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Enhancing STEM Education: Learning about
Biomedical Engineering with 3D Pens

Introduction

3D Printing is clearly becoming a state-of-the-art production technology that is growing in many engineering
and technology fields (Balletti, Ballarin, & Guerra, 2017). Today, this technology is especially popular due to
its advantages. It is low cost, lightweight, and produces complex workpieces. Its utilization in healthcare,
automotive, aerospace, and even in defense industries is growing sharply. This 3D printing technology is being
introduced in classrooms across the United States with students of all ages, but sometimes using this
technology can be challenging for younger students due to the complexity of designing, time management,
and money constraints. 3D pens offer a lower cost alternative that provide immediate gratification for users. In
this project, instructors demonstrate how 3D pens can be used to teach biomedical engineering in middle
school classrooms.

This STEM lesson will use hands-on/minds-on materials while walking students through the Engineering
Design Process: Ask, Imagine, Plan, Create, Improve (Museum of Science Boston, 2020). During the unit, the
students integrate each of the STEM disciplines (Science, Technology, Engineering, and Math) in a fun and
accessible way by using 3D pens to create models.

LEARNING GOALS:

Students will effectively design and construct a prototype prosthesis using a 3D pen.

STANDARDS:

MS.ETS1.1: Define the criteria and constraints of a design problem with sufficient
precision to ensure a successful solution, taking into account relevant scientific
principles and potential impacts on people and the natural environment that may
limit possible solutions.

MS.ETS1.4: Develop a model to generate data for iterative testing and modification
of a proposed object, tool, or process such that an optimal design can be achieved.

MATERIALS:

Broken toys, graph paper, pencil, scissors, plastic lids, card stock paper, 3D pens, filaments, glue gun



Activity Time:
Five - 45 minute class periods
Grade Level: Middle School (4-8)

Lesson Overview:

Developing and using models is identified as an important Science and Engineering Practice of the Next
Generation Science Standards (NGSS). The ideas shared in this unit demonstrate the effectiveness of using 3D
pens to introduce biomedical engineering to middle school students. This activity provides a means to teach
engineering concepts while creating models. At the beginning of the unit, students were introduced to 3D
printing by reading the book Beauty and the Beak (Rose & Veltkamp, 2017) and watching YouTube videos
about a bald eagle named Beauty that lost its beak in a hunting accident. The book and videos discussed how
biomedical engineers improve the lives of animals and humans with prosthetics. The goal for the unit was for
students to create prosthetic models with 3D pens for a variety of toys with missing limbs. In doing this, the
students were given a chance to explore the features of 3D pens and then compare them to 3D printers.
Similar to 3D printers, students saw how 3D pens use filament that goes through a heating process. Just like
with 3D printers, the plastic filament in 3D pens is heated until melted and extruded from the tip of the pen.

Throughout the unit students were placed in groups to promote collaboration during the engineering design
process (Museum of Science Boston, 2020). Students began with asking questions about what biomedical
engineers do, and then worked together to imagine how to create prosthetic limbs for their toys.

While planning, students drew models on graph paper using the toys’ unaffected parts. They traced limbs in
order to achieve symmetry through measurement. Next, students created prototypes of the broken parts from
recycled plastic materials to scale their models. Last, students improved their models by using the 3D pens to
create prosthetics that were similar to the size and shape of their toys’ missing parts. During this final stage,
students attached the prosthetic limbs for their toys and tested for function.




Lesson Outline:

ASK

v Students brainstorm reasons about why beaks are important to birds.

¥ Students discuss different food sources for birds by beak type

v Read Aloud- Beauty and the Beak (Rose & Veltkamp, 2017)

v View video clip that tells Beauty’s story https://www.youtube.com/watch?v=3qz9EvjtV7k
Y Following the read aloud, students brainstorm ways to help the eagle fix his beak

IMAGINE

v Provide students with other examples of prosthetics to help them imagine how they are used in our world
V'Watch Derby the Dog Video https://www.voutube.com/watch?v=uRmoowIN8aY
v Watch Giving the World a Helping Hand Video https://vimeo.com/152492035

PLAN

VRead Aloud- excerpts from the book Biomedical Engineering (Sjonger, 2015)

V' Students explain biomedical engineering in their own words

v Students use their own toys or are given wind-up toys

v Students trace the missing limbs onto graph paper and transfer to plastic materials to cut out

CREATE

v Students create prosthetics for broken toys from plastic recycled materials
v Teachers hot-glue the plastic pieces onto the toys as a first prototype

IMPROVE

V' Students draw on card stock to make 2D templates for using with 3D pens
V' Give students the opportunity to use the 3D pens with adult supervision
¥'Students complete 3D models of their prosthetic limbs

V' Students test the functionality of their toy’s improved prosthetic limb


https://www.youtube.com/watch?v=3qz9EvjtV7k
https://www.youtube.com/watch?v=uRmoowIN8aY
https://vimeo.com/152492035

Assessment:

V' Students create engineering design posters

¥'Students create a video with the iPads that allow each person at
the table to tell how they engineered a prosthetic part for their toy
and how it will improve its structure and function.
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