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Abstract: As we examine new technologies to determine their worth both to ourselves and to our students, 
we might stop to reflect on our personal professional development.  In this paper we reflect on the self-guided 
process that we used to explore the potential of 3D printing and to generate a unique simulated artifact to take 
into our classes.  We examine what attracted us to this new tool; ponder how we, as educators, can make this 
process real; and summarize what we have learned. 

 
 
 
Self-Guided Professional Development 
 
Professional development for educators is often experienced as “…one-off workshops presented by consultants with 
little long-term impact, or as mandated ‘upskilling’ for policy implementation as a result of a top-down approach to 
change” (Loughran, 2014, p. 271).  To improve upon this situation we need to focus on “understanding that 
professional development is about teachers learning, learning how to learn, and transforming their knowledge into 
practice for the benefit of students’ growth”(Avalos, 2011, p. 10).  Webster-Wright (2009) argued for a shift in the 
conceptualization of, and support for learning from professional development workshops to supporting authentic 
professional learning through experience.  Garet, Porter, Andrew, and Desimone (2001) stated that for teacher 
development to be effective, teachers need time to develop, absorb, discuss, and practice new knowledge.  Opfer and 
Pedder (2011) reviewed literature on teacher professional development, teacher learning, teacher change, and 
organizational learning to examine the impact that learning experiences have on knowledge and practice. Their 
review concluded that teachers learn most effectively when their learning activities require them to engage with the 
materials of practice, when activities are school-based and integrated into their daily work, and when the 
professional development is active and requires them to learn in the same ways they their students should be 
learning. 
 
Teacher educators are a unique group in that they have much more control and autonomy over their own 
professional learning and practice. Berry (2013) claimed that by necessity they have to be left on their own to 
construct their own professional knowledge of practice. Loughran (2014) stated that “developing professionally 
carries expectations of a need for teacher educators to be able to conceptualize and enact their own professional 
learning in ways that require careful planning and thoughtful actions.” These ideas are consistent with our personal 
approach to professional development and underpin our investigation into the potential of 3D printing to support 
teaching and learning. 
 
 



 
What Attracted Us to this New Tool? 
 
3D printing is moving into the mainstream.  It represents a major shift in product development—from prototyping to 
low-quantity and just-in-time production. 3D printing can support the manufacturing of objects that cannot be 
produced as efficiently any other way (consider voids, interconnecting/nesting parts, etc.).  In many ways you can 
look upon 3D printing technology as the whittling of the 21st century. The onus is still upon the designer to make use 
of the available tools to create an object that meets some need (whether it be artistic or practical).  But with 3D 
printing the potential horizon broadens.  By modeling an object virtually in 3D the creator can precisely define and 
refine the parameters until the object appears to be suitable. Once a virtual model is satisfactory, the 3D object can 
be printed and tested and the process iterated until a viable product/solution is developed.   Here is where the 
difference between whittling and 3D printing occurs—once a viable product is developed, the information 
describing that product (arguably the most important part) can be easily shared.  The model can be given away or 
licensed to others that might wish to produce the same object, or who might wish to refine or remix it to generate a 
new object that again is infinitely shareable. It appears that our current economic model associated with design, 
manufacture and distribution of products is on the verge of a substantial shift and our students need to be prepared to 
participate in this shift. 
 
3D printing isn’t particularly new—the additive printing process has been developing over the past 30 years and its 
cousin the subtractive CNC milling/lathe process has been available for 60 years.  However, the cost and 
accessibility of the printers and the associated consumable materials has greatly diminished over the past few years.  
It is now very affordable and practical for a hobbyist, tinkerer or educator to purchase a 3D printer and engage in the 
creative design, prototyping and limited-quantity manufacture of physical objects. 
 
