger community. Make also 

works with local schools interested in hosting their own local, maker fairs. 

Making in (and for) STEM Education 

Why make? Students are more frequently starting to look outside of formal education to 

fulfill their curiosities and interests in an increasingly technologically driven world. Often, 

school is viewed as separate from students’ every day lives and in opposition to what students 

actually want to learn (Barron, 2006; Dougherty, 2013). Unfortunately, in school, science and 
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math are often presented as abstract ideas, decontextualized from students’ personal narratives 

(Eisner, 1985; Bennet & Monahan, 2013). After conducting three case studies of K-12 students 

who pursued their scientific interests outside of formal education, Washor and Mojkowski 

(2013) provided three reasons that schools cause students to disengage when learning STEM 

subjects; schools 1) focus too much on assessment, rather than exploration and creativity, 2) 

rarely provide hands-on, authentic learning opportunities, and 3) only value learning that occurs 

in school, failing to provide opportunities for students to bring their personal interests into 

school. The Maker Movement provides unique opportunities to bridge this gap.  

By integrating technology in student-centered learning environments such as 

makerspaces, more students are finding value in school (Martin & Dixon, 2013). When students 

are creating with technology they “become more engaged, spend more time investigating and/or 

constructing and take ownership for and build confidence in their abilities to learn and 

understand” (Petrich, Wilkinson & Bevan, 2013, p. 56). Additionally, Blikstein (2014) argues 

that makerspaces are essential to the school learning environment because they 1) enhance 

existing practices and expertise representative in manual labor (and potentially validate students' 

personal experiences being raised in a low income community where blue collar work is more 

common), 2) accelerate the processes of ideation and invention, and 3) allow for long term 

projects and deep collaboration. Martinez and Stager (2013) explain that projects involve “work 

that is substantial, sharable, and personally meaningful” (p. 57). By engaging students in 

meaningful projects with appropriate tools for expression, technology has a democratizing effect 

that places the means of expression in the hands of children. 

Recently, there has been increasing attempts to integrate making into informal learning 

environments, such as museums and science centers (Bennet & Monahan, 2013; Brahms & 
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Werner, 2013; Petrich, Wilkinson, & Bevan, 2013) afterschool clubs (Vossoughi, Escude, Kong, 

& Hooper, 2013), summer camps or workshops (Buechley & Eisenberg, 2008; Buchholz, Sively, 

Peppler & Wohlwend, 2014; Mcdowell, 2015), specialty events (Finn, 2012; Zosh, Fisher, 

Golinkoff & Hirsh-Pasek, 2013), and libraries (Bowler, 2014; Resnick, 2014). Most of the 

existing research on making in education has investigated these informal learning environments, 

and is just beginning to focus attention on making in formal education (Sefton-Green, 2013; 

Vossoughi & Bevan, 2014).  

Additionally, because this is a new field of scholarship, researchers are still mapping the 

terrain and identifying the important questions worth investigation. Many studies have focused 

on what youth learn by engaging in one medium of making, such as building with e-textiles (e.g., 

Buechley, Peppler, Eisenberg, & Kafai, 2013), or programming interactive media in Scratch 

(https://scratch.mit.edu) (e.g., Resnick et al., 2009). Other studies have focused on describing 

making and makerspaces (e.g., Brahms & Werner, 2013), some have focused on affective 

benefits to participants in these spaces (e.g., Martin & Dixon, 2013), and fewer yet have focused 

on measuring and assessing learning through making (e.g., Petrich, Wilkinson & Bevan, 2013). 

There is also a small focus on ensuring this movement is equitable to all types of learners (e.g., 

Blikstein, 2014). The remainder of this section is a discussion of the research that has been 

conducted to investigate making in (and for) education, organized in the following subsections: 

students as makers, indicators of learning, issues of equity and diversity, and making in formal 

school settings. 

Students as makers. Martin and Dixon (2013) conducted a qualitative study of an 

afterschool maker club for students’ aged 12-18. Students worked closely with adult mentors to 

conceptualize, design, and build a project of their choosing to showcase at a regional maker fair. 
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Researchers conducted periodic observations of students engaged in making activities, and 

interviews to ascertain participants’ conceptions of the work and culture of making. They 

concluded that youth participants viewed making as distinctive (in contrast to mainstream 

interests), active, and an integration of many life contexts; over half of the participants self-

identified as a maker. 

Dixon and Martin (2014) continued their investigation of young students engaged in 

making by interviewing eleven youth (aged 11-15) about their experiences exhibiting work at the 

Bay Area Maker Faire in San Mateo, CA. Based on the youth’s experiences, they hypothesized a 

trajectory of participation in making. While the trajectory is not always linear, Dixon and Martin 

(2014) presented three frames of participation in the maker community: 1) exploration, 2) 

exchange, and 3) deliberate engagement. Martin, Dixon, and Hagood (2014) conducted a similar 

investigation of two group projects created for Maker Faire. They found that these projects 

supported participants’ development of adaptive expertise—“the combination of efficient 

problem solving with the ability to learn and solve novel problems in unfamiliar situations” 

(Martin, Dixon & Hagood, 2014, p. 1). 

Indicators of learning. One area of research within the Maker Movement has focused on 

how to measure and assess learning in these environments. As stated by Halverson and Sheridan 

(2014), “in these spaces, learning happens as a consequence of individuals beginning as 

legitimate peripheral participants and moving towards becoming full participants. But learning is 

not guaranteed; nor is it regulated…As a result, the unit of analysis is not necessarily individual 

learners over time, but, rather, what happens in the space” (p. 8). While some (Litts, 2014) 

contend that the physical artifact produced is enough evidence of learning, others question how 
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to measure and assess the learning that is occurring through making (Brahms, 2014; Sheridan & 

Halverson, 2014). 

Petrich, Wilkinson, and Bevan (2013) identified four tentative indicators of learning by 

observing visitors at the Exploratorium’s Tinkering Studio: 1) engagement (duration, frequency, 

emotional expressions), 2) intentionality (personalization of projects, self-direction, varied 

paths), 3) innovation (repurposing ideas/tools, complexification, redirecting efforts) and 4) 

solidarity (borrowing/adapting/sharing tools and ideas, contributing to the work of others) (p. 

66). Petrich, Wilkinson, and Bevan (2013) contended that if “learning is conceptualized as more 

than the ability to reproduce facts and skills in decontextualized settings, if it is understood as 

engaging in practices that draw on facts and skills to advance valued and purposeful activity, and 

if learning activities are designed within a STEM-rich context…then, yes they are learning” 

(Petrich, Wilkinson & Bevan, 2013, p. 69). For a full description of these indicators of learning, 

see Bevan, Gutwill, Petrich and Wilkinson (2014). 

More recently, Brahms and Crowley (2014) identified seven, core-learning practices 

associated with the Maker Movement by conducting a textual analysis of all Make publications: 

explore and question, tinker/test and iterate, hack and repurpose, combine and complexify, seek 

out resources, customize. These learning practices provide guidelines for teachers as to what 

students should be doing in these spaces, and provide indicators of learning. These indicators are 

also in alignment with the spirit of the Maker Movement, ensuring that institutionalizing making 

in school settings will not “quash the emergence, creativity innovation, and entrepreneurial that 

are hallmarks of the ‘maker revolution’” (Sheridan & Halverson, 2015, p. 500).  

 Building off of Brahms and Crowley’s (2014) analysis of Make Magazine, Wardrip and 

Brahms (2015) identified learning practices of museum visitors at MAKESHOP, a makerspace at 
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the Children’s Museum of Pittsburgh. MAKESHOP facilitators and museum researchers 

observed museum visitors over time to identify learning practices, which were refined through 

reflective conversations. The identified learning practices included: inquire, tinker, seek and 

share resources, hack and repurpose, express intention, develop fluency, and simplify to 

complexify. See Table 1 for a comparative summary of learning practices in makerspace learning 

environments identified in current research.  

Table 1. A comparative summary of learning practices identified in makerspace environments. 

Petrich, Wilkinson, and Bevan          Brahms and Crowley               Wardrip and Brahms*  
               (2013)                                            (2014)                                        (2015) 
   Engagement 

   Intentionality 

   Innovation 

   Solidarity 

   Explore and question 

   Tinker/test and iterate 

   Hack and repurpose 

   Combine and complexify 

   Seek out resources 

   Customize 

   Inquire 

   Tinker 

   Hack and repurpose 

   Simplify to complexify  

   Seek and share resources 

   Express intention 

   Develop fluency 

*Terms are re-ordered 

Issues of equity and diversity. Making is emerging as a promising new educational 

approach to attract a wide range of individuals to the STEM disciplines—individuals who have 

traditionally been underrepresented. While MAKE Magazine has received criticisms for 

showcasing mostly white, males on their magazine covers (Buechley, 2013), making in 

educational contexts has resulted in positive results for female students, and students from low-

income communities and/or ethnic minority groups. 
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An example of making that appeals to female students is electronic textiles (e-textiles). E-

textiles combine sewing and embroidery with electronics through the use of conductive thread 

and microcontrollers (e.g., LilyPad Arduino; https://www.arduino.cc). Students can add lights, 

sensors, and motors to clothing or cloth accessories, creating wearable technology (sometimes 

shortened to “wearables”). Buchholz, Sively, Peppler and Wohlwend (2014) hosted a summer 

design workshop for middle school students that focused on creating e-textiles. With a particular 

interest in tracking gendered practices and labor distribution in mixed gender pairs, each 

workshop was filmed and follow-up interviews were conducted with a subset of student 

participants. They found that when groups were sewing, threading, and stitching (in this case, 

completing circuits), female students took more of a leadership role. In contrast, male students 

were more likely to work with electronic components (in this case, a multimeter used to measure 

conductivity). Overall, female students stayed engaged longer than male students when creating 

e-textiles, and requested less assistance from facilitators. 

Blikstein’s work has focused attention on the power of making for students from low-

income communities. Blikstein (2008) conducted a two-week Freirian workshop (Freire, 1974) 

for high school students in the low-income community of Heliópolis, Brazil. The workshop was 

designed for students to select a personally, relevant problem in their community, and design a 

solution that involved technology. He found that the students in Brazil—who were not 

accustomed to working with expensive technology—appreciated the trust that was placed in 

them to work with computers, robotics kits, and film equipment. Students took on a repurposing 

culture, bringing in old or broken technology to take apart and reuse in novel ways. Blikstein 

(2008) noted that female students were initially hesitant to engage in projects, but after taking 

time to become acquainted with the female participants, he was able to suggest personally 
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relevant projects and beneficial groupings. Additionally, Blikstein (2008) described how the 

teachers who attended these workshops were hesitant about their own lack of experience with 

technology, but over time, these teachers became learners alongside their students, comfortable 

with the fact that they did not have all the answers to students’ questions.  

Building off his previous work, Blikstein, Chen and Martin (2014) investigated how to 

assess issues of diversity within the Maker Movement. In a pilot study, surveys were 

administered to two groups of high school students—one group from a low-income school, and 

the other from a high-income school—to ascertain differences in how students engaged in 

making. Students from the low-income school were more likely to express a fixed mindset 

(Dweck, 2006) and less likely to self-identify as a maker; a fixed mindset is the belief that 

intelligence is a fixed trait and cannot change with effort or instruction. Ironically, many students 

from the low-income school shared previous experiences of making and building things with 

their families. As Blikstein, Chen and Martin (2014) noticed, “these students were already 

makers, but were not aware of it” (p. 1669). They designed an intervention workshop that 

focused on using students’ funds of knowledge (Moll, 1992) and conducted pre- and post-

assessments with students using a logic test and design activity; Funds of knowledge refer to 

specific, culturally-based knowledge that is found and taught in the home. While all students 

showed improvements, the initially lower scoring students (mostly ethnic minorities) improved 

almost twice as much as the initially higher scoring students (mostly white males). Female 

students also showed a greater gain in confidence and their abilities to make. 

Making in schools. Little research has focused attention on making within the traditional 

school system. Martin et al. (2014) conducted a professional development for 30 middle and high 

school teachers that focused on design-based learning and creating with technology; in 
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particular, teachers gained experience with Arduinos and 3D printers. Pre- and post-surveys were 

administered to the teachers in addition to a STEM content assessment. Results indicated that 

teachers were proud of their creations, but struggled with the use of technology and the 

programming that was required. Teachers showed a slight increase on scores for the content 

assessment, but the sample size was generally too small to gain statistically significant results. 

Additionally, researchers did not report on the participating teachers’ subsequent use of these 

design-based projects with their own students. 

Wardrip and Brahms (2014) described their experiences with a mobile makerspace 

associated with MAKESHOP at the Children’s Museum of Pittsburgh. In an effort to share 

making with the local community, MAKESHOP teamed with two, suburban elementary schools 

to integrate making into the curriculum. Educators at both schools attended a summer “boot 

camp” and participated in ongoing instructional training from museum facilitators. The 

preliminary findings suggested that differences in school implementation greatly impacted how 

the teachers did (or did not) incorporate making into their classrooms. The following factors 

were identified as particularly influential: 1) how school leadership selected participating 

teachers, 2) the space available for making, and 3) how making was (or was not) connected to 

learning already occurring in the classroom. Successful teachers wanted to incorporate making 

into their classrooms, found creative ways to connect making to other content areas, and did 

better when there was a designated space for making (as opposed to a mobile cart). 
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Conceptual Framework 

 As mentioned in the literature review, Papert’s (1991) theory of constructionism is the 

theoretical motivation and rationale for pursuing this line of research. However, Papert’s theory 

is rooted in the work of Vygotsky (1978) and Piaget’s (1980) constructivist views on 

development and learning. In order to fully understand constructionism, it is imperative to 

discuss its foundations located in the work of Vygotsky and Piaget, shared below. Additionally, 

Cultural Historical Activity Theory (Engeström, 1987) is the theoretical lens through which this 

research is analyzed. Together, constructionism and CHAT form the conceptual framework for 

this work. Constructivism—along with its connection to constructionism—and CHAT are 

discussed below with implications shared for education. 

Constructivism 

Rejecting previously articulated notions of learning and development, Vygotsky (1978) 

proposed a new model—“learning and development are interrelated from the child’s very first 

day of life” (p. 32). A child begins learning long before formal schooling, and that learning is 

connected to their previous experiences. Moreover, learning, and subsequent development, 

occurs in social and cooperative environments. Vygotsky’s work paved the way for the theory of 

social constructivism—a theory of learning that “emphasizes the importance of culture and 

context in understanding what occurs in society and constructing knowledge based on this 

understanding” (Kim, 2006, p. 2). 

Vygotsky’s theory of social constructivism shares roots with Piaget’s theory of 

constructivism, with distinct differences. Vygotsky focused on the role of cultural and historical 

artifacts and symbols in mediating learning through social relationships as a way to construct 

knowledge. While Piaget did not negate the importance of relationships in learning, he focused 



MAKING MEANING OF MAKING 21 

more on generative and individual cognitive processes (Cole & Wertsch, 1996).  Piaget was 

interested in how children’s thinking developed over time, and how children accommodate and 

assimilate new knowledge based on their previous experiences (Siegler, 2005). Piaget (1980) 

wrote: 

Fifty years of experience have taught us that knowledge does not result from a mere 

recording of observations without a structuring activity on the part of the subject. Nor do 

any a priori or innate cognitive structures exist in man; the functioning of intelligence 

alone is hereditary and creates structures only through an organization of successive 

actions performed on objects. Consequently, an epistemology conforming to the data of 

psychogenesis could be neither empiricist nor performationist, but could consist only of a 

constructivism. (p. 23) 

Piaget argued that knowledge is constructed through experience, and then sorted into pre-

existing cognitive schemas; this process is sometimes referred to as building knowledge 

structures. Individuals can 1) assimilate new information, transforming the information so it fits 

within their pre-existing ways of thinking, or 2) accommodate new information, adapting their 

previous ways of thinking based on new experiences. Piaget also proposed the notion of 

equilibration in regards to children’s cognitive development—the process in which children 

integrate pieces of knowledge into a unified whole as they construct a model of the world that 

“increasingly resembles reality” (Siegler, 2005, p. 31). Piaget provided a model for what children 

can do and think at varying levels of development.  

Constructivism’s implications for learning are significant. Piaget’s theory of 

constructivism was focused on cognitive development and deep understanding; instead of 

viewing learning as a linear path, it was seen as complex and multi-faceted (Fosnot & Perry, 
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1992). Constructivism is viewed as a theory of learning, often in contrast to behaviorism—the 

psychological study of modifying behavior through rewards and repetition (Fosnot & Perry, 

1992). In contrast to constructivism, Papert’s (1991) theory of constructionism can apply to both 

a teaching and learning perspective. Individuals learn best when they are constructing an entity 

for the public, but teachers can also use this to guide their instructional design and teaching 

within a classroom setting. Additionally, constructionism, as a theory of teaching, contrasts 

transmission models of instruction—students who are simply told how to solve a problem, rather 

than experiencing how to solve a problem, often fall short of meaningful learning that is 

assimilated.  

