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Welcome!

In this site, you will find four lesson plans that have
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 incorporated 3D printing. The lessons were from
 Geometry, Ecology, Earth Science and Chemistry.

In Geometry, inverted cones were printed. A wind
 turbine was printed for Ecology, the solar system was
 printed for Earth Science and tyrosine was printed for
 Chemistry. Tinkercad software was used to create three
 of the designs (the inverted cones, the wind turbine and
 the solar system) apart from tyrosine.  The stl files for
 the amino acid was from the public domain. The stl file
 used to print the Sierpinski triangle on this welcome
 page was also from the public domain.

 

https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_135251803-2/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_145009036-2/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_145012508-2/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_145030169-2/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_151810499-2/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_151823897-2/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_134604408-3/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_134608084-2/
https://blogs.lt.vt.edu/stem/2016/05/19/hello-world/img_20160511_135249183-2/
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Chemistry
Chemistry

Unit Overview
 During the previous years, students would have
 progressed in their understandings of the elements in
 the periodic table, their chemical and physical
 properties and be able to connect it to bonding types. At
 the end of the lesson, students should be able to use
 their understanding of bonding types to make a 3D
 printed chemical compound.

Grades: 7-9
Duration: 3 Chemistry Model Lesson Plans
 90 Minute Blocks
 3 Days

Materials

3D Printer
 CAD Software
 Common objects of different sizes
 Marshmallow Challenge Kit

3D FOR STEM3D FOR STEM CHEMISTRY EARTH SCIENCE ECOLOGY GEOMETRY

RSS

https://blogs.lt.vt.edu/stem/feed/
https://blogs.lt.vt.edu/stem/feed/


Chemistry

https://blogs.lt.vt.edu/stem/chemistry/[3/6/17, 2:13:05 PM]

SOLs Standards
CH.6

The student will investigate and understand how basic
 chemical properties relate to organic chemistry and
 biochemistry. Key concepts include
 a) unique properties of carbon that allow multi-carbon
 compounds; and
 b) uses in pharmaceuticals and genetics,
 petrochemicals, plastics and food.

Essential Understandings

It is expected that the content of this SOL is
 incorporated into the appropriate SOL as that content is
 being taught (i.e., bonding types, shapes, etc.) and not
 isolated as a discrete unit.
 The concepts developed in this standard include the
 following:
 • The bonding characteristics of carbon contribute to its
 stability and allow it to be the foundation of organic
 molecules. These characteristics result in the formation
 of a large variety of structures such as DNA, RNA and
 amino acids.
 •  Carbon-based compounds include simple
 hydrocarbons, small carbon- containing molecules with
 functional groups, complex polymers, and biological
 molecules.
 • Petrochemicals contain hydrocarbons, including
 propane, butane, and octane.
 • There is a close relationship between the properties
 and structure of organic molecules.
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 • Common pharmaceuticals that are organic compounds
 include aspirin, vitamins, and insulin.
 • Small molecules link to make large molecules called
 polymers that have combinations with repetitive
 subunits. Natural polymers include proteins and nucleic
 acids. Human-made (synthetic) polymers include
 polythene, nylon and Kevlar.

Lesson Objectives:

1. The students would identify the basic units of
 monomers and polymers.
 2. Students will identify the basic units of nucleotides as
 monomers which form DNA and RNA.
 3. Students will recognize that nucleic acids and
 proteins are important natural polymers in the body
 4. Students will be able to describe the differences
 between simple sugars (monosaccharides) and complex
 sugars (polysaccharides).
 5. Students will recognize that plastics formed from
 petrochemicals are organic compounds that consist of
 long chains of carbons.
 6. Students will be able to identify plastics such as PVC,
 polyethylene, polystyrene (Styrofoam) and Teflon (non-
stick coating), rubber, silicone, DNA and RNA as
 polymers.
 7. Students will design a naturally or synthetic polymer
 using a CAD software or choose one of the polymer stl
 files in  the public domain.
 8. Students will 3D print a polymer of their choice.