As an information society we have largely moved away from industry, manufacturing, maintenance and tinkering.  
They are things that are done elsewhere by others, or eliminated (buy a replacement rather than repairing).  Our 
children are focused on virtual spaces and activities and have fewer opportunities to take-apart and examine the 
machines and objects around them and seldom have opportunities to maintain, adjust or fix objects that we take for 
granted.  Because of this shift, students often have fewer authentic physical experiences to support their learning in 
mathematics and science, and appear to suffer from a diminished curiosity and lack of confidence in exploring the 
physical world. Bringing 3D printing into our educational programs has the potential to enhance our students’ 
collection of life experiences and understandings and prepare them to participate more fully the physical world. 
 
 
How can Educators Make this Process Real? 
 
Theory and pondering are fine, but unless we, as educators, have opportunities to engage in an authentic learning 
process that allows us to experience the realities associated with a theoretical process, we will not be well prepared 
to teach these new ideas to our students.  In this section we will share our discovery of 3D modeling and printing 
processes over the past 9 months—we begin with a brief summary of our general explorations with the printer and 
associated tools and then focus on an authentic exploration of the potential for this technology to help us to create 
and share a simulated historical artifact that brings together mathematics, magic squares, early Hindu-Arabic 
numerals, and a 13th century palace in Xi’an China. 
 
Earlier this year we had purchased a Printerbot Simple Metal 3D printer (printrbot.com) to explore the potentials of 
3D printing.  Intentionally choosing the unassembled kit form offered us the opportunity to engage with, and more 
fully understand, the inner-workings of this printer (a marginally harrowing experience that took about 7 hours for 
assembly and a couple of weeks of uncertainty to work up the gumption to turn it on). We worked our way through 
0.5 Kg of red filament trying several interesting models downloaded from Thingiverse (www.thingiverse.com)—
including toys, tools and parts to enhance our printer.   We adjusted parameters, tinkered and ultimately achieved 
about a 50% success rate in our prints (many of the failures occurred because we wanted to see what happened when 
we moved away from the default parameter values). 
 



For our exploration on the potential of this tool to help us to create a simulated artifact, we will go into a little more 
depth. We started with an image of a 13th century artifact that we captured while visiting a museum in Xi’an China 
(see figure 1).  It represents the peak of mathematical technology of the time—a cast iron 6x6 magic square with 
early Hindu-Arabic glyphs/numerals (see figure 2).  Given that we were not completely familiar with these early 
numerals, the intersection of this artifact with our lives provided us with an opportunity to learn—could we deduce 
the numerals from the artifact?   
 
With Photoshop the original image can be filtered, cleaned up  (transformed to monochrome and noise removed), 
and rectified (returned to a square with geometric transformations) to present a much simpler and more accessible 
representation of the image (see figure 3).    
 
This magic square presents the numbers 1-36 arranged so that the sum of the numbers on each row, column or 
diagonal adds up to the same magic value.  Adding the numbers from 1-36 (by recalling Gauss’ method for sums of 
consecutive numbers), we find that the sum is 666  (Interestingly this number would be represented as DCLXVI in 
Roman numerals—perhaps the author in the Bible was commenting on the nature of Roman civilization).  Dividing 
this number by 6 (the number of rows or columns making up the whole square) we see that the magic number must 
be 111.  Generating a list of the numbers 1-36, we can see that there are exactly 3 zeros, 14 ones and twos,11 threes, 
4 fours, fives and sixes, and 3 sevens, eights and nines.  This information, along with some basic arithmetic, logic, 
and a combination of ‘guess and test’ and algebraic problem solving processes, can lead us to the solution (a 
mapping of the historical numerals to our modern numerals). It is a challenge we can bring into our teacher 
preparation classes for middle school math, and that we leave with you the reader (hint: the ‘V’ is not five).  
 