Constructionism 

Piaget argued that children construct knowledge actively through interactions with the 

world, as did Seymour Papert (1991). While Piaget’s theory “tends to overlook the role of 

context, uses, and media, as well as the importance of individual preferences or styles in human 

learning and development,” Papert’s theory of constructionism speaks to this gap (Ackermann, 

2001). Papert and Harel (1991) wrote: 

Constructionism—the N word as opposed to the V word—shares constructivism’s view 

of learning as “building knowledge structures” irrespective of the circumstances of the 

learning. It then adds the idea that this happens especially felicitously in a context where 

the learner is consciously engaged in constructing a public entity, whether it’s a sand 

castle on the beach or a theory of the universe. (p. 1) 

Papert urged scholars to avoid simplifying constructionism to “learning by making,” 

arguing that the theory is “much richer and more multifaceted,” with deep implications for 

education. (Papert & Harel, 1991, p. 1). Constructionism favors the bricolage (or bricklayer) 
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approach to learning in which individuals are guided by the work as it proceeds, valuing the 

process over the final product. Additionally, constructionism favors individuals who prefer 

“closeness to objects” (with objects representing physical, tangible materials) rather than abstract 

ideas requiring a formal, analytical approach that is often emphasized in schools (Papert & Harel, 

1991, p. 6). Constructionism is often contrasted with instructionism, an approach to teaching that 

relies on passively transmitting information to students. Instead, Papert’s theory posits that 

students should be actively engaged in the construction of knowledge through creation of 

artifacts. This theory is viewed as more pragmatic and situated than the work of Piaget 

(Ackermann, 2001). 

Constructivism vs. Constructionism 

While both Piaget (1980) and Papert (1991) are considered constructivists and 

developmentalists, there are important distinctions in their work. Edith Ackermann, professor at 

MIT, worked with both Piaget and Papert. She described how “Piaget’s interest was mainly in 

the construction of internal stability…whereas Papert is more interested in the dynamics of 

change” in specific contexts (Ackermann, 2001, p. 8). Piaget focused on how children become 

increasingly detached from the concrete world, better able to represent abstract and symbolic 

meanings. In contrast, Papert emphasized (similar to Vygotsky) the importance of studying 

children in context. Unlike Vygotsky (who focused more on language and culture), however, 

Papert focused on how “knowledge is formed and transformed within specific contexts, shaped 

and expressed through different media, and processed in different people’s minds” (Ackermann, 

2001, p. 8). While Piaget’s work focused on decentering—the process by which a child moves 

from ego-centrism into a mutually shared world with others —Papert’s work focused on the 

opposite; Papert proposed becoming so immersed in the active construction of an artifact that 



MAKING MEANING OF MAKING 24 

one experiences a sense of self-loss (Ackermann, 2001).   

Ackermann (2001) contrasted Piaget’s emphasis on “stepping back” with Papert’s 

emphasis on “dwelling in.” She wrote: 

“Both are equally important…How could people learn from their experience as long as 

they are totally immersed in it? There comes a time when one needs to translate the 

experience into a description or model. Once built, the model gains a life of its own, and 

can be addressed as if it were “not me.” From then one, a new cycle can begin…the stage 

is set for new and deeper connectedness and understanding.” (p. 10) 

I agree with Ackermann’s claim—both stepping back and dwelling in are necessary components 

of any meaningful learning experience. 

This particular study investigates a constructionist classroom; the teacher provides 

opportunities for student to learn through constructing artifacts for an outside, authentic audience 

in line with Papert’s (1991) theory. Similar to Ackermann’s (2001) claims, students in the class 

frequently alternated between “stepping back” and “dwelling in” during the creation of their 

artifacts. In line with Papert (1991), students constructed knowledge through the construction of 

a tangible artifact, favoring the bricolage approach and closeness to objects. In the following 

section, a discussion of Cultural Historical Activity Theory (CHAT) is provided as the analytical 

lens through which this research is analyzed, as well as a more in-depth introduction to the 

activity system (or classroom) under investigation in this study. 

Cultural Historical Activity Theory (CHAT) 

In this study, CHAT is used as an analytical tool to explore the complex act of “making” 

within a school’s social and cultural setting. CHAT, regarded as “Vygotsky’s neglected legacy” 

(Roth & Lee, 2007, p. 186) and “the best kept secret of academia” (Engeström, 1993, p. 64), 
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holds great analytical promise for educational settings. More than eighty years ago, Vygotsky 

(1986) championed the notion of studying the cultural context and setting around an individual, 

in opposition to behaviorist approaches. Leont’ev (1978) and Engeström (1987) continued this 

line of research, with Engeström popularizing the infamous activity triangle associated with 

CHAT (see Figure 1). While earlier versions of the triangle contained only an individual subject, 

object, and mediating artifact (Vygotsky & Wollock, 1997), the diagram was modified as CHAT 

evolved over time. In this section, a brief historical overview of CHAT is provided. Following is 

a closer inspection of the different components that exist within an activity system, accompanied 

by an introduction to the activity system that I analyze in this research—a Creative Design and 

Engineering classroom—situated within the framework of CHAT.  

 

Figure 1. Cultural-historical activity theory (CHAT) represented graphically, adopted from 

Engeström (1987). 

Historical Overview of CHAT. Engeström (1987) distinguished between three 

generations of activity theory (herein referred to as CHAT). Vygotsky’s work created the 

foundation for the first generation, which focused primarily on the idea of mediation—the 

process through which individuals gain meaning by interacting with cultural artifacts and 
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symbols. Vygotsky (1978) described this process: "Every function in the child's cultural 

development appears twice: first, on the social level, and later on the individual level; first, 

between people (interpsychological), and then inside the child (intrapsychological)…All the 

higher functions originate as actual relations between human individuals" (p. 57).  

While situating individuals in cultural contexts was unique at the time, second generation 

activity theorists claimed that Vygotsky focused too much on the individual (Engeström, 1987). 

This shift in thinking created the second generation of activity theorists. A student of 

Vygotsky’s, Leont’ev (1978), continued his line of research, but expanded the focus from the 

individual to the “complex interrelations between the individual subject and his or her 

community” (Engeström, 1987, p. xv). In particular, Leont’ev drew from Marxist traditions more 

heavily than Vygotsky, focusing on “historically evolving division of labor,” and how that 

differentiated individual from collective action within an activity system (Engeström, 1987, p. 

xv). During this time, Ilyenkov (1977) also began using CHAT as a tool for understanding 

internal contradictions within activity systems as a force for change and development.  

Eventually, Cole (1988) argued that CHAT lacked sensitivity towards cultural diversity, 

and the conflicts that could arise between people of varying perspectives. The work of Leont’ev, 

Ilyenkov, and Cole spurred the third generation of activity theorists to analyze interacting 

networks of activity systems as opposed to a singular activity system. Since this work, CHAT 

has gained increased attention from Western scholars (Engeström, 1987; Roth & Lee, 2007). 

Scholars have appropriated this theory to study contexts outside those of learning and 

development, such as the design of computer software (e.g., Nardi, 1996) and the organizational 

workplace (e.g., Thompson, 2004). The third generation of activity theory focuses more on the 

interactions and conflicts that arise between whole activity systems, which constitute human 
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society as a whole (Roth & Lee, 2007).  

Activity systems. While Bakhurst (2009) warned against allowing the image seen in 

Figure 1 to take on a theoretical life of its own, it is a useful heuristic for considering what 

constitutes an activity system. According to Roth and Lee (2007), an activity system consists of 

the theoretical terms shown in Figure 1—subject, object, division of labor, community and 

rules—“and contains the higher order processes of production, exchange, distribution, and 

consumption” (p. 197). Karl Marx (1973) also discussed these higher order processes: 

Production created the objects which correspond to the given needs; distribution divides 

them up according to social laws; exchange further parcels out the already divided shares 

in accord with individual needs; and, finally, in consumption, the product steps outside 

this social movements and becomes a direct object and servant of the individual need, 

and satisfies it in being consumed. Thus production appears to be the point of departure, 

consumption as the conclusion, and distribution and exchange as the middle. (as cited in 

Engeström, 1987, p. 63; italics added) 

Production, exchange, and consumption represent activity embedded within the activity 

system. One challenge of using CHAT within educational contexts is the typical notion of what 

an activity represents in these settings. For example, in school, an activity is usually assigned by 

a teacher and occurs within one class meeting. However, in alignment with CHAT, an activity is 

actually “an evolving, complex structure of mediated and collective human agency” that changes 

dynamically over time (Roth & Lee, 2007, p. 198).   

Additionally, Roth and Lee (2007) argued, “an activity is realized through concrete 

actions, which are directed towards goals” (Roth & Lee, 2007, p. 16). Activity is broken down 

into conscious actions, which are broken down into smaller chains of actions, called operations 
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(Jonassen, 1999). Ultimately, activity can only be understood through concrete actions of 

individuals working to accomplish some goal in context. Leont’ev (1978) added that, “activity is 

not a reaction and not a totality of reactions but a system that has structure, its own internal 

transitions and transformations, its own development” (p. 50). Activities situated within activity 

systems are highly dynamic, constantly shifting over time. Additionally, Cole (2010) equated 

actions within activity systems to cultural practices.  

In the following subsections, the inter-related components of an activity system (see 

Figure 1) are discussed—subject, community, object, tools, rules, and division of labor. 

Following is a closer examination of the activity system under investigation in this study—a 

Creative Design and Engineering classroom. 

Subject and community. The subject within an activity system typically refers to an 

individual. The community refers to all actors within the activity system, and potentially others 

affected by the activity system. Engeström (2001) discussed how multiple subjects within an 

activity system represent “a community of multiple points of view, traditions, and interests,” or 

what he referred to as the essential principal of multi-voicedness (p. 136). He warned that the 

varied perspectives of individuals within an activity system are both a source of trouble and 

innovation, requiring individuals to constantly translate each other’s actions and negotiate new 

actions in the future to advance towards the object of the activity system. 

Object. In CHAT, the focus of activity is on the object of the activity system. In 

alignment with Vygotsky, Roth and Lee (2007) argued that the object of any activity system 

exists twice—“first as a material entity in the world and second as a vision or an image, both in 

its present state and how people envisage it in the future” (p. 198). Therefore, objects are both 

physical, tangible artifacts, as well as mental representations existing within the individual’s 
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mind. Similarly, Engeström (1987) wrote that an object is “more than just a goal or product. 

Objects are durable concerns and carriers of motives; they are generators and foci of attention, 

volition, effort, and meaning” (p. xvi). Following this, objects are not single creations, but the 

evolution of many creations. Furthermore, objects are the evolution of many creations motivated 

by individual concerns, interest, and effort. Therefore, a single object can consist of varying 

meanings and representations by individuals within one activity system. Additionally, the 

creation of an object can spur the creation of other objects, thus expanding the activity system. 

Tools. In general, a tool within an activity system serves “as the conductor of human 

influence on the object of the activity; it is externally oriented; it must lead to changes in objects” 

(Vygotsky, 1978, p. 55). Vygotsky distinguished between two types of tools—psychological and 

technical. Psychological tools are “directed toward the mastery or control of behavioral 

processes,” including tools such as language, writing, art, and algebraic symbols. In contrast, 

technical tools are “directed toward the control of processes of nature,” and could include tools 

such as laser cutters and 3D printers, which are used to manipulate physical matter occurring in 

nature (Vygotsky, 1981, p. 137). 

Rules. Rules constitute “an important resource for situated actions” (Roth & Lee, 2007, 

p. 199). Rules consist of the cultural norms, expectations, and practices that occur within a 

specific context and guide the actions of subjects within the activity system. For example, in the 

traditional classroom, rules might consist of staying seated in a desk and paying attention to the 

teacher at the front of the room. If a teacher has also created the norm that a student must raise 

her or hand to speak, whispering to a neighbor is then viewed as breaking a rule. If children are 

punished for talking out of turn, this then reinforces and upholds the culture of the classroom.  
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Division of labor. Roth and Lee (2007) equated human activity to the historical results of 

division of labor. They added that the division of labor occurs internally to a subject (e.g., 

students split up a large task into smaller sections, with each completing one section) and within 

the community (e.g., teachers teach, bakers bake). Similar to actions, division of labor occurs 

consciously by subjects within the activity system. Engeström (2001) wrote: “The division of 

labor in an activity creates different positions for the participants” (p. 136). Similarly, Jonassen 

(1999) referred to the division of labor as “task specialization” of individual members within the 

larger activity system (p. 64).  

CDE classroom as an activity system. In this work, I considered students and teachers as 

subjects within the activity system of a Creative Design and Engineering (CDE) classroom (see 

Figure 2). I explored how tools, both conceptual (engineering design thinking) and physical (3D 

printer), impacted middle school students’ (aged 13-14) participation in a digital fabrication 

project, and how the division of labor was divided between teacher and students, as well as 

within student groups. In this case, the specific object of the activity system is the digital 

fabrication of a prosthetic bone for use as a movie prop by a professional stuntman.  

 

Figure 2. The CDE classroom activity system, represented graphically. 
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Methods 

Research Design  

This research is a qualitative, descriptive, case study. As defined by Merriam (1988), “a 

qualitative case study is an intensive, holistic description and analysis of a single instance, 

phenomenon, or social unit” (p. 21). She added that descriptive case studies “include as many 

variables as possible and portray their interaction, often over a period of time” (p. 30). Merriam 

(1998) emphasized that a case should be a bounded system, something one can “fence in.” 

Additionally, Yin (1994) observed that a case study design is particularly well suited for 

studying a phenomenon that is impossible to separate from the context itself. In this research, the 

bounded case under investigation (also referred to as the activity system, in line with CHAT) is a 

Creative Design and Engineering (CDE) classroom where students worked in small groups to 

complete a digital fabrication project over the course of six months. 

To help focus my classroom observations, I employed an ethnographic perspective 

(Green, Skukauskaite, & Baker, 2012). Ethnography “is the art and science of describing a group 

or culture” (Walford, 2008, p. 2). I investigated the CDE course at a local middle school that was 

taught by the school’s science teacher, considering what students “took up” and how they 

“contributed to what was socially constructed” within the context of the described activity 

system (Baker, Green, & Skukauskaite, 2008, p. 38).  

Research Questions 

 The research questions that guided this work were framed using CHAT. In particular, I 

investigated how the available tools impacted the students’ ability to complete the digital 

fabrication project (also the object of the activity system), and how division of labor—both 

between teacher and student, and between students—impacted the students’ ability to complete 
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the project. Finally, I investigated what tensions arose in the CDE classroom between different 

nodes of the activity triangle (see Figure 2). The research questions are as follows:     

1. Conceptual Tools: How does the engineering design thinking process impact the 

students’ participation in and completion of a digital fabrication project in CDE? 

2. Physical Tools: What affordances and constraints does the 3D printer provide? How does 

this impact the students’ completion of a digital fabrication project in CDE? 

3. Division of Labor: How is labor divided between teacher and student in the CDE 

classroom? How do students divide labor among themselves within groups? 

4. Tensions: What tensions arise between interacting nodes of the activity triangle, shown in 

Figure 2? 

Research Context 

School. The participating school is a secular, private K-8 school located in Central 

California with approximately 210 students enrolled. The school prides itself on being student-

centered and enjoying lower teacher-student ratios than more traditional, public schools. The 

school hosts a variety of admission events throughout the school year to attract new students. 

Students apply for acceptance online, with a rolling admission period. There are select grants and 

funding options available for families to subsidize the tuition costs; students can receive 

anywhere from $1000 to almost full tuition coverage, based on the family’s need. Because the 

school is private, student demographic data is not publicly available. 

Participants. Participants included 14 (of 15 enrolled) 8th grade students, aged 13-14 at 

the time of the study. There were 7 female students and 7 male students; one male student 

enrolled in the class declined to participate. The majority of enrolled students were Caucasian. 

Students worked in groups of 2-4 to complete the digital fabrication project. In addition to the 
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classroom teacher (Ms. T), an instructional aide (Ms. W) with experience working with 

technology was also present in the classroom to assist students. The adults were also considered 

participants in this study. All student and teacher names used in this report are pseudonyms. 

Creative Design and Engineering Course and Curriculum. In the 2013-2014 

academic year (the year prior to the study), the middle school science teacher (Ms. T) offered a 

Creative Design and Engineering elective course because the school was interested in integrating 

science, technology, engineering, art, and mathematics (STEAM). However, when the course 

was offered as an elective, a greater number of boys enrolled than girls. Because the school and 

teacher felt that this was an essential learning experience for all students, the course was made 

mandatory the following academic year. In the required course, the teacher sought to provide 

experiences for students to design both digitally and physically in authentic contexts and for 

authentic audiences. She noted that the CDE course was an opportunity to go deeper into 

concepts and skills without worrying about teaching typical content and standards required by 

the state. For example, students programmed interactive stories and games using Scratch 

(http://scratch.mit.edu), built robots, experimented with Makey Makey 

(http://makeymakey.com), and gained experience using a 3D printer—specifically a MakerBot 

Replicator M2 (see Figure 3). The teacher also noted that she sought to teach “soft skills” to the 

students throughout the course; these skills included design thinking, learning from failure, 

empathy, focusing on process rather than product, learning to and from critique, acquiring 

knowledge through doing, and the importance of a growth mindset (Dweck, 2006).  
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Figure 3. MakerBot Replicator 2—the 3D printer used by students in CDE—with a prototype 

bone finished on the printer’s bed. 

 
This case study is specifically concerned with a learning unit that used the 3D printer as 

the primary physical tool for construction. In an effort to design an authentic design challenge 

using the 3D printer that also had an audience outside of the school, the teacher collaborated with 

a professional stuntman (also an enrolled student’s father, herein referred to as Mr. P) who was 

missing part of his leg, an important physical characteristic for the project task. In the resulting 

project, students were tasked with fabricating a prosthetic bone for use as a prop in a movie 

scene by the stuntman. The bone was required to look realistic and break with realistic fracturing 

when applied with a force, fitting within predetermined size constraints (see Figure 4). 

Additionally, the stuntman had plans to add artificial skin and blood to the bone for use in the 

movie scene; due to privacy concerns, he was unable to tell students which movie this prop 

would be used in.  
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Figure 4. Prosthetic bone project constraints, as recorded on the whiteboard for students.  
 

