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INTRODUCTION
The sextant is the navigational tool that has made long sea voyages 
possible since ancient times. Through modeling their own sextant 
designs in 3D software and then 3D printing them, students can gain a 
deeper understanding of the complexity of developing accurate and 
precise measurement tools. After applying their learning about angle 
formation and measurement in late elementary school, students may 
continue to use their own sextants in middle school geometry and the 
use of the Pythagorean Theorem.

This project includes several opportunities for walking around the 
school to observe tall objects around campus.

 GUIDING QUESTIONS
How can a measuring tool display a range of different angles to mea-
sure, and how can the same tool indicate the degrees of the angle I’m 
measuring?

What moving parts and stationary parts are necessary to make an angle 
measuring tool work?

 LEARNING OBJECTIVES
Students will use the Engineering Design Process to design, fabricate, 
and test a 3D printed sextant.

Students will measure and arrange accurate markings for the different 
angles on their 3D designed sextants.

Students will accurately measure angles using a common classroom 
protractor, and also measure angles using their sextants.

Students will accurately draw angles measured by their sextants,  
including endpoints of the line segments measured.

Teacher’s Guide

THE DESIGN WHEEL
The Dremel DigiLab Design 
wheel illustrates the iterative 
design thinking process using  
a series of 5 phases.

This process is vital for  
preparing students with the 
skills and experience they will 
need in industry.

Each phase is outlined,  
color-coded, and described 
throughout the lesson plan to 
guide you and your students 
through the design thinking 
process.
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CCSS.MATH.CONTENT.4.G.A.1: 
Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpen-
dicular and parallel lines. Identify these in 
two-dimensional figures. 

CCSS.MATH.CONTENT.4.MD.C.5  
(A and B): 
Recognize angles as geometric shapes 
that are formed wherever two rays share 
a common endpoint, and understand 
concepts of angle measurement.

CCSS.MATH.CONTENT.4.MD.C.6: 
Measure angles in whole number de-
grees using a protractor. Sketch angles of 
specified measure.

§111.6.b.1.A 
Apply mathematics to problems arising in 
everyday life, society, and the workplace.

§111.6.b.1.B 
Use a problem-solving model that in-
corporates analyzing given information, 
formulating a plan or strategy, determining 
a solution, justifying the solution, and  
evaluating the problem-solving process 
and the reasonableness of the solution; 

§111.6.b.7.C 
Determine the approximate measures of 
angles in degrees to the nearest whole 
number using a protractor.

§111.6.b.7.D
Draw an angle with a given measure.

§113.15.b.23.A 
Use a problem-solving process to  
identify a problem, gather information,  
list and consider options, consider  
advantages and disadvantages, choose 
and implement a solution, and evaluate 
the effectiveness of the solution.

§126.7.b.1.A:  
Create original products using a variety of 
resources.

§126.7.b.2.A: 
Draft, edit, and publish products in  
different media individually and  
collaboratively. 

§126.7.b.2.C: 
Collaborate effectively through  
personal learning communities and social 
environments.

§126.7.b.2.E: 
Evaluate the product for relevance to the 
assignment or task.

DESIGN.1 
I can be responsible for various activities 
throughout a design process within a 
group under instructor guidance. 

MODELING.1 
I can arrange and manipulate simple 
geometric elements, 2D shapes, and 3D 
solids using a variety of technologies. 

FABRICATION.1 
I can follow instructor guided steps that 
link a software to a machine to produce a 
simple physical artifact. 

SAFETY.1 
I can safely conduct myself in a Fab Lab 
and observe operations under instructor 
guidance.

Common Core 
Standards

Texas Essential Knowledge 
and Skills (TEKS) 

Fab I Can 
Statements

Education Standards

ETS1.A: 
Defining and Delimiting Engineering 
Problems: Possible solutions to a  
problem are limited by available materials 
and resources (constraints). The success 
of a designed solution is determined 
by considering the desired features of a 
solution (criteria). Different proposals for 
solutions can be compared on the basis 
of how well each one meets the specified 
criteria for success or how well each takes 
the constraints into account.

ETS1.B: 
Developing Possible Solutions: 
Research on a problem should be  
carried out before beginning to design  
a solution. Testing a solution involves 
investigating how well it performs under  
a range of likely conditions.

At whatever stage, communicating with 
peers about proposed solutions is an 
important part of the design process, 
and shared ideas can lead to improved 
designs.

Tests are often designed to identify failure 
points or difficulties, which suggest the 
elements of the design that need to be 
improved.

ETS1.C: 
Optimizing the Design Solution: Differ-
ent solutions need to be tested in order 
to determine which of them best solves 
the problem, given the criteria and the 
constraints.