Engagement:
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1. The Marshmallow Challenge: The teacher will
 create a marshmallow challenge kit for each team, with
 each kit containing twenty sticks of spaghetti, one yard
 of masking tape, one yard of string and one
 marshmallow. These ingredients should be placed into a
 paper lunch bag, which simplifies distribution and hides
 the contents, maximizing the element of surprise. (see
 http://marshmallowchallenge.com/Instructions
.html for more instructions). This activity is utilized at
 the beginning of the lesson in order to create a team-
oriented environment and introduce the principles of
 design.

2. Students will provide a list of naturally occurring
 polymers and synthetic polymers.

3. Students will be asked to give examples and non-
examples of polymers in the classroom.

4. Students will describe the characteristics of polymers.

Exploration:

1. Paper Clip Challenge: Take a box of paper clips and
 tell the students that each paper clip represents a
 monomer that has the potential to form into a longer
 polymer chain. String together several chains of paper
 clips to represent polymers and show that a clump of
 entangled “polymer” chains tends to stick together
 whereas a handful of individual paper clips acts more
 like a scattered liquid. Simply stringing the paper clips
 together has vastly altered their collective properties!
 2. Students will make bouncing Borax balls. The

http://marshmallowchallenge.com/Instructions.html
http://marshmallowchallenge.com/Instructions.html
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 instructions can be found in
http://beam.berkeley.edu/sites/default/files/BE
AM%20Fall%202011%20Lesson%20Plan%20-
%20Polymer%20Chemistry.pdf

3. Students will practice designing complex polymers in
 Computer Assisted Design (CAD) software using
 Tinkercad, Nettfabb  or SketchUp before printing on the
 3 D printer. Students can also print 3 D Models from
 NIH 3 D Print Exchange from images in the Public
 Domain:
http://3dprint.nih.gov/discover?
keys=&field_model_license_nid=1&items_per_
page=24

4. Students will design a 3D model of a polymer of their
 choice using CAD software.

Elaboration:
 1. Students will print the 3 D model of the polymer that
 was designed under exploration.
 2. Students will write a reflection paper on the activities
 on polymers.

 

Appendix

Figure 1 Screen Shot of the Tyrosine File that was sent
 to the 3 D printer

http://beam.berkeley.edu/sites/default/files/BEAM%20Fall%202011%20Lesson%20Plan%20-%20Polymer%20Chemistry.pdf
http://beam.berkeley.edu/sites/default/files/BEAM%20Fall%202011%20Lesson%20Plan%20-%20Polymer%20Chemistry.pdf
http://beam.berkeley.edu/sites/default/files/BEAM%20Fall%202011%20Lesson%20Plan%20-%20Polymer%20Chemistry.pdf
http://3dprint.nih.gov/discover?keys=&field_model_license_nid=1&items_per_page=24
http://3dprint.nih.gov/discover?keys=&field_model_license_nid=1&items_per_page=24
http://3dprint.nih.gov/discover?keys=&field_model_license_nid=1&items_per_page=24
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Figure 2 Tyrosine being 3D printed
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Figure 3 3D printed Tyrosine
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Earth Science
Earth Science

Unit Overview

Introduce students to comparative sizes and distances of
 the solar system bodies. At the end of the lesson,
 students should be able to make 3D printed solar
 system bodies to scale.

Grades: 7-9
Duration: 3 Ecology Model Lesson Plans
 90 Minute Blocks
 3 Days

Materials
 3D Printer
 CAD Software
 Common objects of different sizes

SOLs Standards

ES.3: Earth and Space Systems
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The student will investigate and understand the
 characteristics of Earth and the solar system. Key
 concepts include
 a) position of Earth in the solar system;
 b) sun-Earth-moon relationships; (seasons, tides, and
 eclipses)
 c) characteristics of the sun, planets and their moons,
 comets, meteors, and asteroids.

Lesson Objectives:

1. Students would demonstrate the size of the sun and
 the bodies of the solar system on a scale by drawing
 them in 2D and comparing their sizes with every day
 objects like fruits, balls or round shaped candies of
 different sizes. As an example, a fruit like watermelon
 could represent Saturn while a blue berry may represent
 Venus.
 2. Students would identify the characteristics of each of
 the planets.
 3. Students would design the solar system in 3D using
 CAD software such as Tinkercad, Nettfabb  or SketchUp
 .
 4. Students would print bodies of the solar system using
 a 3 D printer.
 5. Students will compare the size of the 3D printed
 bodies of the solar system with textbook images of the
 solar system.
 6. Students will compare the diameter and distance of
 the bodies of the solar system with regular objects on
 earth.