Figure 4 shows the “design criteria” for the prosthetic bone. The final bone design was 

required to fit into a “holder/connector,” measure 8 inches in length and 30 millimeters in 

diameter, and splinter in a realistic manner. The image on the right in Figure 4 is a drawing that 

the teacher created to assist students during class time. She also considered this a differentiation 

opportunity for the visual learners in her classroom. 

For this project, the teacher hoped that students would gain experience using the 

engineering design process, referred to as design thinking in this context; specifically, she hoped 

students would gain experience prototyping multiple designs, and gain practice changing 2D 

drawings into 3D objects over time. Additionally, she hoped students would gain experience 

working together, incorporating feedback from their groups, valuing different perspectives and 

opinions, and working within the project constraints. Table 2 shows a rubric that the teacher used 

to guide students in self-reflection throughout the project. 
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Table 2. Rubric provided to students to assist in self-reflection. 
 
Define the creative challenge You can explain what you are supposed to do in this project. 

 
Identify sources of information You can find the answers to your questions and you 

demonstrate resiliency in finding solutions to your problems. 
 

Generate and select ideas You can generate ideas for what to do in this project, help 
select best ideas, and offer ideas for how to improve on ideas. 
 

Originality Your product demonstrates a surprising or unique approach; 
shows a personal touch. 
 

Value Your product is seen as useful and valuable; it solves the 
defined problem or meets the identified need. Product is 
practical and feasible. 
 

Style Your product is well crafted and reflects effort. 
 

Knowledge through failure Project failure analyzed and shared with others and solution 
delivered that demonstrates clear application of lessons 
learned. 
 

Productivity You utilize resources available including make good use of 
class time. 

 
 

Prior to this project, students had several opportunities to gain experience using the 3D 

printer. First, students were allowed to design and print one object of their choosing, with the 

teacher’s approval of size. The teacher thought this provided practice, but also fulfilled the 

students’ desires to print something unique and personalized. These printed objects greatly 

varied by student. Some students printed holiday decorations because it was during the month of 

December. Other students printed their names, key chains, animal figurines, and jewelry boxes. 

One student in particular shared a story about how she was fond of drawing pictures of birds for 

her parents when she was younger, so instead of drawing another bird, she printed a bird as a 

gift. Students also gained practice using the 3D printer by participating in the White House 

ornament design challenge using the 3D printer; extra ornaments were donated to a local charity. 
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All 3D designs were completed using TinkerCAD (https://www.tinkercad.com)—free, publically 

accessible design software that functions within an Internet browser and on iPads (see Figure 5). 

Generally, students worked on the school’s laptops while using TinkerCAD, although they were 

permitted to use their own devices if they preferred. 

 

Figure 5. TinkerCAD design software, showing early prototype bone designs by one group. 

Data Collection  

To answer my research questions, I collected multiple types of qualitative data: 

observations, teacher interviews, and focus group interviews with students.  

Observations. In the 2014-2015 school year, I collected ethnographic field notes on 20 

hours of class meetings, documenting students’ design process weekly over the course of this 

six-month long digital fabrication project (See Appendix A for example field notes). During 

observations, I was primarily stationed at a side table when the teacher was reviewing 

information in front of the class. When students transitioned to working in groups, I walked 

around the classroom. I was primarily focused on the students’ design process within their 

groups. How were students working together, sharing work, negotiating ideas and designs? How 
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were the overall designs progressing in alignment with the project constraints? Additionally, I 

was interested in the teacher and aide’s roles in facilitation. How were the adults helping (or not 

helping) students in the design process?  At what moments did the adults interject and offer 

assistance to students, and in what moments did they refrain from assistance? How did this 

impact how the students’ work progressed? 

Interviews and focus groups. At the completion of the project, an individual teacher 

interview was conducted, and 4 student focus groups with 13 students in total (one student with 

consent was absent on the day of focus groups). Interviews took place on the school’s campus, in 

a quiet room free from distractions. Student focus groups ranged in length from 30 minutes to 70 

minutes, and were organized by the groups that students worked with during the project. The 

teacher interview lasted approximately 60 minutes. The teacher interview and two student focus 

groups were video and audio recorded. The other two student focus groups were audio recorded 

but not filmed because students in these groups only had parental consent for audio recording.   

For the interview and focus groups, semi-structured protocols were used (Brenner, 2006). 

A semi-structured interviewing protocol begins with precise questions and probes, but allows the 

individual researcher flexibility in conducting the interview. This type of protocol was selected 

to provide more freedom in following up on unanticipated questions or topics that might arise 

during the interviews. Both student focus groups and the teacher interview began with a grand 

tour question such as, “Walk me through an average, typical day in CDE,” “How does class 

usually start, progress, and end?” or “What type of work do you usually do?” These grand tour 

questions elicited the lived experiences of students and the teacher in real-world context, from 

their perspective, and provided detailed data worth following up on within the remainder of the 

interview. All questions were designed to be “open-ended, neutral, singular, and clear” (Patton, 
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2002, p. 353). Additionally, Spradley (2002) provided guidance in creating descriptive questions. 

While descriptive questions “are the easiest to ask and they are used in all interviews,” they 

proved valuable in understanding experiences and perceptions of participants (Spradley, 2002, p. 

60). These open-ended, descriptive questions allow participants to speak more broadly and 

discuss topics that they believe are important. Additional probes were also created for each 

question, in case responses needed expanding.  

The teacher interview included questions about her motivation, planning, and instruction. 

The student focus groups included questions regarding the 3D design experience and working 

with groups. For student focus group and teacher interview protocols, see Appendices B and C, 

respectively. 

Data Analysis 

First, student focus groups and the teacher interview were transcribed (see Appendix D 

for a sample transcription). After the focus groups and interview were transcribed, descriptive, 

emergent coding—in alignment with CHAT—was used to pull common themes in a first round 

of coding (Saldaña, 2010) based on each research question. According to Saldaña (2013), 

“description is the foundation for qualitative research,” and descriptive coding is “appropriate for 

virtually all qualitative studies” (p. 88, 262). Descriptive coding summarizes the data into a word 

or short phrase, most often a noun. Table 3 shows each research question, the corresponding 

structural code that was applied, and a brief description. 
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Table 3. Research Questions and Description of Qualitative Code 

 

The preliminary coding scheme shown in Table 3 was created and refined through group 

discussion with colleagues. Two researchers then used the revised coding scheme to code all of 

the focus group and teacher interview data using Dedoose software (http://www.dedoose.com); 

after, the two researchers reviewed each individual code to increase inter-rater reliability. In the 

event that the researchers disagreed about an applied code, discussion was used to reach 

consensus. After this round of coding, codes were grouped into their corresponding categories 

and further discussed to tease out emerging themes. These emerging themes were captured on 

poster paper, serving as an anchor in the discussion between researchers (see Figure 6). 

 

 
 
 
 
 
 
 
 
 
 

           Research Question                                Structural Code                  Description of Code 
How does the engineering design thinking 
process impact the students’ participation 
in and completion of a digital fabrication 
project in CDE? 
 
What affordances and constraints does the 
3D printer provide? How does this impact 
the students’ completion of a digital 
fabrication project in CDE? 
 
How is labor divided between teacher and 
student in the CDE classroom? How do 
students divide labor among themselves?  

 
Tools- Conceptual 
 
 
 
Tools- Physical: 
Affordance 
Constraint 
 
 
Division of Labor: 
Student-Student 
Teacher-Student 

Refers explicitly to the engineering 
design process or design thinking, or 
refers to group design process. 
 
 
Refers explicitly to the 3D printer. If 
positive, it is an affordance. If 
negative, it is a constraint.  
 
Refers to division of labor. If 
between students within one design 
group, it is student-student. If 
between teacher and student, it is 
teacher-student. 
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Figure 6. Emerging codes from the first round of coding recorded during group discussion. 
 

After emergent themes (e.g., novelty as an affordance of the 3D printer, or size 

limitations as a constraint of the 3D printer) were identified for each research question, 

additional analysis was completed using the ethnographic classroom field notes; specifically, 

each classroom observation was reviewed to confirm or disconfirm and supplement what was 

stated in the teacher interview and student focus groups. Illustrative excerpts were pulled to 

support the emergent themes for each research question.  

During this process, a new research question emerged—What tensions arise between 

interacting nodes of the activity triangle? This question was added because there were instances 

where observations and participant reports did not fit within the pre-established research 

questions and corresponding codes. In line with Agar (2000), these deviations were viewed as 

“rich points” worth further investigation. In line with CHAT, sources of tension within activity 

systems are worth further investigation because these sources of tension also provide suggestions 

for change and progress within the activity system as a whole. 
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Findings 

This analysis revealed a nuanced understanding of the students’ lived experience, situated 

in the complex system of a CDE classroom. The findings are organized according to the topics of 

my research questions. Finding one (tools) considers both physical and conceptual tools that 

participants used to complete the digital fabrication project. For the physical tool (the 3D 

printer), both the affordances and constraints of the tool identified by participants are shared. For 

the conceptual tool (engineering design thinking), the process is examined from the perspective 

of the teacher and students, and supplemented with ethnographic field notes. Finding 2 (division 

of labor) explores how labor was negotiated and divided in the CDE classroom; first, labor 

division between teacher and students is examined, followed by an in-depth analysis of two 

student groups’ negotiations of labor. Finally, two illustrative vignettes are presented to convey 

tensions that arose between different components of the activity system. All quotations are taken 

from student or teacher participants with pseudonyms used. 

Finding 1: Tools 

 Physical Tools. The primary physical tool used for the digital fabrication project was the 

3D printer. In the following subsections, both the affordances and constraints of the 3D printer 

are shared from the perspective of student and teacher participants in the CDE class.  

 Affordances. The primary affordances of the 3D printer that students identified were: 1) a 

sense of uniqueness and novelty around the tool, 2) the personalization and ownership of realistic 

products, and 3) future preparation for schools, jobs, and situations that might require the use of 

a 3D printer. Each of these affordances is discussed below with examples provided.  

 Novelty. There was a sense of novelty surrounding the use of the 3D printer within the 

school context and larger community. For example, one student shared, “I don’t think our 
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parents had 3D printers.” For her, and many other students, the tool itself was perceived as new. 

This sense of novelty also seemed connected to the idea that the students in CDE class were in a 

unique position—“I don’t think a lot of other schools are doing the same stuff.” This sense of 

novelty and uniqueness added excitement around the usage of the tool; as one student shared, 

“3D printers are amazing! And, then, we actually get to use it in middle school!  How crazy is 

that?” These students viewed themselves as distinct and in a privileged situation because of the 

novelty the tool provided. 

  Personalization and ownership. Another affordance of the tool was the quality of the 

products it produces. From the students’ perspectives, 3D printed objects seemed more realistic, 

closer to an object that one could purchase in a store. Perhaps more important to these students, 

they were able to design, personalize, and print objects for themselves; the following exchange 

between two students captures the sense of ownership that the 3D printer provided. 

Mariah: [Designing] is hard, then once your thing is printed, it’s fun. It’s like, oh my  

gosh, I made something. 

Travis: Yeah, I made it myself. I didn’t buy it. 

For these students, not buying the object from a store proved meaningful and motivating. 

It created a sense of ownership because the products were closer to professional quality. Despite 

the design process proving difficult at times, students enjoyed the finished products created by 

the 3D printer. As one female student shared, “It pays off in the end, right? You get something 

that you made.” The other students in her focus group eagerly agreed with her. 

In addition to expressing pride over the creation of realistic objects with the 3D printer, 

students appreciated the sense of personalization that the 3D printer provided, as illustrated in the 

following excerpt. 
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Bailey: Since it was Christmas time…I made like a little wreath with my name. And,  

stuff around it. But, just like the idea of having your name on something. 

Sophie: Yeah! 

Bailey: It’s like we get to 3D print things, and now it’s ours [laughter]. It’s not for you,  

but me. Just the idea of personalizing something that you made. It’s so forward 

with technology. It’s crazy. 

Future preparation. Several students expressed appreciation over this learning experience 

providing preparation for future schools, careers, and situations that might require the use of a 

3D printer. The following excerpt from a focus group illustrates this finding. 

Sadie: I remember when it was time for us to decide where to go to high schools, and 

definitely one thing I was looking into was something with a strong science department.  

And, I went out to [a high school] and I was touring their engineering academy. And, 

they were like so proud of their 3D printer. But, theirs is better than ours. It can print like 

three colors at one time. It’s still like the same technology that we’re using. And, I think 

it’s nice that we already know how to use it. We won’t struggle with it as much. Work 

hard, and then you can play hard. 

 For Sadie, the opportunity to practice using a 3D printer was motivating. She was already 

aware of her interest in science and engineering, and was able to see herself as capable of 

learning important skills to better prepare her for her future goals because of the 3D printer. 

Similarly, when asked if other schools should use 3D printers with their students, one student 

enthusiastically responded,  “Yeah, so a lot of kids can learn it and it can become a more 

common career in the future, if all schools had them.” Students seemed to understand the utility 

of the 3D printer and to connect the possibilities of this tool to future careers and goals. 
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Constraints. Despite the 3D printer providing many affordances for participating 

students, there were also constraints identified. In particular, students expressed concerns over 

the following physical limitations of the printer and corresponding software: 1) the size of 

printed objects, 2) the 2D nature of the design software, 3) the length of time objects took to 

print, and 4) the less-than-perfect aesthetics of some printed objects. Each of these constraints is 

discussed below with evidence from student focus groups and the teacher interview. 

Size. Many students expressed surprise at the size of objects the printer was capable of 

producing. As one group of female students agreed upon during the focus group, “I feel like most 

of the things we’ve done with the 3D printer have been trial and error. We didn’t know it was 

going to come out small.” Similarly, when students were allowed to free-print one object of their 

choosing before the bone project, Arianna shared, “I made a box that had a lid, and it was really 

cool. But, then it was like the size of my pinkie.” In both instances, the students were surprised at 

how small the printed objects were. 

 The size constraints also impacted the final bone designs that students created. Two of 

the four student groups printed their bone in multiple pieces so the printer could better 

accommodate, as shown in Figure 7. 

 

 

 

 

 

 

Figure 7. Bone designs that used more than one piece due to size limitations of the 3D printer. 
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In Figure 7, the group shown on the left attempted to create two interlocking pieces of the bone 

that slid into place. Alternatively, the group’s design on the right relied on the use of connecting 

“keys” that extruded from each side of the bone; the keys interlocked, creating the illusion of 

one, complete bone. 

Software Limitations. The size constraint of the printer was coupled with the constraints 

of the design software—TinkerCAD. The students designed their projects in a program that is 

displayed on a two-dimensional screen. The computer-generated model can be manipulated and 

rotated and is drawn in perspective that provides cues to the dimensionality, but it still is flat. 

Students must interpret the flat visualization as three-dimensional, which requires spatial 

thinking. As Sadie shared, “It’s kind of like….disoriented. You can’t visual it, like, what’s the 

3D version of it. And, sometimes you have to click and you have to reposition it. But, then it’s 

too far back. [laughter]. So you have to find a way to push it back forward. And, so…there’s a 

trick to it.” Both the design software and the physical limitations were constraints for what the 

students viewed as possible of producing with the 3D printer. In one student group, Bailey 

(whose design is shown on the right in Figure 7) shared the following about her experiences 

using the design software: 

Bailey: We sent [Ms. T our design], and then one [side] was like a little bit off. And,  

when we finally got [the print] the pegs were too big. And, one was like smaller.  

So, it was all just very…ugh…really frustrating at that point. 

Bailey’s group used interlocking keys to connect the two pieces of the bone. However, to ensure 

that the keys actually interlocked, it required a great amount of manipulation in TinkerCAD, 

which proved frustrating for Bailey. 
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Length of time. Another constraint identified by students was the length of time that the 

printer took to produce designs. For the bone project specifically, both the teacher and students 

shared concern over this aspect of printing. Multiple students made comments about the 

surprisingly long length of a print; “And, didn’t she say, ‘Your original bone would have taken 5 

hours to print?’”	  This concern was also captured in the teacher interview, as shown below. 

Ms. T: I don’t think I accounted for the bones really taking like two and a half hours to 

print. And that, with one printer, is a lot. It just, there’s only six, eight hours that I’m 

here. Okay, so I can get two or four….I left a couple [printing overnight] and it just like, 

the whole thing, cause it’s two hours, just like enclosed the whole extruder.  

Leaving prints unattended proved problematic for the teacher, resulting in less designs being 

printed for the students. Both parties seemed frustrated by this limitation. 

Aesthetics. Similar to the problem that Ms. T described above, 3D printers do not work 

perfectly all the time. Prints may come out too stringy, not fully formed, or different than the 

digital design. An example of these problematic prints is shared below from a student focus 

group. 

Alejandro: I don’t know. We sent many designs, and they came out like what we didn’t  

do. Like, one time, we put a cut here, and there was like two holes, and two little 

things. 

Cody: Yeah, like a demented seashell. 

Alejandro: Another one was all melted. 

Similarly, Sadie experienced a problematic print—“Different parts didn’t come out very well. It 

was like loose 3D printing, instead of being nice and tight.” Students seemed surprised that the 

3D printer was not error-proof. 
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 Conceptual Tools. The primary conceptual tool used by students in completing this 

project was the engineering design process, referred to as design thinking by the teacher in this 

context. Table 4 shows the engineering design process as described in the Next Generation 

Science Standards (NGSS Lead States, 2013), and Figure 8 shows the design thinking process as 

it was taught and represented on a bulletin board of the CDE classroom. 

Table 4. Engineering design process as described in the Next Generation Science Standards 

(NGSS). 