NGSS
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 BASIC TIMELINE:
Introduce design challenge –  
15 minutes

Build and test crude protractor 
sextants to identify limitations 
(includes campus walks)  
– 145 minutes 

Design sextants for the 3D printer 
– 155 minutes 

Peer evaluations and redesigns  
– 90 minutes

3D printing – Time will vary

Use final sextants (includes  
campus walk) – 45 minutes

(Optional) Testing peer’s sextants – 
45 minutes

 MATERIALS
Required: 
• 3D printer and sufficient filament 
• Computers with access to  

Tinkercad.com (NOTE: One 
computer for each student is 
preferred, but students may also 
work in pairs or teams at shared 
computers).

• Paper
• Pencils 
• Graph paper 
• Rulers
• Materials to build simple craft 

sextants
 - A class set of standard  

 classroom protractors
 - String
 - Tape
 - Small slight weights, such as  

 paper clips or washers

Optional: 
• Clipboards (NOTE: If clipboards 

are not available for the Day 1 
campus walk, students can bring 
another hard writing surface like 
a textbook or place their papers 
on the ground to write).

• If your class will be taking  
advantage of the Pythagorean 
Theorem extension opportunity 
(see below), you will also need a 
long tape measure to measure 
the distance from the bottom  
of the object to the person  
measuring.

Lesson Preparation
This project includes several opportunities for walking around the school to observe tall objects around campus.
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 PREREQUISITES
This lesson assumes basic ex-
perience with the 3D modeling 
program Tinkercad. For students 
who have not yet used Tinkercad, 
consider introducing it to them 
with the 3D Design Basics in 
Tinkercad preliminary challenge, 
which includes links to Autodesk 
tutorials and other resources for 
getting started with the program.

If students have no experience 
working with Tinkercad, have 
students go to tinkercad.com. 
There they will create their own 
accounts. They will also need a 
class code to create their account 
Teachers can create classrooms, 
and class codes, at tinkercad.com/
classrooms. Once they are in their 
account, they may either go to 
Learn (if they are to learn through 
the self-guided tutorial) or Cre-
ate New Design (if guided by the 
teacher).

Learn. Tinkercad has tutorials that 
students can go through at their 
own pace. Once students are in 
their account direct them to the 
upper left corner where it says 
“Learn.” After clicking it students 
will see tutorials divided into three 
sections: Starters, Lessons, and 
Projects. Only the Starter tutorials 
are required to learn the basics in 
Tinkercad. 

This lesson assumes instructor 
familiarity with Tinkercad as well. 
In order to demonstrate how  
students’ sextants will work, it is 
necessary to have a prototype — 
feel free to use the files included 
with this lesson but consider  
creating your own as well.

 CROSS-CURRICULAR 
CONNECTIONS
This lesson integrates well with 
Social Studies. Students might 
explore how different civilizations 
developed the sextant or  
sextant-like tools (for example,  
the Egyptian “merkhet” or the 
Arabian “kamal.” You also might 
explore how navigational tools  
impacted history by allowing  
societies to travel great distances 
and interact with one another. 
 
Videos like this one by Peter Ifland 
(http://www.mat.uc.pt/~helios/
Mestre/Novemb00/H61iflan.htm) 
introduce some of the historical 
progress of using mathematics for 
navigation.  

 KEY TERMS
Angle – the space between the 
intersection of two lines 

Navigation – the process of finding 
one’s way from one place to  
another using available markers 

Sextant – a navigational instrument  
used to measure the angle between 
a line from the observer to the top 
of an object and a line from the 
observer to the horizon 
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Measure angles using a  
protractor:

The MathIsFun.com Geometry 
section on Angles  
(https://www.mathsisfun.com/
geometry/degrees.html) has great 
reviews of the basics of angles, 
angle measurement, and  
congruent angles. 

If students have never used a 
protractor before this lesson, 
consider showing the tutorial 
on IXL  (https://www.ixl.com/
math/grade-4/measure-an-
gles-with-a-protractor).

Measure angles using a sextant:

At its most basic, a sextant is read 
by looking along the top of the 
sextant toward the top of the  
object you are measuring.  
The attached plumb line hangs 
straight down, pointing towards 
the angle that marks the angle of 
inclination toward the top of the 
object you’re measuring. When 
using a protractor to make a crude 
sextant, the angle measurement 
will be off by 90° because of the 
way the protractor is marked. 

For example, if a protractor were 
being used in the picture below, 
the plumb line would be pointing 
towards approximately 70°.  