Essential Questions:
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1. What is the estimate of the distance between the sun
 and the earth using regular objects like number of
 school buses, number of stadia as units of
 measurements?
 2. What is the distance between the planets?

Engagement:

1. Students would explore why the sun appears as the
 same size as the moon when it is much bigger than the
 moon.

2. What is an easy way to remember the planets? “My
 very educated mother just served us nine pizzas”.3.
 Students   would discuss planet Pluto

3. Students would discuss planet Pluto.

4. Students would explore why travel to every single
 planet is not possible.

Exploration:

1. Students will draw the planets in 2D on a scale and
 compare planet sizes.
 2. Students will list the characteristics of each planet.
 3. Balls of different sizes would be brought to class and
 the students would be asked to pretend the balls were
 planets and to arrange them as they would appear on
 the solar system.
 4. Fruits of different sizes would be brought to class and
 the students would be asked to pretend the balls were
 planets and to arrange them as they would appear on
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 the solar system.
 5. Students will practice designing the solar system in
 Computer Assisted Design (CAD) software using
 Tinkercad, Nettfabb or SketchUp before printing on the
 3 D printer.
 6. Students will design a 3D model of the solar system
 using CAD software.

Elaboration:
 1. Students will print the 3 D model of the solar system
 that was designed under exploration.
 2. Students would write the name of the largest planet,
 the smallest planet and reflect on what observation
 surprised them most about the activity.

Appendix

Figure 1. Screen Shot of the Solar System on Tinkercad

Figure 2. Screen Shot of Solar System on Tinkercad
 with the ring around the Saturn planet



Earth Science

https://blogs.lt.vt.edu/stem/earth-science/[3/6/17, 2:15:25 PM]

 

Figure 3  The 3 D Printed Solar System.  The scale of
 the sun was too big to be accommodated by the printer
 and had to be reduced.

Three of the planets ( Mercury, Mars and Pluto) were too
 small to be 3D printed on the scale that was used.

Figure 4 The 3 D Printed Solar System with names of
 the planets that were printed
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Figure 5 A close up view of the planets that were
 printed
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Ecology
Ecology in High School Biology

Unit Overview

Introduce students to renewable and non-renewable
 sources of energy. At the end of the unit, students
 should be able to demonstrate several key concepts such
 as a wind turbine and 3D printing to develop a wind
 turbine.

Grades: 9-12
Duration: 5 Ecology Model Lesson Plans
 90 Minute Blocks
 16 Days

Materials
 1. Renewable/non-renewable resources for what student
 knows, what student wants to know, what student has
 learned chart
 2. Advantages and disadvantages Venn diagram
 3. 3D Printer
 4. CAD Software
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 5. Popsicle sticks
 6. Paper plates
 7. Duct tape
 8. Straws
 9. Glue Gun
 10. Small Motor (to drive the wind turbine)
 11. Tom Tacks

SOLs Standards
BIO8 and BIO9: The student will investigate and
 understand dynamic equilibria within populations,
 communities, and ecosystems.
 Key concepts include

d) The effects of natural events and human activities on
 ecosystems;

Lesson Objectives:

1) Students will understand what renewable and non-
 renewable resources are as well as what advantages and
 disadvantages are linked to each.

2) Students will be able to describe how we obtain
 energy from various renewable and non-renewable
 resources.

3) Students will be able to describe the impact various
 sources of energy have on our environment.

4) Students would explore wind power as a renewable
 energy resource.

Essential Questions:



Ecology

https://blogs.lt.vt.edu/stem/ecology/[3/6/17, 2:15:37 PM]

1. What is our greatest source of non-renewable energy?
 2. What do you think would happen if the biggest source
 of non-renewable energy runs out?
 3. What plan would you develop that would replace
 non-renewable energy sources?
 4. Is wind energy a viable option in the future of energy
 resources?