Defining and Delimiting 
Engineering Problems 

Involves stating the problem to be solved as clearly as possible in 
terms of criteria for success, and constraints or limits. 
 

Designing Solutions to 
Engineering Problems 

Begins with generating a number of different possible solutions, then 
evaluating potential solutions to see which ones best meet the 
criteria and constraints of the problem. 
 

Optimizing the Design 
Solution 

Involves a process in which solutions are systematically tested and 
refined and the final design is improved by trading off less important 
features for those that are more important. 
 

	  

	  

Figure 8. Design thinking process: empathize, define, ideate, prototype, test. 
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The design thinking process that Ms. T used with her students included the following 

steps: empathize, define, ideate, prototype, and test. When asked during the teacher interview to 

describe the process of design thinking that she taught her students, Ms. T responded with the 

following:  

Ms. T: Definitely starting with like a general question that I’ve formulated...then they 

interview, they gain empathy by interviewing. You know, depending on the situation, but 

in this project it was definitely interviewing [the stuntman] and getting firsthand 

information of what he needed and any insights from his profession…. then going into 

like throwing all their ideas out and then narrowing it down into something I think’s 

going to be successful and then actually having physical prototypes that they can play 

with and see how they work, testing those, getting feedback from him, getting feedback 

from classmates, but also gaining insights from their classmates. 

Ms. T’s design thinking and engineering design, as described in the NGSS, share similarities. 

Both processes require that students identify and work within project criteria and constraints, 

narrowing down ideas over time, and test prototypes in alignment with the project criteria and 

constraints. In contrast, Ms. T’s design thinking emphasizes empathizing with the user as an 

explicit step in the process. Similarly, Ms. T shared why she thinks this is an essential skill to 

learn in the context of a classroom: 

Ms. T: I think the great part of design thinking is that conceptually it’s not just the people 

who are really good at and interested in science, right? It’s that every person has a 

perspective and brings that to the table and ideas, and those ideas are valuable in creating 

your solution or your prototype… So it’s not about well that kid has an A and I’ll just do 

his idea or her idea. It’s ‘That’s a great idea’ all on its own. So I wanted them to 
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experience that and learn how to have dialogue and whittle down what their idea would 

look like valuing everybody’s input. 

For Ms. T, design thinking provided an opportunity for her students to work together, gaining 

practice in valuing ideas and input from all students in the classroom. 

 Students were also asked to articulate each aspect of design thinking as it impacted their 

process—empathize, define, ideate, prototype, and test—during student focus groups. In the 

following subsections, each stage of design thinking that was used in the classroom is discussed, 

from the perspective of each student focus group. Similarities and differences in how groups 

responded to each stage are identified. These findings are also supported with excerpts of 

ethnographic field notes taken during classroom observations. 

 Empathize and define. In the context of the CDE classroom under investigation, both the 

empathize and define stage of design thinking occurred simultaneously when the stuntman 

visited class to discuss his need for a realistic, prosthetic bone with the students, and are thus 

presented together here. According to the Institute of Design at Stanford, the empathize stage of 

design thinking is the “effort to understand people, within the context of [the] design 

challenge…the way they do things and why, their physical and emotional needs, how they think 

about the world, and what is meaningful to them” (Institute of Design at Stanford, p. 1). 

Additionally, the stage of define is articulated as “sense making,” resulting in the meaningful 

creation of an “actionable problem statement” which includes goals and constraints of the 

problem (Institute of Design at Stanford, p. 2).  

In all 4 focus groups, students were clearly able to articulate the project constraints and 

show some level of empathy to the needs of Mr. P (see Table 5). 
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Table 5. Students’ articulation of empathizing and problem definition. 

Focus Group 1 Focus Group 2 Focus Group 3 Focus Group 4 

H: Building a bone for 
a- 
D: -A prosthetic bone- 
H: -For a stunt double-  
D: -Yeah. A prosthetic 
bone for someone’s 
stunt double.   
B: In a movie, or a film.   
S: I was thinking about 
something that is 
versatile and functional, 
and had a strong enough 
design, but it also had 
that weak spot, where 
you hit it and it just goes 
flying.   
H: One thing he wanted 
was for it to splinter. So, 
we came up with 
different ideas to make 
it.    

E: Yeah, Mr. P needed a 
bone to break for his 
stunt. A bone that could 
break easily and 
splinter. Once we had 
our first trial, we had to 
make corrections and 
try again. We took 
things away, we added 
things. We made it look 
like a real bone. He 
wanted it to look 
realistic. 
 
A: Yeah. We had to 
make it breakable in the 
middle, because our first 
bone was really hard.  It 
had to splinter. 

T: We had someone in 
the 7th grade, their dad 
came in. He explained 
to us how in movie 
stunts they use fake 
bones…that can crack, 
like for people who 
don't have legs or arms. 
If you see in the movies 
somebody break their 
arm or leg, it's usually a 
fake arm or fake leg, but 
it looks real. So, we 
were given the task to 
make a bone that looks 
real when it cracks, but 
it looks original. So, if 
you put it on your arm, 
and crack it, it looks the 
same as in the movies.   

A: Didn’t she bring like, 
Lewis’s dad? 
 
C: Yeah, Mr. P came in 
and was telling us the 
information that we 
needed to know, like the 
exact measurements he 
wanted so we could start 
on the bone project. 
 
B: He showed us some 
things he did. 
 
E: His videos. 
 
C: Yeah, videos people 
had made bones. Like 
3D printing. 

 

In Table 5, students’ articulations of the project constraints were fairly accurate. All groups were 

able to correctly explain the overall goals of the project—the bone had to look realistic and 

splinter in order to function as an effective movie prop for the stuntman (Mr. P). However, most 

students failed to mention specific size constraints that the bone should meet during this 

interaction, with the exception of students in focus group 4; they were able to recall that there 

were specific size constraints, but failed to mention the exact measurements. Additionally, 

students showed evidence of using empathy towards the needs of Mr. P’s design; for example, 

students used phrasing such as “Mr. P needed…” and “One thing he wanted…” In focus group 4 

specifically, students seemed appreciative of Mr. P’s work from the video footage they watched. 

The students’ descriptions align to both the empathizing and defining stages of design thinking. 

Students were able to empathize with the design challenge and the stuntman’s need for this 
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movie prop, and were able to define the project criteria and constraints with the help of Mr. P 

and Ms. T. 

 Ideate. The next stage in the design thinking process is to ideate, or to generate ideas 

(Institute of Design at Stanford, p. 3). Table 6 shows students’ articulation of the ideate stage 

when asked, “How did you come up with your design?” 

Table 6. Students’ articulation of the ideate stage of design thinking. 

Focus Group 1 Focus Group 2 Focus Group 3 Focus Group 4 

S: We wanted to think 
outside of the box. Not 
really go with one, solid 
design, but have two 
different, intricate parts 
that would…come 
together. We came 
about this idea, we were 
drawing it on the board, 
and like…I don’t know, 
hook them together, 
make them become one, 
but staying self-
sustaining in a way… 
It’s more of an inter-
locking type of thing. I 
think [my partner] and I 
argued about this for 
days… and, there was 
definitely a lot of help 
from Ms. W... she came 
over, and she’s like, 
“Alright, well, if you’re 
going to do this, this 
isn’t going to work 
because of this.” And, 
we kind of came up 
with other options. And, 
from there, we came up 
with a final product. 
And, I’m really proud of 
that. 

A: I feel like most of the 
things we’ve done with 
the 3D printer have been 
trial and error. We 
didn’t know it was 
going to come out 
small.   
 
E: And, then when we 
tried to make it bigger, 
it ended up not even 
printing. [laughter]  
 
A: Did you see Kevin’s? 
 
E: Yeah. The boys had 
this weird, I don’t even 
know what happened. 
   
E: We had these like 
weird circles inside the 
bone, but then we had to 
take it apart because it 
didn’t work. It was too 
solid here, so when we 
tried to break it- 
 
 

T: We thought that the 
best shape would be an 
oval. 
 
M: Yeah. We kind of 
had the same idea like 
the whole time, but we 
just kept making it 
better. 
 
M: Well, I think that we 
changed, like on our last 
bone…there was like 
this cut-out…that 
apparently helped. 
 
T: I think that was just 
to make it look more 
realistic. 
 
T: Also…the original 
one was just like a 
round, large block, 
whereas this one had 
bumps and was hollow.  
More realistic. It breaks 
more easily. We just 
improved it over time.   
We got suggestions 
from people, and Ms. T. 

E: Well, at first, we saw 
others people…and 
theirs worked like really 
good when they split it.  
And, they were telling 
us that it would be 
easier if it was hollow 
cause then you could 
put like the fake blood 
in for his movies, so it 
would be more dope. 
[laughter] 
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In line with CHAT, subjects of an activity system will respond differently in regards to 

the activity. Similarly, student participants explained very different ways of ideating. For 

example, in focus group 1, the students described a collaborative (yet slightly argumentative) 

process of narrowing down ideas over time with help from the additional teacher in the class 

(Ms. W). This process was also captured in the field note transcriptions (see Figure 9).  

 

Figure 9. Students collaboratively 

narrowing down ideas during class time with help from Ms. W. 

 

In Figure 9, both ethnographic field notes and the image depict the collaborative nature of the 

design process. Students were brainstorming (or “spit-balling”) ideas, and with help from Ms. W 

were able to narrow down their ideas over time.  

While students from focus group 1 ideated in manner described above, other groups 

articulated the ideation stage differently. In focus group 2, for example, the students simply used 

Field Notes: January 8, 2015 
Students ask Ms. W if they can draw on a whiteboard; she 
replies, yes enthusiastically.  
S: We discovered that the breaking point needs to be off-
center.   
K: Can we make hollow sections within the bone to help it 
splinter, like bubbles? 
This leads to a conversation about density. The denser an 
object is, the harder it is to break. 
Ms. W: Can you make the hole bigger?  
K: Could we design it a certain angle, where it just slides? 
Ms. W provides an example of a car’s hubcap; the hubcap 
is either screwed or pushed onto the car’s wheel. 
K: We could design smaller pieces coming off the bone 
that would allow it to connect to the other piece, kind of 
like Legos. 
Ms. W: Yeah, those connecting pieces are called	  keys. 
K: Okay, well keys. 
Ms. W: We’re just spit-balling ideas! 
K: What does it mean to spitball? 
Ms. W: To throw a whole bunch of ideas out at once, kind 
of like brainstorming. 
S: I think the sliding design might work. 
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trial and error, focusing more on the design process within TinkerCAD. In focus group 3, 

students shared that they started with a basic shape in TinkerCAD (an oval), and continued to 

revise that shape over time, making it more realistic and better aligning it to the project 

constraints. Interestingly enough, all four focus groups discussed getting ideas from other people 

in the classroom. For example, in focus group 3, one student shared that his group “got 

suggestions from people and Ms. T.” Additionally, one student in focus group 4 shared that his 

group began the design process by looking at others groups’ designs—“Well, at first, we saw 

others people…and theirs worked like really good.” This group then proceeded to get additional 

ideas from classmates; “they were telling us that it would be easier if it was hollow cause then 

you could put like the fake blood in for his movies.” Gaining input from fellow classmates and 

the adults in the room was a crucial component of the ideate stage for students in this digital 

fabrication project. 

Prototype. The next stage of the design thinking process is to prototype. The Institute of 

Design at Stanford describes this stage as “building to think” (p. 4). A prototype is loosely 

defined; it includes physical models, but can also consist of a storyboard, diagram, or list of 

notes—“anything a user can interact with” (Institute of Design at Stanford, p. 4). Figures 10-13 

demonstrate early prototypes created by students in the CDE classroom. The amount of created 

prototypes ranged from 4-10 in number, depending upon the group. While these prototypes are 

also physical tools, they were created within the context of a conceptual tool (design thinking), 

and are presented here. 
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Figure 10. A diagram (and early protoype) created by students in focus group 1.  

 

 

Figure 11. A later prototype of the same group, completed using TinkerCAD.  
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Figure 12. Another early prototype of the connecting piece required to secure the bone. 

 

 

Figure 13. A prototype of a complete, prosehtetic bone. 
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Test. The final stage of the design process is to test. The testing stage is when designers 

“solicit feedback about the prototype...from [the] users and have another opportunity to gain 

empathy” (Institute of Design at Stanford, p. 5). In the context of the CDE classroom, students 

went through two rounds of testing. In both cases, Mr. P came to the school and participated in 

the testing process. Students gained feedback from him in regards to the project criteria and 

constrains, while having another opportunity to gain empathy in regards to his needs. After both 

rounds of testing, students were given time to redesign and print another bone. Table 7 shows the 

students’ articulation of testing prototypes in the first round. It is important to note that the 

student focus groups were conducted in between round one and two of testing.  

Table 7. Students’ articulation of the prototype and test stages of design thinking. 

Focus Group 1 Focus Group 2 Focus Group 3 Focus Group 4 

B: Ours, we like didn’t 
break it in front of 
everyone. But, at the 
end, we wanted to break 
it, just for fun. And, 
because at the time, it 
wasn’t like [a complete] 
actual bone.  
 
H: Like half a bone.   
 
B: So, we put in all the 
pegs. And, it kind of…. 
 
D: I like smashed it 
against the table. 
 
B: Yeah. And the pegs 
fell out, and then it kind 
of like broke off. It was 
kind of what we wanted, 
but it was also kind of 
not at all what we 
wanted. There were 
parts here and there that 
we could change.   

E: Well, it broke after 
like a lot. [laughter]. 
 
AH: Okay.  What did 
you learn from testing 
that bone, and how did 
it change your design? 
 
S: I think we accidently 
made the parts we 
wanted hollow, solid.  
So, I think that was our 
mistake. 
 
A: But, then we made it 
too hollow and it printed 
out as nothing.   
 
E: There were a lot of 
things we had to change 
throughout the process.  
We’re still waiting for 
the final bone.   
 

Ty: I thought we broke 
it... 
 
Tr: Oh yeah, it was 
fresh out of the 3D 
printer. He was like, 
"Oh look at this bone!" 
and then he snapped it 
in half. [laughter] 
 
Ty: That was an 
accident. I wasn't paying 
attention.  I don't know. 
 
AH: Did it break and 
splinter like it was 
supposed to?  
 
Ty: Yeah, one half. 
Well that's how we 
knew it would work. 
Yeah, but I got in 
trouble for it.  We didn't 
want to use 3D material, 
but that's how we 
figured out that it 
worked. 

C: Not too well. It was 
probably our second 
print when we got to 
split it. Evan dropped 
the weight on the bone. 
 
A: It was literally one 
piece…It was only 
connected by the sides. 
 
AH: Did it break? 
 
C: Yeah, but after like 
ten drops though. That’s 
when we filled the 
rectangle in.  
 
A: Only the bottom was 
holding it together, and 
this was all hollow.   
 
C: It didn’t really work, 
so that’s why we made 
it [more] hollow in the 
very end. 
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As shown in Table 7, students used different methods for their initial testing of the bone 

prototypes and received different types of feedback. For students in focus groups 2 and 3, the 

prototype bones actually broke when force was applied during class with Mr. P, but the bones 

did not break in the manner required by the project constraints (they did not splinter). In focus 

group 1, students shared that they tested their bone independently; they found that some aspects 

of their design worked well, while others needed modification. In focus group 4, students shared 

that they accidentally tested their bone, but also received positive feedback about the 

functionality of their design. All groups realized that their early prototypes were not perfect and 

required changes in the design to ensure the bone met the requirements.  

 After round one of testing, Ms. T. provided the students with a reflection opportunity, as 

captured in the ethnographic, classroom observations, shown below. 

 

	  

	  

	  

	  

	  

	  

	  

	  

 

 

Field Notes: January 8, 2015 
At 10:05, students begin entering class. Ms. T starts by reviewing the “design criteria” for the 
project.  She writes student answers on the board, as they are shared aloud. 

 S- It has to fit into the connector. 
 S- It has to be 8 inches long. 
 S- It has to be 30 mm in diameter. 
 S- It has to break 
 Ms. T- How does it have to break though? 
 S- It has to splinter. 
 S- What do you mean splinter? 
 S- Like this (makes hand gesture).  Not like straight. 
 Ms. T- Fray might be a better word.  It has to break into little pieces of shards. 
 S- And, the top part.  (referring to connector, which Ms. T. draws on board.) 

Ms. T. then checks to see which groups have had something printed by asking students to raise 
their hands. 

 S- Well, we printed something, but now we’re doing something completely different. 
Ms. T. then tells the students that they will be reflecting on their successes/failures of the first 
design.  

 Ms. T- Why do we want to do this before moving to our next design? 
 S- To make it better 
 S- To fix it…or make it better.  You know what you want more. 
 J: So, you have a better idea of what you want from the design now. 

At 10:10, Ms. T. passes out the reflection paper [shown in Figure 14]. She requests that 
students either check-in with her or Ms. W before moving onto the computer. 
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Figure 14. Reflection questions provided to students. 

Students were then given additional time to further refine their bone before Mr. P visited the 

school again. Figures 15 and 16 show Mr. P’s final visit to the school for testing. In this round, 

Mr. P brought fake skin to cover the bone, and fake blood to insert inside of the bone.  

	  

Figure 15. Students helping Mr. P prepare for testing. 
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Figure 16. A student helping Mr. P pour fake blood into the bone before testing.	  

