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Introduction

Technology has changed the way people learn. The ease of access to media has made it impossible to ignore the role of computers, tablets, robots and 3-d printers in learning. Seymour Papert acknowledged that computers can change learning (Jameson, 1999), and that people learn by doing and constructing rather than being passively given the knowledge (Bers, 2008, p.14). Papert’s constructionism derives from Piaget’s constructivist view of learning as a cognitive process that is associated with social and cultural components. According to Piaget, children learn by active participation and hands-on experience (Piaget Society, 2007).Constructionism is a learning theory that gives children the ability to freely explore their natural interests using new technology (Kafai & Resnick, 1996) (Bers, 2008, p. 15).


In the teaching of mathematics and in Particular geometry, 3D printing provides a tool for creation and construction. Educators can use Universal Design for Learning to provide an instruction that takes into consideration all different types of learners including visual, social, kinesthetic and logical. Through the use of 3D printers, students can better understand the math content and make connections with real life applications, when students are able to make connections through discovery and creation they can build new knowledge and become critical thinkers. Incorporating 3D printers in geometry lessons is a “Powerful idea” because will provide students the opportunity to explore the fields Science, Technology, Engineering and mathematics and generate interest in following careers in STEM. It can also help make connections between the digital world and the physical world, and give students a sense of control and creativity in their physical environment.
There are many applications of 3-d printers in mathematics, the following projects focus on teaching geometric concepts such as identifying and classifying 2-d and 3-d shapes, finding surface areas and volumes, understanding the concept of ratios and making relating geometric concepts to real life applications using skills such as measurement, calculations and problem solving.
Projects
Project 1: Introduction to 3-d figures using Cylinders
 
Students will be designing a cylinder using TinkerCad, the cylinder will have a radius of 1cm  and height of 2cm. Students will them use the design to find the number of faces, identify the base and the top face, identify the 2-d figures that make a cylinder. Students will then be moving to a construction area where they will be given construction paper, scissors and a ruler to build the cylinder. After constructing the cylinder, they will use the formula to calculate the volume and the surface area. Students will then find real life examples of cylinders such a can, a candle and a fire extinguisher. 
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Project 2: Similarity and Proportionality using Cylinders
Students will be using the same file from project 1 and add a second cylinder with a radius of 3cm and height of 6cm, calculate the volume and  surface area of the second, the find the ratio of the radius, the height, the volumes and the surface area then draw conclusions about proportionality and similarity. Students will be introduced to similarity theorems and will asked to think of examples of proportionality and similarity using real life such as in construction, natures and shopping. Students will then print their 3-d cylinder based artifact.  
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The following is a link to a youtube demonstration
https://youtu.be/Gw697USXwe4
Project 3: finding Pi 3.14159265359…using Circles
Students will first start by designing a circle with a diameter of their choice using Tinkercad. students will upload their design to Makerbot and print it to a 3D printer. While the circles are being printed, students will calculate the circumference and area of the circle using formulas. After finishing the calculations, students will move to hand-on stations to find the value of Pi, they will use a thread and a ruler to measure the circumference and diameter of various circular objects that will be provided to them (plates, lids, rings). In their group, students will compare the ratio of the circumference to the diameter for each circular shape and draw conclusions.
Students will then return to their design station and continue designing objects that are based on circles such as a wheel, a coin or a token and get to print their design it and take home. Below are pictures of the artifacts designed for this lesson.
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Project4: Emoji and Button
In this project, students will be given a prototype as shown below and asked to utilize the formulas of the area of circles and rectangles to determine the area of the Emoji. Students will open the STL file that contains the design on TinkerCad and asked to find the measurements and calculate the area. The area should take into consideration the empty spaces ( eyes and mouth). After completing this activity, students will asked to design their own Emoji or button and get to wear it and take home after it is printed.
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Project 5: Introduction to Prisms by building a House 

Students will be introduced to rectangular and triangular prisms by building a house similar to the one shown below. Students will count the number of vertices, identify length, the width, the height, the number of faces, the base shape, then calculate the surface area and volume of the house they build.