However, the angle is clearly 
much more acute than that.  
You should treat the 90° mark 
on the protractor as your “0” and 
measure the degrees away from 
90. Since 90 minus 70 is 20, then 
20 degrees is the actual angle of 
inclination to the top of the ob-
ject pictured. The first minute of 
this video (https://www.youtube.
com/watch?v=unSnBkSZkK4) 
also demonstrates how to do this 
calculation, and continues on to 
show how to use the Pythagorean 
Theorem to then calculate the 
height of the object, a possible 
extension opportunity for this 
lesson (see figure below).
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Assessment Rubric
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Initial Design Plan

Design plan is 
neat with clear 
measurements 
and labeling for 
all components

Sextant meets 
all of the criteria 
and constraints. 
All pieces move 
easily and is easy 
to read

Design is 
complete and 
meets the criteria 
for the project

Data collected  
in an organized,  
clearly labeled table 
and displayed in 
appropriate graph 
that included
all labels

Design plan is 
neat with clear 
measurements 
and labeling 
for most 
components

Sextant 
adequately 
meets the criteria 
and constraints. 
Users can read 
measurements, 
but pieces do not 
move easily

Design has minor 
flaws or meets 
most of the 
criteria for the 
project

Data collected 
in a table and 
displayed in 
an appropriate 
graph with minor 
omissions

Design plan 
is messy but 
provides 
measurements 
and labeling 
for most 
components

Design plan  
does not show
measurements
clearly and/or is 
missing most or 
all labels

Sextant functions 
 well, but can be 
hard to read

Design has minor 
flaws and does 
not meet all of 
the criteria for 
the project

Design has major 
flaws and does 
not meet the 
criteria for the 
project

Sextant does 
not function as 
required. The 
pieces do not 
move and it is 
difficult to read 
measurements

Data collected 
in a table and 
displayed in 
an appropriate 
graph with major 
omissions

Data table
is incomplete 
and/or graph is 
inappropriate.

Level 4 
(most successful) Level 3 Level 2 Level 1 

(least successful)

CAD Design

Function

Data Collection
(if required)

Assessment 
Category & Criteria

Clear evidence of 
troubleshooting, 
testing, and 
refinements based 
on data or scientific/
engineering 
principles

Explanation shows 
a clear and accurate 
understanding 
of construction 
and modification 
concepts

Clear evidence of 
troubleshooting,
testing and 
refinements

Clear evidence of 
troubleshooting,
testing and 
refinements

Some 
evidence of 
troubleshooting, 
testing and 
refinements

Some evidence 
of troubleshooting, 
testing and 
refinements

Little or no 
evidence of 
troubleshooting, 
testing or 
refinement

Little or no 
evidence of 
troubleshooting, 
testing or 
refinement

Design 
Modification Plan 

(if required)

Subject  
Knowledge



Assessment Rubric  (continued)
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Critical Thinking

Excellent 
interpretation 
of data with 
accuracy.  
Provided strong 
evidence when 
explaining merits 
of the design

Completed partner 
evaluation tasks in 
an organized and 
timely manner.  
Participated in 
partner discussions 
respectfully and 
without argument

All work is 
original. Paper 
cut design is 
unique, displays 
symmetry and 
in one piece

Effectively uses 
a variety of 
communication 
tools, including 
verbal and 
nonverbal, to 
express thoughts 
and ideas.  Listens 
respectfully to 
others and is willing 
to compromise to 
move the group 
forward

Adequate 
interpretation 
of data.  Design 
merits discussed 
using adequate 
evidence

Most tasks were 
completed in a 
timely manner. 
Participated in 
partner discussions 
respectfully
with minimal 
disagreement

Most work is 
original.  Paper 
design is in once 
piece, but has 
some similarities 
to other artwork 
or only displays 
marginal 
symmetry

Adequately uses 
communication
tools to express 
thoughts and 
ideas. Listens 
to others and 
demonstrates 
ability to 
compromise

Most of the data 
is interpreted 
correctly. Design 
merits discussed 
with limited 
evidence

Misinterpretation 
of data and/
or little or no 
evidence used 
when discussing 
design merits

Student had some 
difficulty working 
with partners.  
Student had
difficulty staying 
on task for partner 
evaluations without 
some arguments.

Design does not 
display symmetry 
or  has many 
similarities to 
other designs

Design is not in
one piece. Paper 
cut design is 
mainly a copy of 
another design

Student could 
not get along 
and work 
together with 
partner

Uses communica-
tion tools to 
inform. Listens 
to others and is 
somewhat willing 
to compromise

Communication 
does not fully 
inform. Generally, 
has difficulty 
listening to 
others and 
compromising, 
creating difficulty 
within the group

Level 4 
(most successful) Level 3 Level 2 Level 1 

(least successful)

Creativity

Collaboration

Communication

Assessment 
Category & Criteria



Assessment Rubric  (continued)
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Level 4 
(most successful) Level 3 Level 2 Level 1 

(least successful)
Assessment 

Category & Criteria

Modified design 
was based on data 
from earlier design.  
Improvements 
are obvious and 
supported by data