	  

Finding 2: Division of Labor 

In line with CHAT, subjects within an activity system will negotiate how labor is divided 

in order to accomplish the object of the activity system. Division of labor refers to the explicit 

and implicit organization of a group, and, in this context, may include physical tasks that 

students complete, but also facilitation and expertise that teachers provide. In this CDE 

classroom, implicit and explicit negotiations were made between the teacher and students, as 

well as between students within design groups. In this section, both types of divisions of labor 

are discussed. Excerpts from the teacher interview, student focus groups, and classroom 

observations are shared to support the findings. 

 Division of labor between teachers and students. There was inherent tension between 

how labor was divided between teacher and student, and how some students wanted labor the 
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divided. On one hand, students expressed frustration that Ms. T was in control of the 3D printer; 

as one student shared during the focus group, “She mainly controls all the things.” Additionally, 

because Ms. T was in control of the printer, students did not always receive their printed objects 

in what they considered a reasonable amount of time. In one group of 4 boys, a student shared, “I 

just think she could have printed ours so we could see what would happen…because we haven’t 

seen our last two printings.” On the other hand, while Ms. T maintained control of the 3D 

printer, students were free to plan their own designs and manage their own time during class. As 

one female student shared, “She let’s us plan our own time.” While Ms. T controlled the printer, 

she did not exert much control over the flow of class. Students had greater control over how they 

spent their class time. 

 Another factor that impacted the division of labor between students and teachers was 

expertise: who knows what? This idea is inherently connected to how labor is divided. For 

example, an individual within an activity system sometimes cannot complete a certain task 

without enough expertise, and is forced to seek out what expertise is missing. This frequently 

occurs in classrooms, with students seeking assistance from a teacher. A related tension was 

observed in this CDE classroom in regards to Ms. T’s level of knowledge and expertise about 3D 

printing. Some students assumed that Ms. T should be an expert about 3D printing, while others 

appreciated that she was still learning. 

As described by Ms. T during the teacher interview, “Where I was two years ago, I was 

still a little bit like, I’m a science teacher, I don’t see myself as necessarily needing to know 

some of this other aspects,” such as 3D printing. However, after Ms. T had an opportunity to 

connect with other local individuals who were working with 3D printers, attend the International 

Society for Educational Technology (ISTE) annual conference, and see the excitement in her 



MAKING MEANING OF MAKING 62 

students when a guest speaker from the public library brought a 3D printer to her classroom, her 

perceptions changed. She shared: 

I think the thing with 3D printing that really got me excited was the [public] library 

actually…and what they were doing and had them come out to show the kids. And me 

watching firsthand how excited they were, I was like, this is different. It’s kinda like 

when I brought an iPad home and my daughter played with it when she was two and I 

was like, this technology is really different…how well she’s adapting to it…And so same 

thing with the 3D printing, seeing how excited the kids were to create something, and that 

it was successful but that they were just so excited to even watch something print.  

Ms. T’s initial excitement about using this technology with her students came with reservations 

about her own competencies in regards to teaching about this technology, however she also 

viewed this as a benefit; she was able to learn alongside her students, as shown below: 

I think with a professional degree like teaching you’re taught a lot of things… and this 

has been very different…this is nothing I learned in college. I feel very self-taught in a lot 

of ways. They say there’s that bias of knowledge. I didn’t have that, I think it was 

actually a blessing, I didn’t have it, so I was…right there with [my students]. 

The “bias of knowledge” that Ms. T avoided elicited different reactions from students, as shared 

in the focus groups. While some students viewed Ms. T’s lack of expertise as a positive—she 

was better able to explain the concepts to students because she was simultaneously learning it for 

herself—others expressed concern over a lack of guidance in connection with such an important 

skill. In line with CHAT, subjects in an activity system will respond differently to the manner in 

which labor is divided, as shown in Table 8. 
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Table 8. Different student perceptions about the teacher’s lack of expertise. 

Viewed as Positive Viewed as Negative 
Bailey: As you ask [the teacher who’s still learning] for 
help, they teach you even if they don’t really know 
100%, so they’re also learning, and you’re learning with 
them. So, you’re kind of in the same space almost. 
 

Sadie: Yeah, if [the teacher] know the program, [they’re] 
like just do bah, bah, bah.  And, then [the student has] be 
like, “oh wait, how’d you do that?” But, the [teacher] 
who’s still kind of learning, they’re like, first you go 
here, and then you go here, and then you click on this, 
and then you click on this. 
 

Travis:  And, also with a teacher who’s not really 
familiar with it, has to get familiar with it before she 
helps her students. If the students are not familiar with it, 
and the teacher’s not familiar with it, it’s not going to go 
anywhere.  
 
Tyler: I agree with that. The teacher has to have a lot of 
experience with it first off.  Then, they have to teach it to 
the students, so they understand it more. 
 
Travis: Yeah, because if the teacher doesn’t know, or the 
students get stuck and there’s like 30 kids in the class 
and the teacher has to go around and help every student, 
the students are going to lose interest. This is dumb. I 
don’t want to do this. Because, it’s such a big thing. 
When they learn it, it can be like a career for some 
people. So, teachers shouldn’t take that lightly. I’m 
giving these kids a career option. I need to learn it 
myself, so I can help them go to the best of their 
abilities. 

 

As shown above, some students thought that Ms. T should be an expert in 3D printing before 

teaching this skill to her students, as is typical in the traditional classroom setting: teachers teach, 

and student learn what the teacher already knows. If students viewed the teacher as the primary 

knowledge holder before this project, it seems logical that they would also expect her to have all 

of the answers. In contrast, other students viewed Ms. T’s lack of expertise as beneficial. She 

was described as being in “the same space almost” and better able to articulate how to use 

TinkerCAD and the 3D printer. Interestingly enough, this juxtaposition caused the school to seek 

out another individual who was more versed in 3D printing (Ms. W), which also impacted how 

labor was divided. 

 Ms. W was a volunteer at the local library that used 3D printers, as well as a volunteer at 

the school on a weekly basis. By adding another adult to the CDE classroom, the division of 

labor shifted. Ms. T was no longer the only teacher in the room available to the students. All 
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students in the focus group generally agreed that having another person to help was extremely 

beneficial in completing the project, as described in this excerpt from a focus group: 

Derek: And so more people are asking questions.   

Sadie: It’s like a more demanding class- 

Bailey: And there can’t be like one person running around everywhere.  

Sadie: -and so, that’s why Ms. W [is there]. 

Bailey: Yeah. [The assignments in CDE are] harder for us as a class. But, it is something  

we look forward to because it’s not like hard like, “Uhh...why do we have to do 

this?”.  

Hannah: It’s hard like fun. 

Bailey: It’s hard like- “Yay!  We get to figure out a new way to work around this.” I love  

having [multiple] instructors though. I think Ms. W is great. She’s so easy to talk 

to. She’s very straightforward, and she’s not going to sugarcoat anything. 

Sadie: If you’re doing something wrong, she’s going to tell you you’re doing it wrong. 

Bailey: She’s not going to let you go into the dark doom of failure, just on your own over  

there. But, she’ll give you…a tiny idea, and then watch you pick it up, and make 

it huge. 

Sadie: I would say, definitely having more than one person in the room is a large help. 

Students greatly appreciated having an additional instructor, who helped better disperse the labor 

and avoid overburdening the teacher who was also learning alongside her students. Similarly, 

one student noticed how Ms. W was an excellent resource for Ms. T outside of class time. 

Sadie: Ms. W and Ms. T will stay with a problem. Like, they may have moved on during 

class. But…after class, I’ve seen Ms. T sit with like 3 or 4 computers trying to figure out 
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what’s wrong with it. And, it’s just nice, how the teachers connect with the students and 

try to help them. 

In the excerpt above, Sadie noticed how Ms. T and Ms. W did not stop working on a problem 

when class was over. The instructors continued problem solving after the students were 

dismissed. 

Division of labor between students. Each group negotiated how labor was divided 

differently, depending upon their preferences; Ms. T did not provide guidelines, rules, or roles 

about who should do what as the students worked to complete the project. As a result, the 

process was very organic and provided an honest reflection of how students negotiated working 

together. The class had a total of 5 different groups. In the following section, the labor 

negotiations and work habits for two groups of students are analyzed, using ethnographic field 

notes and student reports during the focus groups. These groups were chosen because they 

represented contrastive types of work within the classroom. In Bailey’s group, students were 

very motivated and went above and beyond the projects’ requirements; in Alejandro’s group, 

students seemed to struggle with engagement and focus throughout the project’s duration. In 

typical, mainstream classrooms, teachers will encounter both types of students. As a result, both 

are discussed here in more detail. 

Bailey’s group—“Algebra, yay!”. Bailey’s group consisted of two female students and 

one male student—Bailey, Hannah, and Derek. In this group, Bailey seemed to take a lead role, 

as illustrated below during the first classroom observation conducted. 
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Figure 17. Bailey at the whiteboard with Ms. T and Ms. W; Hannah and Derek are at the table. 

 On this day, Bailey negotiated her idea with the adults in the room, while her other group 

members (Derek and Hannah) sat at the table. It was clear that Bailey had a design in mind, and 

was attempting to convey that in a clear manner to the adults in the room, not necessarily her 

other group members initially. This negotiation between Bailey and the adults led to the final 

design that the students decided upon; the bone would consist of two separate pieces that 

somehow interlock, as shown in Figure 18. 

 

Figure 18. Bailey’s group design as of December 12, 2014, as drawn by Bailey in blue marker. 

Field notes: 
December 12, 2014 

 
[Bailey] attempts to 
explain her idea to Ms. 
T, who hands a 
whiteboard marker to 
her. The girl then 
positions herself in front 
of the whiteboard, 
drawing and explaining 
her ideas to Ms. T and 
Ms. W.  She’s confident 
in her ideas, and has 
taken the role of teacher 
in this interaction.   
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 This initial observation of Bailey acting as a group leader continued as a trend in the 

following classroom observations, as shown during my next observation on January 8, 2015, 

after students returned from winter break. 

 

Again, Bailey was the primary leader in deciding which design the group would use. She was the 

most active in the conversation with Ms. W in regards to splintering. At the end of class that day, 

Bailey’s group settled upon the design shown in Figure 19, and began calculating the correct 

distance and width necessary for each interlocking key. Derek and Bailey were more involved in 

these calculations than Hannah at the time, shown by his motivation to settle the debate about the 

length of one millimeter, and his work to solve the algebraic equations necessary to design the 

interlocking keys.  

Field notes: January 8, 2015 
 

Bailey’s group is working intently. They saw that Sadie’s bone broke evenly, without splintering. 
Ms. W has a conversation with the group. 
 Ms. W: Plastic and splintering don’t usually go together. 
 Bailey: So the bone will have to be jagged, and have enough pressure to break it. 
 Ms. W: Slanted is the only way to get jagged. 
 Bailey: What if we put a hollow, jagged structure inside the bone, so when it breaks the  

bone just looks splintered? 
[Later in class], Bailey’s group has decided to go with the Lego idea [shown in Figure 18]. They 
are using math to calculate the necessary lengths of each connecting “key”. They have also 
decided to use different lengths of connectors to hopefully result in a jagged break. 
 Bailey: Algebra! Yay! (seems somewhat sarcastic, but is laughing and smiling.) 
 Derek: Proofs! 
The group has a debate about the length of 1 millimeter. Derek settles the debate by grabbing a 
yardstick from the front of the classroom. 
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Figure 19. Bailey’s groups design, as of January 8, 2015, with interlocking keys. 

The next class observation resulted in clearer negotiations and distributions of labor. 

Rather than Bailey directing the group the entire time, each member had a specific task that they 

were responsible for completing. The following observation captures the division of labor that 

occurred one week later. 

 

 

Field notes: January 15, 2015 
Bailey’s group began working on the computer. They have an iPad with saved pictures from their 
work they drew on the whiteboard last class period [also shown in Figure 19]. Ms. W checks in with 
this group about their progress. Bailey tells Ms. W that they changed their design since last week. 
They printed one bone, but had to throw it away because their design wasn’t right; “the only good 
thing was the size,” according to Bailey, who adds on that the group is “downtrodden in our 
wallowing sorrow,” about their design being flawed. She seems to be joking; the group laughs and 
gets back to work.  
 
[Hannah and Bailey] begin working on TinkerCAD. Derek is selecting music on his iPad. Ms. W 
approaches him to ask what music he is listening to; it doesn’t appear to be problematic that he is 
listening to music while working in class. 
 
The group splits up sections of the bone. Derek and Bailey work on designing the interlocking keys, 
while Hannah works on designing the connecting piece. 
 
[Later in class, Hannah] finishes her section of the bone and is freely designing a bird on TinkerCAD. 
Ms. T checks in with this group. Bailey and Derek are comparing and coordinating measurements so 
that their keys correctly interlock. All brainstorming is done on the classroom whiteboard. Bailey 
grabs markers without asking for permission. This seems like part of the classroom culture. 
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During the observation on January 15, 2015, the group divided different sections of their design; 

Bailey and Derek worked on the interlocking keys, while Hannah worked on the connecting 

piece that would attach the bone to a prosthetic leg. When Hannah finished her work, she did not 

assist the other two group members in designing, but created a new project in TinkerCAD.  

 Interestingly enough, Bailey was not present for the next class meeting on January 29, 

2015. She, and a few other students in class, self-selected to participate in another design 

challenge for the CDE class—design a shoe that grows with you—as captured below.  

Field notes: January 29, 2015 

Group 1 is missing Bailey who is working with other students…to complete a [National Science 
Teacher’s Association (NSTA)] challenge (http://www.exploravision.org). Bailey and three other students 
are designing a shoe that grows with the individual wearing it.  The challenge does not require building 
anything, but simply imagining a design that might work. [A small group of students] elected to do this, 
and have been excused from working on the bone project today to complete the shoe design.  
 

Without Bailey present, Derek and Hannah continued to work on the bone. However, Hannah 

took a more active role in the group, as shown below. 

Field notes: January 29, 2015 

They continue to work on the bone, despite Bailey’s absence….The group has 2 versions already printed.  
Their first attempt did not align properly. The second attempt had better alignment, but due to some 
printing error, the long cylinders slid into place, but then snapped. Ms. W suggests that the group consider 
using spaghetti pieces to connect the two sides. Ms. T happened to have spaghetti on hand, stored in her 
back room. She gives the raw spaghetti, bamboo skewers, and straws to the group to work with. 
 
[Later in class, Ms. W checks in with the group again]. Hannah has successfully connected the two pieces 
through the use of spaghetti. Ms. W suggests putting a book on top of the print to see if it can support 
weight. The group settles on a nearby pencil box instead, but the pencil box causes the design to tilt.  
Hannah refers to this as the Leaning Tower of Piza. Ms. W asks the group how they could make the 
design support more weight. They decide to make the spaghetti shorter in length, and the overall design 
less tall. This is a unique design compared to other groups.	  	  
 

Instead of relying on Bailey to make decisions for the group, Hannah and Derek worked with 

Ms. W to negotiate another way to connect their two separate pieces. Ms. W provided the idea 

inspiration—they can use spaghetti. After this, Hannah took a lead role in connecting the two 
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printed pieces using spaghetti, and worked on this diligently until class was over. It seemed that 

one student in this group (Bailey) was usually in charge of making decisions and negotiating 

who did what, however, when that student was not present, the negotiations of labor shifted; a 

new student (Hannah) took initiative in completing the project more so than Derek, who worked 

mostly independently on his iPad during that class period.  

In line with CHAT, subjects within an activity system will negotiate labor differently, 

and depending upon the context. These negotiations are not always consistent. Depending upon 

who is present and available for labor greatly impacts how work is divided and accomplished. 

Usually, Bailey was the leader in this group, however, this shifted to Hannah when Bailey was 

not present to fill that role.  

Alejandro’s group—“Einsteins plus me”. Alejandro’s group consisted of four male 

students—Alejandro, Evan, Jacob, and Cody. This group of 8th grade boys seemed different in 

how they worked compared to other groups. From observations, it was apparent that Alejandro 

took a lead role when interacting with our people in the room. However, his focus did not always 

seem to attend to the assigned project, as shown below.  

Field Notes: January 8, 2015 
 

[Class starts at 10:05]. At 10:13, Alejandro is moved closer to Ms. T for talking too much. 
… 
At 10:45, Alejandro’s group has not done much on TinkerCAD besides insert already created 
shapes. They are laughing a lot and seem slightly unfocused on the task. 

Field Notes: January 15, 2015 
 
At 10:25, Alejandro’s group is measuring a printed [bone] with the measuring caliber. The group 
seems very interested in the caliber.  
… 
At 10:30, Ms. T approaches the group to check-in and provide some assistance.  
… 
By 10:35, Ms. T has moved onto another group and Alejandro’s group is again playing with the 
caliber. At 10:40, this group is treating the caliber like a needle, pretending to give each other 
injections. 
… 
I check-in with this group at 10:45, Alejandro has finished the groups’ connecting piece using pre-
populated shapes on TinkerCAD- specifically, a half sphere and a pyramid to ensure the 
connectors top has sloping sides, as part of the design criteria. 
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As shown in the field notes above, Alejandro’s group struggled to remain focused on the project 

during class; I saw them playing with the equipment on several occasions, and they sometimes 

struggled in getting started on the task after class began. However, Alejandro seemed to serve 

two primary roles—the lead distractor and group ambassador. Alejandro frequently distracted his 

own group and found reasons to distract others, but he also was the main point of communication 

between his group and other groups. He ventured away from his table to borrow equipment, 

investigate his classmates’ work, and request assistance from adults. For example, Alejandro 

always requested computer mice for his group from Ms. T, as she had a few mice available for 

students who preferred that option to the touchpad on the school laptops. In contrast to 

Alejandro’s interactive demeanor, his other group members were often seated at their table in 

isolation. Even with his distraction, Alejandro successfully designed the connecting piece for his 

group. Interestingly enough, Alejandro’s comments during the focus group seemed at odds with 

what was observed in the classroom. Note that one member of Alejandro’s group (Jacob) was 

absent on the day of focus groups. 

