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Abstract: The process of using digital fabrication is exciting, but it can be fraught with 
setbacks and pitfalls, especially for those that are new to the technology. This paper 
strives to outline some of the issues digital fabrication beginners will experience and to 
provide a guide of the questions to ask and consider before introducing digital fabrication 
to the classroom. Budget concerns, classroom applications, technology considerations, 
safety concerns, and 3D designs will all be discussed.  
 
 

Introduction 
 
Pulling a 3D printer out of its box is akin to opening a present as a child. The joy, wonder, and promise of 

what can be done with the new toy is only held back by the fear of not wanting to break it. Upon first receiving a 3D 
printer, there are several things that may come to the mind of a public educator. The first might be something like, 
“Oh, please don’t let me break this. There is no way I can pay to replace it.” Followed by, “What do I do now?” 
After several videos, manufacturing guides, and help support calls, one thing was crystal clear, you just have to 
jump in and play with it. This paper strives to outline some considerations that should be made before embarking on 
a digital fabrication journey to help a person dive into the educational world of digital fabrication. 

 
Explanation and Example Types 

 
Digital fabrication encompasses the digital design to physical creation of objects (Berry, et al., 2010). The 

process can be done through different types of software, translated through specific manufacturing software to print 
a physical object. Some of this computer aided design software uses a series of perforated cuts and solid cuts to 
create a shape on paper that has only 2-dimensions (2D), length and width. These paper cutouts can then be folded 
into an object that has 3-dimensions (3D), length, width, and height (see Figure 1).  

 

 
 

Figure 1: Progression of 2D digital fabrication to make a paper cup 
 

Digital fabrication also includes the digital creation of an object with three dimensions: length, width, and height 
(see Figure 2). These digital objects can then be printed directly as a 3D object, through an additive process that lays 
down material layer by layer (Witt, 2015). Digital fabrication in both the 2D and 3D circumstances requires students 
to think through geometrical and mathematical reasoning to create a physical object that will work the way it was 
intended. Students can use digital fabrication to quickly design, evaluate, and improve (Horejsi, 2014). The digital 



object can be manipulated and adjusted and then be printed in its final form. The act of printing a precise model of a 
digital design provides a new level of creative opportunities for students (Loy, 2014). 
 

 
 

Budget Considerations Prior to Purchase 
 
Depending on budget, student time, and student learning objectives, different digital fabrication systems 

can provide a better educational fit. While the initial printer or cutter cost is straightforward, additional consideration 
needs to be given to the necessary consumables. Digital fabrication with a 2D cutter uses different types of paper for 
the consumable, while the 3D printer may use a variety of materials, with plastic polymers being the most common. 
The consumed paper and plastic range in cost depending on type and color. Much like knowing the differences 
between types and uses of printer paper and cardstock, types of plastics have their own printing properties that are 
not universal for all printers. Some printers print with PLA and/or ABS plastic. The plastics vary in price, printing 
temperatures, and print settings. Some printers can print both types well if some setting adjustments are made. 
Check to see which type of plastic is preferred for the printing system you are looking at and projected cost of 
replacing the plastic. Depending on the quality and sizes of prints, the standard size of 1 lb of plastic may be 
stretched to last awhile. For example, the object printed in Figure 2 used .022 lb (9.75 g) of plastic on a low quality 
print setting, and could have been about .03 lbs (13.57 g) if printed in the high quality setting. While the object 
printed in this example is relatively small, the amount of plastic needed varies based on the teacher’s preferences.  

3D printing objects allows for greater budget control than purchasing similar items from traditional 
manufacturers. Not only does it permit a teacher or student to custom design what they need, but there may be some 
additional benefits from home or educational production. A study done at Michigan Technological University over 
product life cycle impact analysis showed that 3D printing objects produces less carbon dioxide, and “…took from 
41% to 64% less energy than making them in a factory and shipping them to the United States” (3D printing: The 
greener choice, 2013, p. 1). 

While cost may be prohibitive in selection, without grants or savings, the main consideration is student 
learning. The digital design process can provide this learning opportunity for more students, as well as a foundation 
for a vocational future, as it is already being used to create, “aircraft parts, candy, toys/games, cars, and even 
houses” (Witt, 2015, p. 3). With a little creativity, it is possible to create student projects using digital fabrication 
that align with student learning objectives.  
 
Classroom Applications 
 

Figure 1 and Figure 2 are both from a study concerning a STEM transmedia book with optional digital 
fabrication projects. The study showed students who participated in the digital fabrication activities had increased 
math achievement during the post-test when compared to students who did not use digital fabrication (Stansell, 
2015). Math applications can be specific with students designing geometrical prisms and other objects to see the 
relationship between the side lengths and the volume or surface area. Teachers can create objects themselves or 
download object files from free databases such as Thingiverse. For example, an object can be printed to allow 

Figure 2: Progression of 3D digital fabrication 



students to move blocks from two separate smaller squares into one larger square in order to show the concept proof 
for the Pythagorean theorem (see Figure 3 below).  
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Beyond math, science can use 3D printed frogs with individual organs to enact dissections, social sciences 

can print land boundaries with their topographic features or replicas of historical artifacts and structures, and 
language arts can print suffix and prefix tiles to manipulate root words. Depending on the learning objectives, 
teachers may design, or find designs, for student use. Teachers can also embed math into any class by having 
students go through the process of digitally designing part of their class project, forming a multidisciplinary unit. 
Digital design may be used as an integral part of the design process (Loy, 2014) in a variety of class projects, such 
as traditional classroom models or dioramas. A further extension of 3D printing can be found in library classrooms 
to further provide, “the next step toward meeting patron needs as well as a technology and space for engaging 
curiosity, creativity, and collaboration” (Moorefield-Lang, 2014). 
 