Once students finish designing their house using a rectangular and triangular prism, they will then estimate the time it will take to print them and calculate the price. Students will then move to a work-station where they will be estimating the weight of the house and calculating the price of printing it knowing that the 3-d printer takes about 4min to print 1gram and the average price is $20 to print per hour.  
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Project 6:  Introduction to polygons using diamonds and rings
Students will use polygons to designs diamonds and rings. Students will first identify the number of sides, how many angles, name the diamond, and calculate the sum of angles as well as the measure of each angle using the sum of the interior angles theorem. Students will then get to personalize their ring by adding diamonds and changing the design. While their rings are being printed, students will explore various types of diamonds, stones and crystal and their prices and find real life examples of polygons such as the pentagon, a honeycomb and a stop sign. At the end of this activity, students will print their polygon and get to keep it.    
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Considerations
The incorporation of 3-d printers in the geometry curriculum class will require planning and taking into consideration various factors such as cost, training and scheduling.
Cost
3-d printers are costly even though their price has gone down these last year; the price of a good quality 3-d printer is over a thousand dollars. One way of getting the technology is to ask the school district to budget for it and set aside money for technology on yearly basis through writing a course proposal and demonstration to the math district supervisors the benefits of incorporating 3-d printers in the geometry curriculum. Others ways include grand writing, and holding fundraising events and asking private businesses for donations. 
Training

Teachers will need to be trained in order to familiarize with this new technology and a hands-on approach of teaching geometry. Organizing Professional development and workshops to train teachers to utilize 3-d printers and the software (Tinkercad and Makerbot) as well as awareness of safety considerations and maintenance of 3d printers is crucial to the successful incorporation of 3-d printing in the geometry curriculum. This could be part of the district mandated professional development days or as an extra training by taking advantage of the sellers’ package that usually include training with the purchase of the 3-d printer.
Scheduling
Incorporating the 3D printing in the geometry curriculum will require taking into consideration the time spent on printing artifacts. The printing time varies depending on the weight and the design; it can take up hours and extends beyond class time and even a school day. In addition, the printing process needs to be constantly monitored as technical issues might arise during this process. This leads to a change in schedules for educators and students as well. A solution could be moving to a block schedule or holding the classes after school.
Learning environment

The classroom should computers or chrome books or can be held in the media center. Two to three 3-printers is a good start for a class of 20 to 25 students. The classroom should also be roomy and have a storage area to store the 3-d printers filament and others supplies. Students should be able to move around to different stations and be able work in groups.
Differentiation and Learning styles
Teachers should take into consideration students’ learning styles, interests, preferences, abilities and provide differentiation through modifications and accommodations. A student might not be able to do the math work but will excel in designing and creating and vice-versa. Students should be working cooperatively in groups in activities designed with principles of Universal Design for Learning and offer students options of building knowledge. In addition,  teachers should take into consideration how boys and girls learn and explore, while girls take learn through sharing and planning, boys tend to not spend time discussing but get to the point and start creating (Bers, 2008, p. 51). 
Conclusion
The projects provided above are just few applications of 3-d printers in geometry, the applications are endless and the potential for engaging all students in mathematics is worth the investment. With appropriate planning and taking into consideration the cost, training and scheduling factors, 3-d printers will provide students great benefits by helping them gain skills that they will use beyond the geometry class. Incorporating 3-d Printing in the geometry curriculum is a powerful idea because it will not only give students a tool to visualize and understand mathematical concepts  and their applications in real life but also an opportunity to explore the fields Science, Technology, Engineering and Mathematics(STEM) and build interest in pursuing careers in STEM. One of the biggest challenges that our schools is facing is helping our students to improve their global performance in STEM and acquire the skills necessary to fill 21st century jobs. These jobs require from students not only to be proficient in STEM but also be able to work together and compete on the global market (President’s Council of Advisors on Science and Technology, 2012).
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