Interviewer: So thinking about Ms. T’s [CDE] class, and her science class.  How are the  

classes different?  

Alejandro: Umm science we just- 

Field Notes: January 29, 2015 
 
While I am watching Ms. W work with Bailey’s group, Alejandro is continuously looking for the 
prosthetic bone [example]. He keeps asking to borrow it from Travis’ group despite them using 
and needing the example currently. 
 
At 10:27 AM, Ms. T is working with Travis’ group and reminds those students that the bone is 
still drying and they should be careful with it. Alejandro approaches Travis’ group again to ask for 
the prosthetic bone. 
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Cody: Well, right now in science, we’re learning about chemistry. 

Alejandro: So, we do a lot of worksheets. 

Cody: So, it’s kind of different than working on a project for a couple of months. 

Interviewer: Do you have a preference between the two styles?  

Cody: I think the projects probably. 

Evan: It’s funner. 

Alejandro: I like working in big groups.  Einsteins+1. 

Interviewer: Einsteins+1?  Is that your group name? 

Alejandro: Yeah. One, two Einsteins (points to Cody and Evan)…plus me. 

Interviewer: You don’t consider yourself an Einstein?  Why not? 

Alejandro: Uhhh…. 

Cody: I like the mix of projects plus science. Cause if you work on the projects the entire  

time it kind of gets boring after a while, like if you work on it for a long…time. 

In the transcript above, Alejandro identifies his other group member as “Einsteins” and positions 

himself outside of that category—“plus me.” When I attempted to follow-up about this 

statement, Alejandro hesitated, and Cody quickly began talking, as if in an effort to change 

topics. Alejandro’s fascination with geniuses resurfaced later in the focus group when asked 

about working in groups with friends. 

Cody: We share our ideas better than if you’re working with some random person. 

Alejandro: And, you’re not afraid to suggest your ideas. When you’re with other kids that  

know what they’re doing, like geniuses like Kevin, I don’t suggest ideas. 

Again, Alejandro is positioning himself outside the category of genius, despite his actions in the 

classroom indicating otherwise; he seemed as if he was the most active group member during 
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class, but remained hesitant to position himself as such. There was inherent tension between 

Alejandro’s actions and his words, which impacted how he negotiated labor in the classroom.  

 

Finding 3: Tensions within the CDE Activity System 

 One benefit to using CHAT as a theoretical tool is its ability to highlight tensions 

between interacting nodes of the activity triangle (shown in Figure 20). These tensions provide 

insights into sources of change and progress. Where there is a tension, there is an opportunity for 

improvement within the activity system. At the very least, tensions are worth further 

investigation in order to gain a more complete and nuanced understanding of the activity system. 

In this section, two illustrative vignettes are discussed to highlight areas of tension within this 

CDE classroom. 

 

Figure 20. CDE classroom represented graphically, using CHAT.  

Vignette 1—Tension between physical tool and division of labor. As was already 

discussed, 3D printers can take a long amount of time to print objects. Because of this, teachers 
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using this technology in the classroom must create some sort of system to manage printing. In 

this CDE class, prints were limited to the assigned project. As one student shared, “Ms. T won’t 

free-for-all print.” Before beginning the bone project, the teacher did allow students to print one 

object of their choosing; as she shared, “Their first build would be something for themselves and 

they kinda got that out of their system.” However, some students still expressed mild frustration 

over not being able to choose the item of their printing after this point in time. Additionally, 

another student expressed concern during the focus group over not fully understanding how the 

printer functioned: 

Arianna: We don’t actually know how the 3D printing process works because Ms. T does 

it on her computer. We just email her the design, so there’s not much we can do, except 

make sure it’s big enough, or ask Ms. T if it’s big enough because it might print out 

really, really small.  But, she mainly controls all the things. 

In this event, the teacher was attempting to simplify the printing process by only requiring 

students to follow the instructions shown in Figure 21 to send digital designs to her email 

address. However, the way in which labor was divided (in this instance, who was in control of 

the 3D printer) was at the expense of a student recognizing she did not understand how the tool 

functioned. Within a classroom setting, teachers are most often in control of the classroom space 

and contents; for example, middle school students rotate classrooms for each subject, moving to 

the teacher’s individual room as opposed to the teacher moving to the students. The same applies 

to materials and tools within the classroom. The stakes seem higher the more expensive 

equipment becomes, as was the case with the 3D printer. The teacher controlled the tool, as is the 

norm in a typical classroom, but at the expense of students learning how the tool functioned. 
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Figure 21. Instructions for students to send digital designs to teacher’s email address. 

 Vignette 2—Tension between rules and division of labor. An interesting behavioral 

situation was discussed in one focus group that highlighted the tension between typical school 

rules and the division of labor in the context of the CDE classroom. This group shared a story 

about a male student accidentally, but immediately, breaking a bone prototype after it finished 

printed. 

Tyler: I thought we broke it... 

Travis: Oh yeah, it was fresh out of the 3D printer. He was like, "Oh look at this bone!"  

and then he snapped it in half [laughter]. 

Tyler: That was an accident. I wasn't paying attention.  I don't know. 

Interviewer: Did it break and splinter like it was supposed to?  

Tyler: Yeah, one half. Well that's how we knew it would work. Yeah, but I got in trouble  

for it. We didn't want to use 3D material, but that's how we figured out that it 

worked. 

Travis: Then he spent the rest of the…period trying to glue it back together.   
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In the situation described above, this accident proved fruitful for the design process; the students 

knew that their design would splinter in a realistic manner from accidentally breaking their bone. 

However, within the typical classroom, students are rarely celebrated for breaking things. In fact, 

Tyler shared that he “got in trouble” for this incident. From this, it became clear who had more 

authority within the classroom; the teacher had power over the student and could “get him in 

trouble.” Even if the “trouble” was relatively minor, Tyler still perceived it as trouble. If this 

incident occurred in an individual’s personal workshop, there would be no trouble to get into. 

But, because this occurred in a classroom, with rules for behavior and participation, Tyler did not 

receive positive recognition for his actions. Facilitating 3D printing within the constraints of a 

classroom presents unique considerations and situations that do not always occur in the 

traditional classroom. In this instance, there was clear tension between the rules of the activity 

system and the division of labor, namely who had more authority. 
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Discussion 

This work provides an example of “making” situated in the complexity of an existing 

social structure—a classroom within a school. As the Maker Movement is more frequently 

integrated into schools, more research is needed on how to do this effectively, while still 

supporting critical tenants of the movement, such as creativity, playfulness, collaboration, and 

viewing failure as a positive (Dougherty, 2013); this research sought to close that gap through a 

rich, descriptive case study of a teacher engaging students in design thinking through the use of 

3D printing within a required class during the school day. CHAT was used as an analytical tool 

to explore the existing complexities within that classroom, teasing out important themes and 

tensions. 

 The use of the 3D printer as a physical tool was investigated using reports from student 

focus groups and the teacher interview. It was found that the 3D printer provided unique 

affordances for students; namely, the novelty of the tool created a sense of uniqueness around the 

project, allowing students to take ownership of realistic and personal products, while 

simultaneously gaining practice and preparation for the future. Constraints of the 3D printer were 

also identified; students felt limited in their design process because of the smaller size of printed 

objects, the long length of time required to print, the disorienting nature of the 2D design 

software, and the less than perfect aesthetics of problematic prints. These constraints seemed 

explained by many students’ unrealistic expectations in regards to the physical capabilities of the 

3D printer, which did not match their experiences in the classroom. As one student shared, “I 

remember when I was younger, people would be like…they have 3D printers in offices. And, I 

thought…you print out something on paper and it comes out like real life. I thought it like came 

to life or something.” Similarly, another student shared that she “literally thought they didn’t 
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exist…I didn’t know what it was.” These expectations (or lack thereof) impacted how students 

viewed the 3D printer and the overall project, resulting in the identified constraints. 

 The use of the 3D printer as a physical tool was supplemented with the use of a 

conceptual tool—engineering design thinking. Primarily using ethnographic observations and 

student reports, I investigated each stage of design thinking (empathize, define, ideate, prototype, 

and test) that students used to complete the digital fabrication project. Each student group was 

compared, with similarities and differences in their process identified. It was found that students 

had a relatively strong grasp on each stage of design thinking, and this conceptual tool was 

deeply embedded in the students’ actions, as was evident from classroom observations. 

 In addition to tools, I also investigated how labor (expertise, authority, and physical 

tasks) was divided within the classroom, and how that impacted the students’ completion of the 

project. In the spirit of the Maker Movement, traditional boundaries of expertise are blurred. 

There is a greater sense of learning with and from one another, rather than relying on one person 

to communicate all that is necessary, as is usually the case in traditional classrooms. In this CDE 

classroom, the teacher was learning alongside her students, which elicited different reactions 

from students: some expressed a desire for Ms. T to know more than she did, while others 

appreciated her novice view. This tension also resulted in the addition of another source of 

expertise—Ms. W. As is usually the case in activity systems, the system will expand when a 

roadblock (such as lack of expertise) is identified in order to accomplish the object of the activity 

system; in this case, the completion of a digital fabrication project. 

 Besides the amount of expertise that is necessary, using a 3D printer in a classroom 

presents unique challenges in relation to the physical division of labor between teacher and 

student. Interesting challenges arise in a classroom with multiple students needing to print. Who 



MAKING MEANING OF MAKING 79 

manages printing? How many prints are students permitted? What are students expected to do 

with their prints? How much do you teach the students about the printer itself versus focusing on 

the design process? Ultimately, subjects within an activity system will create some way to 

manage this type of complexity. However, when complexity exists within the constraints of a 

classroom setting, compromises are often made. In this CDE classroom, the teacher controlled 

the 3D printer; this resulted in students compromising their understanding of the physical 

operation of the machine for the simplicity and ease of having the teacher manage the printing 

process. Again, this elicited different responses from students within the classroom. 

 I also investigated how two groups of students negotiated and divided labor within their 

project groups. In both groups, one student seemed to take a leadership role. However, the type 

of leadership was different in each group. Furthermore, in one group, when the leader was not 

present, another member stepped in to fill that role. The object of the activity system was still 

being accomplished, but the division of labor shifted based on the context and who was available 

to work. 

 Finally, I provided illustrative vignettes of two tensions that arose within the activity 

system. In the first vignette, there was tension between the physical tool and division of labor, as 

discussed above with Ms. T maintaining control of the 3D printer at the expense of students 

understanding its functionality. Another tension arose between the rules of school and the 

division of labor. In this instance, a student “got in trouble” for breaking (but also successfully 

testing) his design because the teacher had more authority and power, as is typical in the context 

of a classroom. Again, because this project occurred within a classroom that carries the weight of 

a long history of school norms and expectations for students, tension emerged. This tension 

provides insights into what might occur when other schools try to engage their students in 
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making with technology. In order for the implementation of making to hold true to the spirit of 

the Maker Movement, serious reconsiderations are needed as to how students are expected to 

behave and participate in these spaces. Typical school rules may not prove fruitful; in fact, it 

seems as if they are sometimes antagonistic towards the constructive aims of the Maker 

Movement.   

Implications 

 This research documented a constructionist project within the confines of a required class 

within a school. Often, constructionist teaching is in contrast to what occurs in typical 

classrooms and is reserved for informal learning spaces, such as museums and libraries. 

Traditionally in schools, the teacher is viewed as the primary knowledge holder and source of 

authority within the classroom. Additionally, as documented in the literature review, the learning 

that occurs in constructionist spaces is often called into question; very rarely are students 

formally assessed. For example, in this classroom, there were no formal assessments given to 

students during the project—the final design was enough evidence of their learning. However, 

the creation of an artifact is sometimes viewed as less indicative of learning and valid than a 

written test on paper. If “making” and constructionist learning are implemented into increased 

numbers of schools, a shift in how educators think about and measure learning is necessary—not 

everything that matters is measurable by a standardized test. While some scholars are working to 

identify indicators of learning (e.g., Petrich, Wilkinson, & Bevan, 2013; Wardrip & Brahms, 

2015), much of that research is occurring outside of schools and without input from educators. 

To ensure that “making” can withstand the critics who call for formal assessment within schools, 

more documentation of the type of learning that occurs in these spaces is necessary, and within 

the context of a classroom setting. 
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 This case study demonstrates that both students and teachers find value in making within 

school. Despite a lack of formal assessment, this learning experience proved fruitful. Students 

gained an in-depth understanding of the engineering design process while solving a relevant and 

authentic problem, drawing from science and mathematics to inform their designs. Additionally, 

students gained practice empathizing, collaborating, and persisting through failure over the 

course of the project. While these skills are difficult to assess on a standardized test, there was 

sufficient evidence of learning within the classroom itself, as students worked to complete the 

project. Because traditional assessment practices often do not align with constructionist 

classrooms, educators and researchers need to develop new assessment measures that consider 

the students’ process and product more heavily. 

Limitations and Areas of Future Study 

One limitation of this study was its focus on one, singular classroom. Classrooms are 

situated in larger networks of activity systems that went unaccounted for in this study. In 

particular, other networks of activity systems for investigation include other classrooms, schools, 

school districts, and public institutions, such as libraries or museums. In this case, these activity 

systems are also connected to a social movement—the Maker Movement. Engeström (1987) 

spoke to the challenge of analyzing activities within larger social movements: “Although many 

social movements have led to durable cultural innovations and new types of organization, social 

movements are often relatively short-lived,” (p. xxxvii). However, Engeström (1987) explained a 

common misconception that, once remedied, can help scholars overcome the quickly evolving 

nature of social movements—“The ephemeral character of social movements may, however, be 

partly a misconception that results from viewing social movements in isolation from the 

networks and organizational fields in which they are embedded” (p. xxxvii). A next step in this 
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research is to situate an individual classroom within the larger, social network that embodies the 

Maker Movement within a bounded community in Central California. Situating this 

microanalysis within a larger community network will allow for a more expansive and macro 

view of the evolving social movement known as the Maker Movement. 

Concluding Thoughts 

Despite some scholars reporting that authentic, making activities cannot be implemented 

into the “existing, organizational structure and culture of most schools” (Washor & Mojkowski, 

2013, p. 212), I disagree. In line with Martinez and Stager (2013), “for those of us who want to 

change education, the hard work is in our own minds, bringing ourselves to enter intellectual 

domains we never thought existed. The deepest problem for us is not technology, nor teaching, 

nor school bureaucracies—it’s the limit of our own thinking” (Martinez & Stager, 2013, p. 57). 

As Blikstein, a disciple of Seymour Papert, shared at the 2013 Interaction Design and Children 

(IDC) conference:  

Education needs a collection of models demonstrating the impact of implementing 

Seymour's ideas in school. Maybe then they will not anymore be painfully hard to 

implement, but a lot easier. And it is our job to build those models. So go forth and 

construct. (Blikstein, 2013) 

In line with Blikstein, we must construct the reality of making in schools for ourselves. Nobody 

else can do the heavy lifting. It is through rich, descriptive accounts of making that we can 

document best practices and ensure that the Maker Movement is executed with fidelity in the 

traditional school system. 
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Appendix A 

Ethnographic Field Notes Example 

Classroom Visit: Thursday, 12/11/14 – Creative Engineering & Design 

Timing:  9:00-9:40am- 8th Grade 9:40-10:05- Break 10:05-10:55- 7th Grade 

Actors: Ms. T (J) Ms. W (R) Students (S) Makerbot (MB) 

 I arrived to Ms. T’s classroom around 9:00am during her 8th grade section.  Students were 

already working on TinkerCAD.  The first half of class was spent on an assessment.  When I 

arrived, some students were working as a group, while others were working independently.     

 

 

 

 

 

 

 

 

 

 

I was immediately drawn to the 3 boys working together to complete the bone project.  

Last week, these boys designed a prototype.  They were testing this prototype by attempting to 

break the bone and make it splinter.  The boys hit their bone on a table, causing it to break with a 

clean split.  This was not what the boys wanted.  I overheard Ms. T (J) have a conversation with 

the boys. 

 J: How would you change your design? 

 S: Make it more hollow? 

 J: Okay. Why do you think it broke there?  Did you apply more force there, 

maybe? 

Teacher Desk 
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3 boys working on 

bone project 

2

Maker Bot 

1 boy 
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One girl 
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Ornament 

Two 
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One boy 
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The boys go back to the side table to continue working.  At this point, Ms. T announces it is 

time for a 5-minute break.  I have a conversation with Ms. T and Ms. W while the students are 

outside.  Ms. W is convinced that the only way to complete the bone project is to print the bone 

in 3 separate pieces, rather than just one.  She’s thought of adding celunaughts (?), rafters, 

hinges, but doesn’t think they will work.  Ms. T agrees with Ms. W, and likes that the 3 distinct 

pieces force the students to collaborate and discuss; Ms. T believes that collaboration is a skill 

that the students will need much more in life than being able to print a 3D bone.  We discuss how 

the students’ prototype prints are taking almost 2 hours to complete, which does not allow the 

students to see their product while still in class.  Ms. T has also been attempting to move the 

MakerBot off of the cart it usually stays on.  Apparently, setting the printer on a desk can help 

circumvent some of the printing errors that the students have been experiencing.  At this point, 

the students start to come back from break due to drizzle.  One female student asks: “Can we 

make more ornaments?” 