Modified design 
was based 
on data from 
earlier design. 
Improvements 
are obvious 
and are partially 
supported by 
data

Modified 
design based 
on partial data.  
Improvements 
are not clearly 
supported by 
data

No attempt to 
modify design

Design
Modification  

Results  
(if required)

Notebook
includes complete 
details of planning, 
construction, 
testing, 
modifications with 
rationale, and 
reflection about the 
strategies and the 
results

Notebook 
includes 
complete 
details of 
planning, 
construction, 
testing, 
modifications, 
and rationale for 
modifications

Notebook
includes some 
detail about 
planning, 
construction, 
testing, 
modifications, 
and rationale for 
modifications

Notebook 
includes 
little or no detail 
about planning, 
construction, and 
testing process

Design Notebook 
Contents   

(if required)
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DAY 1
No computers needed, leaving 
the classroom (45 minutes)

(NOTE: Print enough copies of 
the Tall Objects student sheet for 
each student. If you will choose 
tall objects ahead of time, write 
the names of those objects on 
your master copy of the Tall  
Objects student sheet before 
making copies for each student.  
If clipboards are available, have 
them on-hand.)

Introduce design challenge. 

Ask students to share a few  
examples of tall objects around 
campus. This can be a quick “ 
popcorn” share. Examples might 
be a flagpole, a tall tree, the peak 
of a building, or any other object 
that stands out. Tell students that 
they will begin to use their learning 
about angles and protractors to 
measure the angles from the top of 
a tall object to a standing position 

some distance away from that 
object. For example, they might 
stand near a bench on campus, 
and measure the angle between 
the line from themselves to the 
top of the flagpole and the line 
from themselves to the bottom of 
the flagpole. (5 minutes)

Distribute the Tall Objects stu-
dent sheets and pencils, as well 
as clipboards if available. Tell 
students that they will go on a 
quick walk around the school to 
identify a few tall objects that they 
can use for measuring angles. Tell 
the students that they will also 
be identifying nearby reference 
objects that they can use to help 
make sure they’re always mea-
suring from about the same spot. 
You might choose between these 
three options for structuring the 
tall objects selection:

1. You have chosen the three 
objects, and the class will visit 
those three.

2. The class will walk around 
campus, and together choose 
three objects that all students 
will use to measure angles.

3. The class will walk around 
campus, and individual or 
pairs of students can select 
their three objects from several 
that the class identifies.

Have students gather their Tall 
Objects student sheets, pencils, 
and clipboards if available, and 
escort the class on a tour of  
campus to identify tall objects. 
Have them complete the Tall 
Objects student sheets as they 
identify each object, and draw  
the angle that they will later be 
measuring.

When students have identified 
all three objects and reference 
objects, and have drawn their 
sketches, return to class, and save 
their Tall Objects student sheets 
for the next day. (40 minutes)
 

Procedure
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DAY 2
No computers needed  
(45 minutes)

(NOTE: Have the protractors, 
string, tape, and small slight 
weights like paper clips or washers 
available. Print enough copies of 
the Building a Protractor Sextant 
sheet for each student.)

Tell students that today they  
will build very basic tools for  
measuring the angle to the top  
of a tall object, and that they will 
look for the limitations of those 
tools while using them the next 
day. Although a very simplified 
version, one name for the type 
of tool they are building is a 
“sextant.” Similar tools are the 

“Astrolabe” and “Quadrant.” (This 
would be a good place to inte-
grate studies of the historical and 
cultural importance of such tools, 
as outlined in the Cross-Curricular 
Connections section of this lesson).

Distribute the Building a Pro-
tractor Sextant student sheet. 
Distribute one protractor, a piece 
of string about 1-foot long, and 
a handful of small slight weights 
to each student, and have tape 
available.

Give students about 20 minutes 
to build their protractor sextants, 
which should be sufficient time for 
the simple construction. 
(20 minutes)

Do not yet give explicit instructions 
on how to read the protractor 
sextant. Allow students the rest of 
the period to experiment with the 
sextant and see what kinds  
of readings they find. This free 
exploration will help students  
better understand how real  
readings work later.

Have students practice using their 
protractor sextants to find angles 
within the classroom, such as 
between the line from a seated 
position on the floor to the top of 
the whiteboard and the line from 
a seated position on the floor 
to the base of the wall directly 
under the whiteboard. Have them 
complete the bottom section of 
the Building a Protractor Sextant 
sheet, which resembles the Tall 
Objects sheet (see figure below).  

(CCSS.MATH.CONTENT.4.MD.C.5 (A and 
B), CCSS.MATH.CONTENT.4.MD.C.6, 
CCSS.MATH.CONTENT.4.G.A.1)

Students may begin to notice that 
the angle measurements don’t 
seem to make sense; that objects 
that are clearly at angles low to 
the ground give plumb readings 
close to 90°, and that objects 
that are clearly high and require 
angling the protractor sextant far 
up give plumb readings close to 
0, or even close to 180, depending 
on how the student reads the 
protractor. 