Technology Considerations 
 

Once a project has been envisioned, students may need time for skill building to learn how to digitally 
design objects. Depending on the software students’ use, the learning curve difficulty and time length will change, 
along with the long term skills they develop. Some programs like Autodesk Inventor have free educational student 
accounts that include tutorials, while others like Tinkercad provide free online software. A variety of software are 
available, but printing systems will still need the manufacturer’s software to print. Some of this software is all 
inclusive and allows for the user to digitally design and then print directly, like Silhouette. Other software may 
require third party software to translate the digital design so it is compatible with the manufacturer’s software.  

If your educational institution has existing software for computer-aided design, check to see if it possible to 
export from that software to the printer’s software. As an educator you might not have the ability to download new 
software without first going through a request process. Sometimes the design websites may be blocked for student 
use. Before you get a 2D or 3D printer, be sure to receive permission from the technology department and check out 
the software requirements. Norris and Soloway identify 11 barriers to technology integration, including lack of 
money, curriculum, and infrastructure, as well as the problems associated with the act of personal internal change 
for those involved and the time that it takes for those changes to occur (2015). While this article has identified some 
considerations and information to help address the barriers, it is important to consider all involved peoples’ 
perspectives before committing to any one particular printing system. The space and tools for a project are 
important, but so are the flexibility, time, and support of the people facilitating the project (Umekubo, 2015). 

 
3D Design Classroom Considerations 

 
After all the research and decision making is done and a 3D printer is in the classroom, then comes the fun 

part of using the printer. Every time a printer is moved, an alignment check will help make sure that the print bed is 

Figure 3: The Pythagorean theorem object on a student’s 
notebook with the associated notes and practice. 

 



flat and the nozzle is ready to print in the desired location. Doing a test run of previously tested prints, such as a 
sample print from the manufacturer, helps to ease new users into printing and checking the alignment. Before 
designing a new sketch, verify the measurement type the printer requires and the software allows. While students 
transferring files from one program to another is a teachable moment for types of measurement, a lot of frustration 
can be saved by checking that the digital design was created in the same unit of measurement that the printing 
software uses.  

Another thing to keep in mind before starting a project is the maximum print area. Just because a space 
appears to be certain size, it does not mean that all of it can be used for printing. Check the printer’s maximum print 
space and be sure to communicate that to students before they design. It might be necessary to plan a design with 
connecting parts that can each be printed separately. Printers also have a minimum thickness that they can print on 
low to high quality settings. Just because a student can design part of an object at .003 mm does not mean you can 
actually print that size, especially on a low quality print setting.  

Object orientation in a 3D coordinate grid is also important. Students can design objects in any plane space, 
XY, YZ, ZX, but before a design space is used, it is important to think about how it will print in that plane. For 
example, printing an L bracket requires less plastic if printed like a traditional L, with the bottom of the L on the 
printing table. However, if the plane is flipped upside down and the L is being printed upside down from a 
traditional L, the printer will require additional plastic to print supports. Many programs allow for the rotation of 
object before printing, providing teachable moments on coordinate systems, axes, and geometric critical thinking. 

Print time is also a consideration. The objects in Figure 2 took 44 minutes to print on a low quality setting, 
but could have taken around 100 minutes to print at high quality. In addition to the print time, time is also needed to 
heat the printer prior to printing and to pause the printer during the printing process, as is sometimes necessary. For 
a teacher that stays in one room all day, this may not be an issue, but consider the size of the files being printed and 
how long each one will take to print. If there are 100 projects for students and each takes an hour on average and 
uses .026 lbs of plastic each, printing all of them will take a very long time and use several pounds of plastic. Be 
sure to consider how many total projects need to be printed and develop an appropriate timeframe. 

 
Safety Considerations 

 
A few safety considerations should be made before purchasing a printer, such as access. An initial concern 

should be who has permission to print and how do they print. Some printers can be connected to a network and 
printed to from another place on the network. Some printers must have a computer directly connected to them while 
others may require an SD card input. Some newer printers are even being developed to connect to computers via 
Wi-Fi. Communication with the decision making personnel in an educational institution will help establish these 
expectations for a printer. Locking a printer up while it is not in use is an option. However, every time a printer is 
moved, alignment might get a little off and impact printing. In addition, ventilation of heat and fumes should be 
considered before the printer is locked up. Another option is to limit printing software access. As discussed earlier, 
sometimes objects need to be rotated or resized, and that can provide a beneficial learning experience for students 
while saving the instructor time. An option that is a quick security measure on some printers, and allows student 
access to software without fear, is a printer with a removable power supply. If students do not have access to the 
printer’s power supply except at times when they are supposed to be using the printer and are being supervised, it is 
far less likely that the printer will be used inappropriately or damaged. Whatever solution is reached for securing the 
printer, it is helpful to know these expectations prior to introducing the printer to the classroom.  

 
Summation 

 
Digital fabrication is a wonderful tool for educators and students. Having a plan before buying and using 

this technology can help make the experience meaningful and fun instead of stressful, time consuming, and a 
security liability. Communicate with all stakeholders in the educational institution so that when the printer arrives, it 
is taken out of the box and immediately used in a way that can enhance learning. 
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