 As the students get back to working on TinkerCAD.  I observe one boy attempting to 

design a present shaped ornament.  He is trying to hollow out the middle of the ornament, and 

exclaims “Yes!” when he successfully matches the measurements of his present, with the hollow 

inside.  I ask about his work in TinkerCAD.  He says that measurements are the hardest part of 

working with TinkerCAD because you have to be exact.   

 I find myself intrigued by the 3 boys working on the bone project, so I go back over to 

them.  Below is an overview of the conversation I heard, captured as close to verbatim as 

possible, considering I was writing everything by hand.  The boys are attempting to create a 

diagonal cross section in the bone so that it will splinter when broken.           

 S1: I’m so bad at this. 

 S2: It’s kinda hard, dude.  TinkerCAD is stupid. 

 S3: I thought we were cutting it in half this way [demonstrates cutting bone in 

half with hand]. 

 S1: You can do the rest. 

 S2: It’s cutting the whole thing in half right now, this way. [shows with hand] 

 S3: This way? 

 S2: We could spilt it into 2 pieces with a hollow square and them glue them 

together. 
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 [Teacher comes over to discuss the boys’ work] 

 T: Do you guys know how (the MakerBot) works? 

 Boys: Yes. 

Ms. T goes on to show the boys that their design will not print because they placed a hole 

through their bone, and the printer will not allow that.  She shows the boys 2 pencils with tips 

facing up, one on top of another, leaving a slight space in between the pencils to model how their 

current design will print.  She tells the boys that the printer can’t build on air.  One boy asks if 

they can print the bone as one piece, and then cut it.  Ms. T asks the boys what they would cut it 

with, and to try it.  The boys immediately look to the displayed wall of tools for ideas.  One boy 

attempts to cut their prototype with a wire cutter at the teacher’s desk (as this is where the green 

mat to use sharp tools is located), yet he is unsuccessful.  The boys go back to the table to 

continue working. .  Ms. T shows them how to copy a shape on TinkerCAD.  Ms. T reminds 

them: “Think how it’s going to print.  And, remember, we want it to print fast.”  Separate pieces 

will print faster.      

S1: Maybe we can build a super thin part so (the printer) can build off of that?  Then, we 

can  

just break it.   

S2: Wait guys, it needs something the same diameter for it to build off it. 

The boys reach the conclusion that they need to print 2 separate pieces. 

Ms. T reminds a group of girls working on ornaments that their design will be 

monochromatic, or it will print in only one color.   

I have a brief conversation with one boy.  Last week, this same boy experienced some 

problems with his ornament printing, namely the text was not legible.  This week, the same boy 

is watching his newly designed ornament print.  He is sitting at the closest seat to the Makerbot.  

I ask him what he did differently this time.  He made the text more compact.  I ask him how long 

it will take to print; he says “Ms. T. said about 20-25 minutes.”  His ornament prints 

successfully, with text legible.  But, his class was dismissed before the print finished. 

I overhear a conversation with Ms. T and one boy who is working alone on the bone 

project, despite Ms. T giving the instructions to work in a group of 3.  At the beginning of class, I 

saw this same boy attempt to work with the other group of 3 boys, but he was not welcomed into 

the group.  Ms. T does not seem to be bothered that he is working alone.  The class is very 
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flexible with seating arrangements and groupings, from what I have seen.  The conversation is 

captured below. 

[Discussing problems with the boy’s print from last week] 

J: Did you look online for help? 

S: Yes.  I looked on TinkerCAD. 

J: Does TinkerCAD have our best interest in mind?  They want their software to appear 

free of  

problems.  So, you may want to consider looking at a few other sources for help since 

you spent so  

much time on it last week. 

At 9:40, Ms. T announces that it is time to save work.  It is time for recess.  The students may 

come back during academic help time to continue working.  The group of 3 boys announces that 

they are done and ready to print.  Ms. T encourages them to make sure they have it right this time 

because their print will take 2 hours.   

 After the students left the room, I have a conversation with Ms. T and Ms. W.  We 

discuss running marathons, digital textbooks created through CK-12, differentiation of 

mathematic concepts for students, etc. 

 Ms. T’s 7th grade class starts to arrive around 10:05.  A group of 3 girls and 1 boy 

immediately are drawn to the Tupperware container designated for completed prints.  More boys 

enter the room and join this group.  They appear to be looking for their own prints.  A few 

students find their prints, and take them to their seats. 

 Ms. T starts class with a few reminders.  The students will have a quiz after their break, 

but are advised to not worry about it until then.  For the first part of class, students can choose to 

work on an ornament, or the bone project.  If working on the bone, she recommends dividing it 

into segments, printing with scaffolding to help, and using the exacto knife and tools on the wall 

to remove any extra material that prints attached to their item.  She also encourages the students 

to venture away from pre-designed shapes on TinkerCAD, such as snowflakes.  There appear to 

be a lot of snowflakes that were printed.  Last time I spoke to Ms. T, the 7th grade class was 

going to design games for a local Children’s hospital.  I’m surprised to see them working on the 

bone project.  Ms. T releases the students to work by 10:10.   
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I notice that the noise level is significantly higher than in the 8th grade class.  The 7th 

grade class does have more students, but they also talk more and work in groups more.   Ms. T 

draws a bone diagram on the board to help the students.  See end of write-up for diagram.  

Overall, the 7th graders seem more eager to ask for help from one another and the teachers.   

A group of 3 boys plays around with a computer mouse, which doesn’t seem to be 

working.  Ms. T reminds them not to let the equipment be a hindrance, especially because they 

can work on their laptops without the mouse.  By 10:25, I notice that a few students are still 

attempting to login to TinkerCAD, and have not started designing.   

I overhear Ms. W having a conversation with one girl.  This is the same girl who was 

working on her car during break at my last visit.  She is working on the tip of the bone, which 

will need to connect to the larger section.  Ms. W is helping the girl think through how to connect 

the 2 pieces.  They settle on using small, protruding cylinders, which will slide into holes on the 

other piece.  Ms. W advises that the measurements will need to be exact in order for the pieces to 

fit together.  This girl then asks if the design should be printed on its side.  Ms. W suggests 

making the shape a square, instead of round because it might be easier to print.  The girl has 

already designed a round section; she laughs at Ms. W’s comment, and says: “But, all my hard 

work!”   

At this point, Ms. T joins the conversation.  The girl attempts to explain her idea to Ms. 

T, who hands a whiteboard marker to her.  The girl then positions herself in front of the 

whiteboard, drawing and explaining her ideas to Ms. T and Ms. W.  She’s confident in her ideas, 

and has taken the role of teacher in this interaction.  See pictures below. 

Other random comments from students as I was observing: 

 “Does that look like a hand?” 

“If it comes out like that, I’m going to be so happy!” [referring to snowman ornament] 

“I made an ornament and a bone.  Now, can I print my own thing?” 

“This is meters.  How do I change it to inches?” 

Another student was browsing the completed designs on TinkerCAD. 
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Figure 1.  Ms. T’s whiteboard hints for the bone project. 

 

 
Figure 2.  Ms. W helping a student figure out how to connect two separate pieces of the bone. 
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Figure 3. Student acting as teacher for Ms. T and Ms. W.  Note the whiteboard marker in her 

hand. 
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Appendix B 

Student Focus Group Protocol 

Approximate time:  60-75 minutes 

Materials:   Audio-recorder Video camera  Markers  

Tripod   Table mic  Venn Diagram 

Introduction:  Hello!  My name is Ali Hansen and I want to thank each of you for taking 

the time to talk with me today.  I am a graduate student at UCSB, and I am interested in hearing 

more about your experiences working in your Creative Design & Engineering Class, and 

specifically with the 3D printer.  I’ll ask you a series of questions today.  There are no right or 

wrong answers to any of the questions and you will probably have different ideas.  You can 

disagree with each other but please make sure you are respectful while doing so.  And, try not to 

interrupt each other so everyone has a chance to share.  Any questions before we get started? 

Introduction Questions (20 minutes): 

1. Can you describe an average day in Ms. T.’s Creative Design & Engineering Class? 

a. Probes: What do you do?  What types of activities do you work on?  Do you 

usually work alone or in a group?  

2. How is this class similar to Ms. T.’s Science Class? 

a. How is this class different than Ms. T.’s Science Class? 

3. TASK: By thinking about the similarities and difference between the Creative Design 

and Engineering class and Science class, can you spend about 5 minutes working with 

your group to create a venn diagram comparing “science” and “engineering”?     

a. Please briefly discuss your venn diagram.   
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Design Process Questions (25 minutes): 

4. What was the first item that you made using the 3D printer?   

a. Why did decide to make that item?  

5.  [Show students the bone] I want you to think back to this 3D printing project.  Tell me 

about what you were trying to accomplish in this project.  What were the overall goals?   

6. Tell me about your groups’ design process.  How did you go about designing the bone?   

a. Probes: What was difficult about the design?  What was successful about the 

design?     

7. Tell me about testing the bone with Mr. P.  What did you learn from testing your design? 

a. How did this impact your next design?  

8. Think about a time when you got stuck working on this project.  Describe what happened 

and what you did to solve your problem.  

a. Problem Probes: design failed, measured incorrectly, ran out of ideas, etc. 

b. Solution Probes: changed design, redid calculations, asked someone for help, 

tried the same thing again, etc. 
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Science and Math Content (15 minutes):  

9. I was surprised at how much math the class used when designing the bone. Can you 

describe a specific instance when your group had to use math for this project?  Why was 

this idea important in designing your bone? 

a. Example Probes: measurement, geometric shapes 

10. Similar to math, I saw many science ideas and topics come up while you were designing.  

Can you describe a specific instance when your group had to use science for this project?  

Why was this idea important in designing your bone? 

a. Example Probes: density, forces, motion, pressure   

i. Target individual groups, when appropriate. 

Final Questions (10 minutes): 

11. All things considered, if you were to give advice to a student that has NEVER used a 3D 

printer before, what would you share? 

12. All things considered, if you were to give advice to a teacher that has NEVER used a 3D 

printer before in her class, what would you share? 

13. Is there anything else you’d like to share with me about your experiences working with 

the 3D printer? 
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Appendix C 

Teacher Interview Protocol 

Approximate time:  60 minutes 

Materials:   Audio-recorder Video camera    

Tripod   Table mic   

Introduction:  Hello! I want to thank you for taking the time to talk with me today, and 

thank you for opening up your classroom to me over the past few months.  I’ve learned so much 

about 3D printing, and how to incorporate this technology into the classroom in a way that is 

beneficial for student learning.  Today, I’ll be asking you a series of questions to wrap up our 

experience together.  There are no right or wrong answers.  Everything you share will be kept 

confidential, and will not be connected to your name or school in any future writing.  Any 

questions before we get started? 

Introduction Questions (5-10 minutes): 

1. Can	  you	  describe	  an	  average	  day	  in	  your	  Creative	  Design	  &	  Engineering	  Class?	  

a. Probes: What do you do?  What types of activities do you work on?  Do students 

usually work alone or in a group?  

2. How is this class similar to your science class? 

a. How is this class different than your science class? 

3. Tell me about the history of the development of the Creative Design & Engineering 

Class.  

a. Tell me about why you decided to use 3D printing in this class.  

Instructional Planning (15 minutes): 

4. How and why did you decide on the 3D bone project?   

5. What were you hoping your students would learn by completing this project? 

6. What prior knowledge or experiences helped you manage this project in your classroom?  

a. Probes: Attending conferences, talking to other teachers, administrative support 
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7. How do you think this project helped students meet content standards (NGSS, CCSS, or 

other), if at all?  

a. Probes: NGSS, CCSS? 

8. What accommodations or modifications did you make for students with special needs? 

a. If you didn’t make any accommodations or modifications, what would you 

recommend to another teacher doing a similar project? 

9. What accommodations or modifications did you make for students that are learning 

English? 

a. If you didn’t make any accommodations or modifications, what would you 

recommend to another teacher doing a similar project? 

Classroom Instruction (20-25 minutes): 

10. How did you set your students up for success in the classroom?   

a. Probes: How did you review the project goals, keep them motivated/engaged, 

manage behavior, etc. 

11. How did you design the physical layout of your classroom for this project? 

a. Probes: How did you ensure students had enough space to work, access to the 

right materials, etc. 

12. How did you help your students through the design process? 

a. Probes: Stanford D School, reviewing project constraints, encouraging 

prototyping, written check-ins, etc. 

13. Generally speaking, what did your students readily succeed with in this project? 

a. Probes: What was easy for students? 

14. Generally speaking, what do you think the most challenging part of this project for your 

students? 

a. Probes: What did students struggle with?  How did you help them work around 

these problems? 

15. In your opinion, what do you think your students learned by participating in this project? 

a. Specifically, what science content did students learn? 

b. Specifically, what math content did students learn? 

16. Now that you’ve finished the project, what would have been helpful to know before you 

started? 
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17. Now that you’ve finished the project, would you consider doing a similar project again 

next year?  Why or why not? 

a. If so, would you change anything for next year?  Why? 

Final Questions (5-10 minutes): 

18. All things considered, if you were to give advice to a teacher that has NEVER used a 3D 

printer before in her class, what would you share? 

a. About technical issues of attaining and maintaining a printer.  

b. About designing student learning opportunities.  

19. Is there anything else you’d like to share with me about your experiences working with 

the 3D printer in the classroom? 

 

 

  



MAKING MEANING OF MAKING 107 

Appendix D 

Sample Transcription of Student Focus Group 

NOTES: 
(continues)  Use parentheses around a work if guessing what word is 
(???)   Use empty parentheses if you cannot hear word or series of words 
[overlap] Use a hyphen to indicate when one speaker interjects into the speech of 

another, include the speech of the other with (overlapping) at the 
beginning of the line, and then return to where the original speaker was 
interrupted if he or she continues. 

[a loud noise] Brackets contain transcriber’s description rather than interviewer and/or 
interviewee’s words 

** Not all interjections by interviewer are transcribed.  Only those that interrupted the speaker. 
Other agreements such as “Yeah” of “UmHm” were not transcribed. 
 
ACTORS : 
Ali H. (AH) Moderator 
Mariah (M)  Participant 
Tyler (Ty)  Participant 
Travis (Tr)  Participant 
 

 
 [00:00:42.06] AH: My name is Ali, and I'm from UCSB.  I am working on my master's project.  
That's why I've been observing Ms. T's Creative Design class.  I really like 3D printing, and I 
think it actually is a really, cool tool to help you learn science and math content.  So, that's what 
we're going to be talking about today.  I think I know all of your names, but let's see.  It's Tyler, 
Mariah, and Travis. So, basically, I'm going to ask you questions about Ms. T's Creative Design 
class, comparing that to your science class.  Talking about science, engineering, the bone project, 
and 3D printing more broadly.  Things that you like, things that you don't like.  This is not class.  
You don't have to raise your hand to participate.  You don't have to go in order.  Just have a 
conversation, that's really what this is.  Does that sounds okay? 

Students: Yeah. 
TR: That sounds okay.   

[00:01:29.11] AH: Let's start with a warm-up question.  Can you describe an average day in Ms. 
T's Creative Design class? What are the types of things that you do? 

M: For 3D printing? 
[00:01:39.20] AH:  Or, it could be anything, because you don't always use a 3D printer, right? 

M: No.  Well, I guess, it's just kind of a regular class besides creative design.  We just kind 
of...sometimes we do different things, like with the robot now, and the 3D printing before.  You 
go in class, you get a computer, and you figure it out. We kind of teach ourselves. 

Ty: Yeah, it's like different activities from the regular class.  Usually, in the regular class, we 
do worksheets, and learn about science and things.  Mostly, what everybody learns about.  But, 
in this class, we do different things, like the robot.  Pretty much what Mariah said. 

M: Like, today we have a block day, so we do robots.  Usually in science, we just do....the 
stuff that we're learning right now, is just worksheets and packets.  On Thursdays, we do (???) 
and creative design. 
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Tr: Yeah, like on all the other days we do packets.  Basically what they all said.  Thursdays 
we get to do projects.  Like, entire class projects. 
[00:02:43.11] AH: Do you usually work in groups, or alone?  Is it loud?  Is it quiet? 

Tr: Projects we usually work in groups.  Like, if it's a worksheet, we work alone on it 
sometimes.  We're also allowed to work in groups sometimes, if we have questions. 

M: Everyone once in a while, we're alone.  But, we usually don't work alone. 
[00:03:01.15] AH: You've touched on this, but thinking about Ms. T's science class, and Ms. T's 
design class, what's similar about them? 

M: Well....I mean.  I don't really think so.   
Ty: No, the material is very different.  Robotics compared to normal science stuff like cells, 

and all that.  Physics.  The projects we do are different.  Pretty much everything is different on 
block days. 

M: On regular days, like Wednesday, we usually do some kind of lab about zinc, or rocks.  
Some chemical element stuff, that's what we're doing right now.  But, on block days, we have 
nothing to do with that.  We just build our robots.   
[00:03:57.22] AH:  Great.  Do you have a preference between the two types of classes?  I've 
heard that science is more packets, more chemicals.  Engineering is more project-based, you 
work in groups.  Do you have a preference? 

Ty: I think it's more fun on Thursday, because it's less worrying about grades, and learning 
stuff.  It's more thinking about engineering and building things, working with your hands.  I think 
it's more fun. 

M: Yeah, I agree.  I like programming stuff.  If you figure it out by yourself, you'll like....But, 
with the packets we do and stuff, it's just work and grades, like school work.  But, the robots is 
just creative.  You have to program, and figure it out by yourself. 
[00:04:39.29] AH: So, you all agree.  You like the design class more than the science class? 