If students do not notice  
irregularities with their  
measurements, that’s okay.  
The class will revisit during  
the next period. 
(25 minutes)



DAY 3
No computers needed, leaving 
the classroom (45 minutes)

(NOTE: Have the student’s  
protractor sextants, Building A  
Protractor Sextant sheets, and  
Tall Objects sheets, and pencils 
prepared. Include clipboards  
if available. Again, do not give 
students instructions on reading 
the protractor sextants beyond 
what is on the Building a Protractor 
Sextant sheet.)

Distribute or have students get  
out their Tall Objects sheets,  
Building A Protractor sheets, 
and their protractor sextants. Tell 
students that they will use their 
protractor sextants to revisit the tall 
objects they identified on Day 1, to 
try to measure the angle between 
the two lines they drew on their 
Tall Objects sheets. 

Have students gather their Tall 
Objects student sheets, Building 
A Protractor Sextant sheets, the 
protractor sextants themselves, 
pencils, and clipboards if available, 
and escort the class to the identi-
fied tall objects around the school. 
Have them stand or sit near their 
reference objects and try to  
use their protractor sextants to 
measure the angle to the top of 
each tall object. Have students 
write their angle measurements  
on their Tall Objects sheets.

This may be frustrating to  
students who begin noticing  
that their readings do not  
seem to make sense. Allow  
this frustration to occur, and  
tell frustrated students that  
they’ll discuss their different  

measurements back in class.  
Return to class after students  
have visited and measured at all 
three sites. These should be quick 
visits without lingering. 
(20 minutes)

Finish the class period by having 
students share how they used 
their protractor sextants. What 
were some of the angles that they 
measured? What were some of the 
challenges with using the protrac-
tor sextant? Lead students towards 
identifying the following:

• The protractor has readings 
in both directions, so 70° and 
110° are at the same spot on 
the protractor, and on both 
sides of 90°. It might be con-
fusing to know which one is the 
“right” measurement.

• Objects that are clearly at 
angles low to the ground give 
plumb readings close to 90°, 
even though a very acute angle 
should be close to 0°.

• Objects that are clearly  
high and require angling the 
protractor sextant far up give 
plumb readings close to 0, 
or close to 180, depending 
on how the student reads the 
protractor, even though they 
should be close to a right angle.

• Tape doesn’t allow the string to 
be attached easily to the very 
center of the zero line on the 
protractor, and can get in the way 
of the string swinging freely. 

• String is easily tangled, dam-
aged, and blown in the wind.

Record these thoughts and others 
that the students may include on the 
chalkboard or whiteboard, and save 
those recordings for the next day.

Tell students that their protractor 
sextants are exceptionally crude 
measurement tools, and that part 
of their current project will include 
3D designing and printing a better 
tool for measuring these angles. 
(20 minutes)
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DAY 4
No computers needed 
(45 minutes)

(NOTE: Be sure that the students’ 
list of complaints about the  
protractor sextants is still on the 
chalkboard or whiteboard. Have 
students’ Tall Objects sheets and 
Building a Protractor Sextant 
sheets available. Have students’ 
protractor sextants available, 
paper and pencils available for 
brainstorming.)

Ask students to look back over 
the list of complaints about the 
protractor sextants, and to share 
if they have thought of any other 
challenges with using those tools. 
Explain to students that there’s 
one aspect of using the protractor 
sextant that you hadn’t discussed, 
because it’s a somewhat confusing 
technique. Because you hold the 
protractor upside down to look  
towards the top of the tall object, 
90° and 0° are reversed. That is, 
when looking straight forward at 
0 degrees of inclination, the plumb 
points down towards 90. When 
looking straight up at a 90° angle, 
the plumb points down towards 
0. Using a protractor sextant to 
find an actual angle of inclination, 
you must take the reading from 
the protractor and subtract it from 
90. If the protractor sextant plumb 
points toward 70, then the angle of 
inclination is actually 20 degrees. 
If the protractor sextant plumb 
points toward 40, then the angle of 
inclination is actually 50°.

Besides subtracting from 90, it is also important for students to review 
here how congruent angles relate to using the protractor sextant, or any 
sextant. The angle between the plumb line and the 90° line of the pro-
tractor is congruent to the angle between the line segment from you to 
the top of the tall object and the line segment from you to the bottom of 
the tall object (see figure below).

Have students revisit their Tall Objects sheets and Building a Protractor 
Sextant sheets, and recalculate the angles of inclinations for the tall  
objects around school and for the objects they measured within the 
classroom. They should subtract their plumb measurements from 90  
to find the actual angles of inclination. 