Engagement:

1. Students will provide a list of energy sources and
 divide them into renewable and non-renewable sources.
 2. Students will explore how to power devices (TV,
 radio, light bulbs, cooker, etc.) without using non-
renewable sources (coal, gas and oil).
 3. Students will describe the advantages and
 disadvantages of renewable and non- renewable sources
 in the Venn diagram.

Exploration:

1. Students are given a variety of materials (popsicle
 sticks, plates, cups, glue gun, duct tape, tom tacks, a
 small motor etc.) to use in building their own wind
 turbine.
 2. Their goal is to build a turbine that will connect to a
 voltmeter and read voltage when placed in front of a
 fan.
 3. Students will practice designing wind turbine in
 Computer Assisted Design (CAD) software using
 Tinkercad, Nettfabb or SketchUp before printing on the
 3 D printer.
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 4. Students will design a 3D wind turbine using CAD
 software.

Elaboration:

1. Find News articles that incorporate a renewable or
 non- renewable resources and critique the articles.
 2. Students will complete a reflection on the
 construction of their wind turbines.
 3. Students will 3D print the wind turbines that were
 designed under exploration.

Appendix

Figure 1 Screen Shot of the Wind Turbine on Tinkercad

Figure 2 The blades of the wind turbine that was 3D
 printed did not come out well the first time.

This is common with 3 D printing and you have to redo
 the printing.

In this case, we need to increase the width of the blades
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 of the wind turbine.
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Figure 3 The blades of the wind turbine and the
 supporting base being 3 D printed
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Figure 4 The wind turbine was printed as two separate
 pieces; the blades and the support which were then
 glued together.
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Geometry
Maths

Unit Overview

During the previous years, students would have
 progressed in their understandings of lines and
 transformations, Pythagoras’s Theorem and be able to
 use their understanding of geometry to create a 3D
 printable geometric model.

 

Grades: 9-12

Duration: 3 Geometry Model Lesson Plans

90 Minute Blocks

3 Days

 

Materials
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3D Printer

CAD Software

 

SOLs Standards

Geometry Standard G.3

The student will use pictorial representations, including
 computer software, constructions, and coordinate
 methods, to solve problems involving symmetry and
 transformation. This will include

a.) investigating and using formulas for finding distance,
 midpoint, and slope;

b.) applying slope to verify and determine whether lines
 are parallel or perpendicular;

c) investigating symmetry and determining whether a
 figure is symmetric with respect to a line or a point; and

d) determining whether a figure has been translated,
 reflected, rotated, or dilated, using coordinate methods.

 

The student will investigate and understand how
 concepts like Pythagoras’s Theorem relate to geometric
 shapes. Key concepts include

The use of different software packages like Tinker
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 CAD, Mathematica, Wolfram Alpha, netfabb, Stella,
 Steifert View, Rhino and Maya to create geometric
 models that can be sent to a 3D printer to be
 fabricated.

The creation of 3D models from equations with 3
 variables.

 

Essential Understandings

Transformations and combinations of
 transformations can be used to describe movement of
 objects in a plane.

The distance formula is an application of the
 Pythagorean Theorem.

Geometric figures can be represented in the
 coordinate plane.

Techniques for investigating symmetry may include
 paper folding, coordinate methods, and dynamic
 geometry software.

  Parallel lines have the same slope.

The image of an object or function graph after an
 isomorphic transformation is congruent to the
 preimage of the object.

 

Essential Knowledge and Skills

The student will use problem solving, mathematical
 communication, mathematical reasoning, connections,
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 and representations:

Given an image and preimage, identify the
 transformation that has taken place as a reflection,
 rotation, dilation, or translation.

 

GEOMETRY STANDARD G.4

The student will construct and justify the
 constructions of

a)  a line segment congruent to a given line segment;

b)  the perpendicular bisector of a line segment;

c)  a perpendicular to a given line from a point not on
 the line;

d)  a perpendicular to a given line at a given point on the
 line;

e)  the bisector of a given angle;

f)  an angle congruent to a given angle; and

g)  a line parallel to a given line through a point not on
 the given line.