With our developing interest and expertise in 3D printing, we thought that it would be great to generate a physical 
artifact that could be taken into the classroom to support this activity. While our high-contrast, noise reduced, 
rectified jpeg image seemed like a great starting point, we needed to discover how to transform it into a 3D printable 
object.  Searching the Internet we found a utility service (www13.online-convert.com) that would transform a bit-
mapped image (e.g., jpeg) to a vector file (with some smoothing), and after several trials, we were able to generate a 
useful .svg file showing the right level of detail (as seen in figure 4).  
 

Figure 1. A magic square with early Hindu-Arabic numerals (located in the Shaanxi museum in Xi’an China).    
 

Figure 2. Early glyphs used to represent the Hindu-Arabic Numerals (from Jean-Étienne Montucla, Histoire des 
Mathématiques, 1758 – public domain). 



 
 

Figure 3. A simplified and rectified image (.jpg) derived from the original photograph using Photoshop. 
 
 

Figure 4.  A vector (.svg) file representation of the magic square artifact (generated by www13.online-convert.com). 
 
 

Figure 5.  A 3D model of the magic square artifact created in TinkerCAD. 
 



We imported this vector file into TinkerCad (tinkercad.com) and extruded/extended the 2D vector image up a few 
millimeters.  We then added a base-plate under the image and chamfered the edges of the plate to make the model 
haptically pleasing (see figure 5), and exported this virtual 3D object to a print file (.stl).  Unfortunately when we 
attempted to print this object on our Printerbot using PLA (a plant-based, low-odor plastic), we were stymied by the 
tendency of the printing material to deform/warp when used to print larger, flat objects.  However, after several 
attempts, a couple of marginally acceptable artifacts were produced.  Although they were unsatisfactory as a final 
product, they were sufficient to allow us to be confident that the model was functional.  The plastic versions of the 
artifact took about 2 hours to print and weighed about 23g.  
 
As a final step toward producing a simulated artifact, we wanted to generate a metal version of this artifact using an 
online 3D printing service. From a math teacher’s perspective, it was interesting to note how the pricing structure on 
the Shapeways service (Shapeways.com) appeared to take into account many factors including the extents of the 
object, the material requested (they can potentially print objects in plastic, bronze, steel, silver, gold, platinum, sand, 
wax and even ceramic), the volume/mass of material required, the cost to finish/polish the printed object, etc.. We 
uploaded our .stl file and chose bronze-infused steel from the available options—the cost was about $100 (we 
resisted the urge to choose the $1000 silver, $10,000 gold or $30,000 platinum options). The final printed object 
seen in figure 6 is about 8 cm on a side, less than 1 cm thick and has a mass of about 150 g.   We subsequently 
ordered a silver metallic plastic (ABS) version that worked well with a much lower cost ($15). In the near future we 
will try printing it again on our own printer with a bronze-filled PLA material—we hope this material will be less 
inclined to warp because of its increased mass.   
 

Figure 6.  A simulated 13th century magic square artifact—printed in bronze infused steel. 
 
 
What Have We Learned? 
 
We have been successful in our learning goals! We recognized the potential of a tool, challenged ourselves to 
explore it, engaged with it to develop something new, and generated a unique learning artifact to support our future 
teaching endeavors.  We have shared our 3D model file (.stl)  on shapeways.com and thingiverse.com and included 
some of the information we have gathered—so that other interested parties and educators may benefit as well. 
 
As researchers on professional development have suggested, this personal professional development process did 
indeed allow us to achieve authentic professional learning through experience and to use this knowledge to develop 
something that will benefit our students’ growth in both Mathematics and in understanding the potentials of 3D 
printing. We engaged with the materials of practice and approached our investigation in the same way we would 
teach our students.  This process is not new, but it is worthwhile.  We all need to be reminded from time to time of 
the joy that is derived from accepting a challenge to explore and understand potentials of new technologies; the 
renewal that occurs as we engage with, and master, the unfamiliar; and the satisfaction derived by achieving one’s 
goals.  As professional educators we need to continually seek for, and have, these types of experiences, so that we 
can authentically model what it really is to be a student. 
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