Also have students mark the congruent angles on both of their sheets 
(see figure below).

(25 Minutes)
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After completing the re-calculations, 
return students’ attention to the 
list of challenges with using the 
crude protractor sextants. Tell  
students that they will be 3D 
designing and printing a better 
tool for measuring these angles. 
Before they begin designing, they 
will need to spend some time 
brainstorming some ideas for  
how to overcome the challenges. 
 
(§111.6.b.1.A, §113.15.b.23, ETS1.B)

Number the challenges listed 
on the whiteboard. Add the four 
design requirements from this les-
son’s Design Challenge to the list.

• A 90° arc with angles marked 
at useful intervals. Every 10° 
could be a good interval.

• A “sight” through which to 
observe the top of the object, 
in line with the 0° angle of the 
arc.

• The “sight” should be  
arranged so that looking 
straight ahead gives a 0° angle 
reading and looking straight 
up gives a 90° angle reading.

• An arrow or other indicator 
that rotates freely around the 
vertex of the arc and will point 
straight down to indicate the 
angle between the two line 
segments from the vertex of 
the arc straight down, and 
from the vertex of the arc 
towards the top of the tall 
object. 

Distribute paper and pencils. 
Have students work in pairs to 
brainstorm solutions that 3D 
design and printing could allow 
to improve the sextant. Encourage 
them to think creatively. A new 
design doesn’t have to be in the 
exact same shape as the crude 
protractor sextant. And a 3D 
design doesn’t have to be all one 
piece. It might be several pieces 
that go together. 
 
(ETS1.A)

Give students 5–10 minutes to 
brainstorm with one partner, then 
have them rotate partners to  
continue brainstorming in a new 
pairing. Have each student write 
down all the ideas so that each  
student has their own  
brainstorming page at the end.
  
(§126.7.b.2.C)

As the period ends, ask students to 
share a few of their favorite ideas; 
ideally, one favorite idea from each 
student. (20 minutes)

 PHASE 1
CONCEPTUALIZE 
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SEXTANT | 12

DAY 5
No computers needed 
(45 minutes)

(NOTE: Be sure that the students’ 
list of complaints about the  
protractor sextants is still on the 
chalkboard or whiteboard. 
Have all of students’ materials 
available, as well as fresh paper 
and pencils.)

Have students get out their brain-
storming sheets from the previous 
day. Pair students in new pairings, 
different from the pairings the 
previous day, to share their ideas. 
Students should add their new 
partners’ ideas to their own  
brainstorming sheets. You might 
do this two or three times, rotating 
pairings each time to maximize 
students mixing their ideas. 
(20 minutes)

Give students clean sheets of 
graph paper. Students should 
now use their brainstorming 
sheets to draw a first draft of a 
new design for a better sextant. 
Encourage them to use the grids 
and a ruler to include precise 
measurements. Designs should 
be neat and labeled.

Remind students to revisit the 
list of complaints and be sure 
that they are solving as many of 
those problems as possible. As 
you circulate while they draw, ask 
students to show you how they 
are solving the different problems 
they identified, and how they’re 
meeting the four design  
requirements you added to  
the list.

• A 90° arc with angles marked at 
useful intervals. Every 10° could 
be a good interval.

• A “sight” through which to 
observe the top of the object, in 
line with the 0° angle of the arc.

• The “sight” should be arranged 
so that looking straight ahead 
gives a 0° angle reading and 
looking straight up gives a 90° 
angle reading.

• An arrow or other indicator that 
rotates freely around the vertex 
of the arc and will point straight 
down to indicate the angle 
between the two line segments 
from the vertex of the arc straight 
down, and from the vertex of the 
arc towards the top of the tall 
object. (25 minutes)
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DAYS 6 & 7
Computers with access  
to TinkerCAD needed 
(45 minutes)

(NOTE: Be sure that the students’ 
list of complaints about the  
protractor sextants is still on the 
chalkboard or whiteboard.  
Have students’ first design drafts 
available.)

Tell students that today they will 
begin to design their new sextants 
within Tinkercad. 
 
(DESIGN.1, MODELING.1)

Have students access Tinkercad  
on their computers, then return 
students’ first drafts. Have them 
create a new design file  
(recommended name:  
“[Name]’s Sextant”).

Students may next want to edit 
their grid to match the size of the 
buildplate of their 3D printer by 
clicking Edit Grid in the bottom 
right corner of the page.

 PHASE 2
3D DESIGN
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This student was utilizing a 
Dremel 3D45 that has a build 
plate area of 254 millimeters by 
154 millimeters.