 

Essential Understandings

Construction techniques are used to solve real-world
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 problems in engineering, architectural design, and
 building construction.

Construction techniques include using a straightedge
 and compass, paper folding, and dynamic geometry
 software.

 

Essential Knowledge and Skills

 

The student will use problem solving, mathematical
 communication, mathematical reasoning, connections,
 and representations to

Solve real-world problems given information about
 the lengths of sides and/or measures of angles in
 triangles.

 

Lesson Objectives:

 Students would explore straight lines, curved lines and
 geometric equations and relate them to real life
 structures.

1. Students would explore straight lines, curved lines
 and geometric equations and relate them to real life
 structures.

2. Students will generate geometric equations and plug
 their equations into Wolfram Alpha to view 3D
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 images of the equation.

3. Students would draw the 3 D image on a CAD
 software and 3D print it.

 

Engagement:

1. Students would watch a video by Rinus Roelofs on the
 beauty of Mathematics

https://www.youtube.com/watch?
v=j0HLwP8elh4

 

2. Students would watch the video on Mathematical
 Impressions: Curved or Straight

 Mathematical Impressions: Curved and Straight?
The elliptic hyperboloid is a beautiful quadratic surface that is “doubly ruled,”
 meaning that the surface, although curved, contains two straight lines through
 each point.

https://www.youtube.com/watch?v=j0HLwP8elh4
https://www.youtube.com/watch?v=j0HLwP8elh4
https://www.simonsfoundation.org/multimedia/mathematical-impressions-multimedia/mathematical-impressions-curved-and-straight/
https://www.simonsfoundation.org/multimedia/mathematical-impressions-multimedia/mathematical-impressions-curved-and-straight/
https://www.simonsfoundation.org/multimedia/mathematical-impressions-multimedia/mathematical-impressions-curved-and-straight/
https://www.simonsfoundation.org/
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  3 Simons Foundation

3. Students would watch videos by George Hart on
 different mathematical impressions of images in 3D.

https://www.simonsfoundation.org/?
s=mathematical+impressions

 

Exploration:

1. Students will be asked to make a scrap book of
 building with great architectural designs and show
 case the mathematical impressions in the structures.

2. Students will be asked to examine the use of triangles,
 lines and segments in designs by creating an elliptical
 hyperboloid (double cone) using shish kebab sticks
 and small rubber bands. The video on Mathematical
 Impressions: Curved or Straight shows how it is
 done.

3. Students would use an equation with 3 variables to
 create a double cone (elliptical hyperboloid). The
 students would plug in the equations in Wolfram
 Alpha to generate a 3 D figure that would now be
 printed in 3D.

 

Elaboration:

1. Students will print the 3 D model a double cone that

https://www.simonsfoundation.org/multimedia/mathematical-impressions-multimedia/mathematical-impressions-curved-and-straight/#comments
https://www.simonsfoundation.org/multimedia/mathematical-impressions-multimedia/mathematical-impressions-curved-and-straight/#comments
https://www.simonsfoundation.org/
https://www.simonsfoundation.org/multimedia/mathematical-impressions-multimedia/mathematical-impressions-curved-and-straight/#comments
https://www.simonsfoundation.org/?s=mathematical+impressions
https://www.simonsfoundation.org/?s=mathematical+impressions


Geometry

https://blogs.lt.vt.edu/stem/geometry-model/[3/6/17, 2:15:48 PM]

 was designed under exploration.

2. Students will write a reflection paper on the activities
 on the 3 D structure.

Appendix

 

 

(from copy, paste special, unformatted text options in
 Microsoft Word)

 

is now pasted into Wolfram Alpha and the 3D image
 comes out as an infinite elliptic cone.
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Students can play around with different numbers in the
 equation to see different cones.

 

Figure 1

 

Figure 2 Screen Shot of the inverted cone on Tinkered
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Figure 3 Screen Shot of  two cones side by side. The
 inverted cones could not be printed as it was in Figure
 2. Therefore, the two cones were printed side by side.

Figure 4 The Cones are being printed on a 3 D Printer
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Figure 5     The two cones are separated and glued to
 make inverted cones
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