Ty: Yeah, and I think Erik would agree with us on that too. 
[00:04:47.01] AH: Great, so we're going to move on to a little activity.  It doesn't have to be 
fancy.  I want you to think about science, as a discipline.  So, if you were going to study sience 
in college, or you were going to pursue engineering the future.  Scientists and engineers.  What 
do you think is similar about the two?  That goes in the middle of the Venn diagram, and then 
what do you think is different about the two fields? You can write.  You can draw.   

Ty: I think in both of them, you're both learning new stuff, new concepts and things.  You 
want to write it, Mariah, or should I? I have bad handwriting. 

[Mariah begins to write]. 
M: Learning new concepts. 
Tr: Science is more chemical based. 

[00:05:57.17] AH: Good, write that. 
Tr: Engineering is more like- 
Ty: -Physics.  It's more coding, and building.  Engineering is more in groups, science you're 

more alone.  
Tr: But, this one (science) could be working in groups too. 
Ty: They could be either.  But, usually, for engineering you'll do stuff in groups, and in 

science, you'll do things alone.  
Tr: What are some other things?  

[00:06:58.25] AH: What do engineers create?  What are the types of things? 
Tr: They create things that move, things that work in our daily- 
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Ty: More technologic stuff, more modern things. 
Tr: More modern, and this one (science) is like... 
Ty: We're learning stuff our parents probably learned.  
[00:07:31.02] AH: Oh, okay. So, science doesn’t' t change? 
Ty: Yeah, science doesn't really change. 
Tr: Well, it does when there's new things found. 
M: Yeah. 
Tr: But, that doesn't happen very much anymore, all the main things were already found. 
Ty: I agree with that.  But, with the basic things like physics, my parents learned physics.  
Tr: I can actually ask my parents, and they can completely do my work if they wanted to 

cause they know it.   
M: also, on Thursdays, we like being creative.  That new...I don't know- 
Ty: like 3D-printers.  I don't think our parents had 3D printers. 
M: and, like space stuff. On Wednesdays, we basically learn everything that's basic for 

science.  But, Thursday’s completely different.  I don't think a lot of other schools are doing the 
same stuff.  
[00:08:28.05] AH: Yeah, a lot aren't.  That's why I'm here. 

Ty: Yeah. 
[00:08:36.20] AH: So, do you have anything else to add here? 

Ty: I think we covered the basics. 
[00:08:41.03] AH: Now, we're going to move into 3D printing.  Correct me if I'm wrong, the first 
thing that you made on the 3D printer was an ornament, around Christmas time. 

Ty: Yeah, around Christmas. 
[00:08:53.07] AH: and, if you finished the ornament early, you had a free print where you got to 
create whatever you wanted?  

Ty: She had a couple outlines, or things that we could do.  
[00:09:04.25] AH: So, think back to the first ornament that you chose.  It wasn't an ornament, it 
wasn't assigned. Did you ever get a free build or design, if so, what was it and why did you make 
it? 

M: I made an elephant.  It was kind of random.  I was just on the internet, and the person that 
was last on there was looking at elephants.  So, I just dragged a picture.  I'm like, I'll just use this.  
[00:09:35.11] AH:  Yeah, there's a lot of animals in the other groups.  

Tr: I'm not into that.  So, I stacked blocks up, and triangles, and made a Christmas tree.  But, 
it came out all weird. 
[00:09:46.26] AH: How was it weird? 

Tr: Well, I don't know.  It just like built upside down. Some had the triangles coming out, but 
other times the triangles were like filled in.  Ms. T said it was for support cause I was able to pull 
it off.  I made it big so the top was super pointy. 

Ty: One of the options, was your name.  So, I did my name. You space it out, get the font, 
and the letter and everything.  It was cool. 
[00:10:26.27] AH: Did you all get to print those items?  

Students: Yeah. 
[00:10:28.25] AH: Going back to your 3D bone project, what were you trying to accomplish?  
When Ms. T first gave you this assignment, what were your goals? 

Tr: I was absent that day, so I don't know.  
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Ty: We had someone in the 7th grade, their dad came in.  He explain to us how in movie 
stutnts they use fake bones like this that can crack, like for people who don't have legs or arms. If 
you see in the movies somebody break their arm or leg, it's usually a fake arm or fake leg, but it 
looks real.  So, we were given the task to make a bone that looks real when it cracks, but it looks 
original.  So, if you put it on your arm, and crack it, it looks the same as in the movies.  We had 
an outline for that, and we used 3D printing to do that. 
[00:11:24.05] AH:  great, anything else that your bone had to do? 

M: Well, for our bone, we put a little space in the middle.  It was right here [picks up bone 
from table].  It was like a crack, so when your broke it, it would look realistic.  It needs to 
splinter like a bone splinters apparently.  So, we had to put thigns in it to make it splinter. 
[00:11:50.23] AH: Can you sketch on the back of this paper, what did you bone look like? In the 
final design? 

Ty: So, it was on TinkerCAD, it was kinda like this [drawing design].  We had some things 
on top. 

M: Ms. T told us to put lumps on it because apparently natural bones have lumps. So, we put 
random bumps. 

Ty: We had a hole in the center, and a lot of the inside was hollow, but some of it wasn't.  
Tr: Was this for the final? 
Ty: Yeah. This was like a crack, and this was all hollow.   
Tr: No, wait.  Oh, yeah this part was all hollow.  We put a bunch of hollow things in here. 
Ty: Because it has to be hollow, that makes it break more easily with less weight.  It's better 

for movies, it helps. 
[00:13:00.17] AH: How did you come up with this design?  This probably wasn't your very first 
design, right?  

Ty: It was kind of a bit of both. The first bone she brought in, the one we were trying to 
compare to, looked kind of like this. I think we could all agree on that? 

Tr & M: Yeah 
Ty: So, we were trying to make that in 3D printing, and we thought that the best shape would 

be an oval. 
[00:13:26.04] AH: So, you used other models to come up with your ideas. 

M: Yeah.  We kind of had the same idea like the whole time, but we just kept making it 
better. 
[00:13:36.15] AH: How did you make it better?  Was there anything you changed while you 
were designing? 

M: Well, I think that we changed, like on our last bone, I don't really know why we did this, 
but apparently it helped.  There was like this cut-out thing right there [draws on bone picture]. 

Ty & Tr: Yeah. 
M: That apparently helped.  I don't really know why it helped. 
Ty: I think that was just to make it look more realistic. 
M: Yeah. 
Ty: also, on the first one, we didn't have any bumps and it wasn't hollow. The original one 

was just like a round, large block, whereas this one had bumps and was hollow.  More realistic.  
It breaks more easily.  We just improved it over time.   We got suggestions from people, and Ms. 
T. 

M: Is this our bone? [picks up sample bone] 
Ty: I thought we broke it... 
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Tr: Oh yeah, it was fresh out of the 3D printer. He was like, "Oh look at this bone!" and then 
he snapped it in half. [laughter] 

Ty: That was an accident. I wasn't paying attention.  I don't know. 
[00:14:47.07] AH: Did it break and splinter like it was supposed to?  

Ty: Yeah, one half. Well that's how we knew it would work. Yeah, but I got in trouble for it.  
We didn't want to use 3D material, but that's how we figured out that it worked. 
[00:15:02.01] AH: H: Well, it was productive then, right? 

Tr: Then he spent the rest of the science period trying to glue it back together.   
Ty: That was fun. 

[00:15:09.15] AH: Did it actually go back together? 
Ty: No, a little bit.  We tried with rubebr bands and stuff.  We tried to get it back together, 

but I don't know if it went back to its original. 
[00:15:23.00] AH: I've heard a lot from other groups that part of engineering and design is 
failure.  You learn from your failures and you make your designs better over time. Think about a 
time that your group got stuck. Maybe your design didn't work, or you didn't know how to make 
something hollow, or the measurements were off.  What went wrong, and how did you work 
around it? 

M: I think...didn't we.... 
Ty: I don't remember a specific time. 
Tr: I just remember we probably had 3 designs, and they didn't work as well as we thought 

they would.  So, we changed them up everytime. 
M: We didn't have any real struggles. 
Tr: We were better off compared to the other groups. 
M: Tyler was pretty good at figuring out the computer stuff. 
Tr: Yeah, and we would do the measurements, and he would do the computer.  We had a 

group of 4 people, other people had groups of 2. 
Ty: Everyone contributed, so we split up the work so we could work quickly, more 

efficently.  
[00:16:21.20] AH: So, you think more people in the group helped? 

Ty: Oh, definitely. 
[00:16:25.15] AH: and the measurements, you got them right the first time? 

Ty: That wasn't really a huge problem, but I think the first time the measurements were a 
little off. But, we fixed it with the next one.  So that just took a little while.  We needed to 
incoporate the measurements in real life into the computer. 
[00:16:46.03] AH: Building off the measurement idea, I was surprised at how much math I saw.  
Your group, and other groups too.  To design their bone.  Did you use any math in your bone 
project? 

M: I think so. 
Tr: Yeah. 
M: We just took the simpler route.  Okay, it's a cylinder with a couple holes in it. So, we 

made it easier and it actually worked pretty well.   
Tr: We kind of bypassed all the math stuff. 
M: Yeah, Bailey's design was super creative with all the teeth and stuff, but it's kind of like, I 

don't know how that would... 
Tr: Yeah, you want to get the job done and you don't want to get distracted. So, we didn't get 

distracted on doing the teeth and instead we spent time on making it good and making it splinter. 
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[00:17:40.20] AH: Just simple. 
Ty: Yeah, I think the teeth for them was more of the appearance factor.  They wanted it to 

look good, which maybe it did.  But, we tried to focus more on getting the bone right.  So, ours 
probably doesn't look as realistic as other groups, but ours will probably break most easily, and 
splinter. 
[00:18:00.16] AH: You haven't tested your final bone yet, right? 

Ty: No.  Not yet. 
Tr: Did we change anything after you broke it? 
M: Wait, did we print another one? 
Tr: Yeah, I think we did. 
Ty: I don't know. 
M: I hope we did.  

[00:18:15.05] AH: How many bones did you print in all?  Do you remember? 
Ty: I think 4 or 5. 
M: Yeah. 
Tr: I think 4. 
Ty: I think 4. 
Tr: Then if we print another one it will be 5. 

AH: And how do you feel about the project being so long? You’ve been working on this since 
December. 

Tr: Well, we only do it every Thursday. So, it’s not like you’re doing it every single day.  It’s 
not overwhelming. And, now we’ve been working on robots and stuff.  It’s not like every single 
Thursday.  Maybe, we’ll spend like 20-30 minutes of our class working on it.  But, how long is 
our entire block class? 

Ty: An hour and a half. 
Tr: Yeah, counting the break.  We do robots a lot.  We do this a lot.  Sometimes we actually 

do packets and stuff. Sometimes we do chemistry. 
Ty: For the first month or two, we did that pretty much the entire time.  Then we started 

working on our robots more.  Now, we do this maybe a quarter of the time. 
AH: So, similar to the math question, I saw a lot of science ideas too.  I know Ms. Ms. W was 
talking about things like forces, pressure, motion, and where you should hit the bone.  You talked 
about using more anatomy to make it look realistic.  So, what kinds of science ideas did you use, 
if any? And, maybe you didn’t, and that’s okay too. 

M: Um, I think the only science was the pressure, where we put the bone.  Like, if you have a 
little slit, then if you put more pressure here, it makes it easier for the bone to break. Like, but if 
you had it, like full, like a block of plastic, it would be way harder to break.  

AH: Yeah. So, forces, motion. 
Ty: Yeah, I think that’s pretty much it. 

AH: Awesome. So, all things considered, if you were to give advice to a student in 8th grade who 
has never used a 3D printer before, never used TinkerCAD before, what would you share? 

M: Well, I kind of got used to it.  But, when I first started the 3D printing thing, I was totally 
confused. Like, Tyler knew what to do.  

Tr: Yeah, in the beginning of the project, we kind of like sat back and let Taylor do 
everything because he knew how to do it.  I had missed a lot of time.  So, I was kind of reluctant 
to do it, but then we had a test.  We had to make one of the new students’ names [nametag for 
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incoming students]. And, I asked her for a bunch of help, and she taught me how to do it.  So, I 
became a little better at it. 

M: I guess I didn’t know how to do anything.  I’m not good with computers in the first place.  
So, like doing this was hard because you have to email the thing to her and then you have to 
(???). 

Tr: Save it.  I didn’t even know where the save button was. And now I know how to make a 
thing, email it, 3D print it. Everything.  But, before I had no idea. 

Ty: I would say the first time I figured it out, you just have to practice it I guess.  I didn’t 
really figure it out fully until a couple of class periods of doing it. 

M: Like, the first month of when we were doing the bone, I was basically watching Taylor, 
trying to figure out how to do it.  The first month of the bone was just me learning to use the 
computer.  Now, I can like design and everything.  I feel pretty confident.  

Tr: And back to teaching the kids, I would say mess around with it a little bit.  Make things.  
Don’t start immediately on a super hard project.  Mess around to learn it. 

M: Yeah, basic shapes and stuff. Or, you’ll confuse yourself with it. 
Tr: Mess around.  Make like a penguin or something.  Move on from there. 

AH: Anything else you would share with a student who wanted to use a 3D printer? 
Ty: Mostly just experiment. 
M: It’s hard, then once your thing is printed, it’s fun.  It’s like, oh my gosh, I made 

something. 
Tr: Yeah, I made this myself.  I didn’t buy it. 

AH: So, did you like that feeling, where you actually made it? 
Ty: Yeah. 
Tr: Yeah.  It’s like, I just spent 20 minutes making this thing, and you’re like, whoa, that’s 

cool. 
M: When I heard the word 3D print, I literally thought they didn’t exist. I thought that it was 

like- I didn’t know they existed.  I don’t know why. I didn’t know what it was. 
AH: Okay, so none of you have 3D printers at home? 

All: No. 
Tr: My family is not really a huge science family. 

AH: So, similar question, if you were to give advice to a teacher who wanted to use a 3D printer 
in her class, but wasn’t really familiar, hadn’t really used it before.  What would you tell the 
teacher? 

Ty: I would say the same thing. 
M: I think, Ms. T kind of surprised me.  I’d let them learn how to use it before you start.  She 

thought we already knew how to use it, so she just started the project like this (snap).   
Tr: Yeah, it was kind of weird.  It was like she just expected us to know it. It was kind of 

rushed.  But, we got put in a group and Taylor already knew how to do it. 
Ty: Kind of. 

AH: Kind of? Do you feel like you learned in class? 
Ty: I learned it pretty quickly. 
M: If we had to restart this project, I would want Ms. T to make us print the basics.  Like, a 

circle or a square.  I would definitely rather her not start us on the bone.   
Ty: Yeah. 
M: I think it would be way easier, and our bone would probably be better if we learned how 

to 3D print from the start.   
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Tr: And, also with a teacher who’s not really familiar with it, has to get familiar with it 
before she helps her students.  If the students are not familiar with it, and the teacher’s not 
familiar with it, it’s not going to go anywhere.  

Ty: I agree with that. The teacher has to have a lot of experience with it first off.  Then, they 
have to teach it to the students, so they understand it more. 

Tr: Yeah, because if the teacher doesn’t know, or the students get stuck and there’s like 30 
kids in the class and the teacher has to go around and help every student, the students are going 
to lose interest.  This is dumb.  I don’t want to do this. 
AH: So, the teacher has to be very informed. 

Ty: And, has to inform us before.  So we know how to do like small projects. 
Tr: Because, it’s such a big thing.  When they learn it, it can be like a career for some people. 

So, teachers shouldn’t take that lightly. I’m giving these kids a career option. I need to learn it 
myself, so I can help them go to the best of their abilities. 
AH: That’s great.  So, you just touched on this, but it’s a career.  People do this daily.  I have a 
friend who’s an engineer and she uses a 3D printer daily for her job.  So, before this class, did 
any of you consider going into engineering or science?  Or, were you like, no, this is not for me?  

Tr: I didn’t know engineering. I never took any engineering classes. 
Ty: I didn’t know much about it, but I always considered it a career option.  It’s a good 

career.  Not many people do it. 
Tr: I had never really done engineering before, so I had no idea what it was about. 
M: Yeah. 
Ty: Yeah, I hadn’t really done it, I just knew about it. 

AH: And, then after practicing with the 3D printer, are you more interested, or less interested, or 
about the same about going into engineering later in life? 

Ty: I’m probably about the same. 
M: I mean, I kinda feel like I know more about it and stuff, but I just don’t really find it that 

fun.  
Tr: I mean, I’m interested.  I don’t really know if I’m going to follow it through a career. I 

don’t have a strong passion for engineering but it’s a great skill in life to have.  I’ll be thankful 
that I’ve learned it. 

M: Yeah. 
AH: So, you’re all happy with the experience? At least you’re aware that it’s out there? 

Ty: Yeah, we’re glad- 
Tr: Glad that we know how to work it.  If that time ever comes where we need to do 

something like that, we’re not a complete stranger to it.  
Ty: I think we can all agree that we’re glad that we have engineering on Thursday blocks 

instead of regular science class. 
M: Yes. 

AH: Would you recommend that other schools and teachers have 3D printers that their students 
can use? 

M: Yeah. 
Tr: Yeah. 
Ty: Yeah, I think so. 
M: I think that would be helpful. 
Ty: Yeah, so a lot of kids can learn it and it can become a more common career in the future, 

if all the schools had them. 
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AH: Awesome.  Is there anything else you haven’t had a chance to talk about with 3D printing or 
about the bone, that you want to share? 

M: I think we’re good. 
Ty: I think we covered the basics. 

AH: Do you have any questions for me? 
M: Nope. 
Ty: Maybe we will in class, but for now, I think we’re good. 