Students should now construct 
their sextant pieces, keeping in 
mind the size limits of their 3D 
printer’s build plate. If students 
have prior 3D printer exposure, 
they may know about overhang 
– that objects that are printed 
above the buildplate cannot 
always be printed on their own – 
they may require support structure 
to print, if they can be printed  
at all. Students’ designs should  
already be taking this into account, 
but as you see each student’s  
design, keep this fact in mind  
and, if needed, ask them how they 
could alter their design to make a 
more successful print.

In the picture above, the red 
box has no overhang, while the 
orange cylinder has overhang 
on the sides as the narrow part 
touching the buildplate gets wider 
as it rises towards  the middle of 
the cylinder.



Give students the bulk of the class 
period to work on their designs, 
using the sketches they already 
created. As you circulate while 
they design, ask students to show 
you how they are solving the 
protractor sextant problems and 
solving the four design require-
ments you added to their lists. 

If they are getting stuck, suggest 
they think about what shapes can 
be combined (using the grouping 
tool) or taken apart (using the hole 
tool) to create the shape in their 
sketch. For example, they might 
drag a cylinder into their work 
space and change the height. 

To delete part of a shape students 
can use the hole tool. To do this 
they will need to drag out a shape 
(in this example a box is used), 
change its fill from “solid” to 
“hole,” and select both shapes.
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Then they can use the grouping 
tool by clicking on the “Group” 
button or using “Ctrl+G.”



The rest of the sextant design is 
much simpler than the foundation. 
The text and lines can be created  
by resizing red cubes to thin 
strips. The numbers are made 
using the text tool. These are then 
rotated to match their degree. 
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The scope is a solid cylinder with 
a hold cylinder grouped together. 
Resize to fit the sextant.

The plumb and attachment are 
also simple. For the attachment 
place a small cube in the corner, 
along with a small cylinder. Raising 
the cylinder allows the plumb to 
hang freely. Group the base, cube, 
and cylinder together.

Lastly, the plumb consists of  
four shapes; solid cylinder, hold 
cylinder, solid cube, and the 
pointer tool. This last piece can 
be designed in unique ways, as 
shown below in this student’s 
design.

Since the sextants will be some-
what complex designs, students 
will likely need two class periods 
to complete their first designs.  
(90 minutes)



PHASE 3
PROTOTYPE

DAY 8
Computers with access  
to Tinkercad needed  
(45 minutes)

 (NOTE: Have students’ first  
design drafts available. Prepare 
copies of the Partner Sharing 
Sheet for each student.)

Tell students that today they  
will review each other’s sextant 
designs, looking for whether the 
designs solve the problems they 
identified and meet the four de-
sign requirements. Have students 
access Tinkercad on their computers 
and open their sextant files. 

(ETS1.A, ETS1.B, §126.7.b.2.C )

Distribute the Partner Sharing 
Sheet, and have students form 
partner groups to share their 
designs. The Partner Sharing 
Sheet will guide students through 
identifying whether and how their 
partners’ designs are meeting the 
four design requirements, as well 
as offer questions to push their 
partners’ designs further.  
(5 minutes)

One partner should show their 
design while the other partner 
completes the sheet and asks 
questions. Each partner will have 
15 minutes to share. 
(30 minutes)

After each student has shared 
with a partner, have students 
return to their own computers. 
Have them rotate their sextant 
designs for optimal viewing. Then 
have each student print the image 
of their design either by going to 
the print menu of their internet 
browser, or by taking a screenshot 
using a program like Snipping 
Tool in Windows 10 and printing 
from the screenshot program.  
Attach the printout to their  
partner’s Partner Sharing Sheet. 
(10 minutes)

Collect the printouts and Partner 
Sharing Sheets. 

(Once collected, this is also an  
opportunity for the teacher to 
review the designs. Use the  
Mid-Point Rubric to assess the 
designs so far, then attach each 
student’s Mid-Point Rubric to their 
printout and Partner  
Sharing Sheet.)
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GENERAL 3D TIPS AND GUIDANCE 
1.  PREPARATION: Before any fabrication can occur, check to make sure that 
enough correct filament is loaded. Also make sure the print bed is clear of 
debris and level, and that the nozzle height (Z Gap/Axis offset) is properly set.

2. ORIENTATION: Some objects have more successful prints in different 
orientations. For example, if an object is long, it is optimal to print on its side. 
This ensures the material has more time to cool so the next layer will adhere 
more successfully.

3. EXTRA COPIES: If time permits and the object is delicate, place a few on the 
same build plate in case one is broken during removal.

4. BED ADHESION: Delicate and flat objects may warp or curl on the build 
plate. Enable a raft in the slicing software to prevent any deformation.

5.  GRAIN: Like wood, 3D prints are stronger in some orientations. Identify 
where the stress will come from and adjust accordingly.

6. PROTOTYPE: Initial prints can be made at lower resolutions (such as 
200-micron layers) to test proper fit and function. This will save material and 
time. Save higher resolutions for the final print.

7. TEMPERATURE: Keep the doors of the 3D printer closed and ensure the 
room the printer is in will not have drastic temperature fluctuations. Strong 
drafts or changes in HVAC systems can cause problems in the 3D print.

8. REMOVAL: Only remove the object once the printer and build plate have 
cooled (usually 10-15 minutes). Carefully remove the build plate and apply  
force with the object removal tool. For more details on object removal and more 
3D printing tips, go to https://digilab.dremel.com/service-3d45-print-quality
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https://digilab.dremel.com/service-3d45-print-quality 


PHASE 4
TEST & LEARN

DAY 9
Computers with access  
to Tinkercad needed  
(45 minutes)

(NOTE: Have students’ printouts, 
Partner Sharing Sheet, and  
Mid-Point Rubric ready to return.)

Before students go to their  
computers, return students’ items 
from the Day 8 sharing activity, 
and give the class time to review 
their feedback. Ask a few students 
to share an idea or suggestion 
from their feedback that they are 
excited to incorporate into their 
design. (10 minutes)

Have students access Tinkercad 
on their computers and open their 
sextant files. Remind students to 
first ask their nearest neighbors 

for ideas if they get stuck, but  
emphasize that each student 
should only touch their own  
computer and mouse. You might 
say, “A friend can give advice, 
but can’t do it for you. ‘Helping’ 
doesn’t mean ‘doing it for you.’”

Have students spend the rest  
of the class period integrating 
feedback into their designs. As 
you circulate, continue to have 
students show you how their 
designs meet the four design 
requirements. As students  
complete their designs they may 
start printing them on the 3D 
printer. Encourage all students  
to finish up designing by the end 
of class so that you can finish 
printing their files for the next 
activity. (35 Minutes)

 (FABRICATION.1, SAFETY.1)
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PHASE 5
RE-DESIGN

DAY 10
No computers needed,  
leaving the classroom.  
(45 minutes)

(NOTE: Have students’ 3D prints 
ready to return, as well as fresh 
copies of the Tall Objects student 
sheet.)

Begin with a class discussion  
about the 3D printing process,  
asking students to share what 
was surprising about 3D design, 
and what was challenging about 
moving from a pencil-and-paper 
drawing to a 3D model on the 
computer.

Then, hold up a few examples of 
their printed sextants, and have 
students observe and share how the 
example sextants met the design 
requirements. (10 minutes)

Distribute the 3D printed sextants, 
and distribute the fresh copies 

of the Tall Objects sheets, as well 
as the old Tall Objects sheets for 
which they used their crude pro-
tractor sextants. 

Have students gather their new 
and old Tall Objects student 
sheets, their new 3D printed 
sextants, pencils, and clipboards 
if available, and escort the class to 
the identified tall objects around 
the school. Have them stand or sit 
near their reference objects and 
try to use their 3D printed sextants 
to measure the angle to the top 
of each tall object. Have students 
draw their angles, write their an-
gle measurements, and label their 
congruent angles on their Tall 
Objects sheets. (35 minutes)

Collect the final Tall Objects 
student sheets to assess students’ 
final skills in drawing angles and 
identifying congruent angles.

(§111.6.b.7.C, §111.6.b.7.D, CCSS.
MATH.CONTENT.4.G.A.1, CCSS.MATH.
CONTENT.4.MD.C.6)
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DAY 11
No computers needed, leaving 
the classroom (OPTIONAL) 
(45 minutes)

This optional activity may give 
students additional practice with 
measuring and drawing angles, 
as well as extra information for 
your assessment of the 3D print-
ed sextants in the form of peer 
assessments.

(NOTE: Have students’ 3D prints 
ready to return, as well as copies of 
the Tall Objects – Sharing Sextants 
student sheet for each student. 
Create a rotation for students to 
try each other’s sextants ahead of 
time, to reduce confusion later.)

Tell students that they will have an 
opportunity to try each other’s 3D 

printed sextants. They will revisit 
each of the three tall objects, and 
try a different classmates’ sextant 
at each object. 

Distribute the Tall Objects –  
Sharing Sextants sheets and tell 
the students whose sextants they 
will be using at each object. Have 
students write down which sextant 
they will use at each object. Next, 
distribute their 3D printed sextants.

Have students gather their Tall 
Objects – Sharing Sextants  
sheets, their own 3D printed 
sextants, pencils, and clipboards if 
available, and escort the class to 
the identified tall objects around 
the school. Have them stand or 
sit near their reference objects 
and try to use their assigned 
classmate’s 3D printed sextants 
to measure the angle to the top 

of each tall object. Have students 
draw their angles, write their  
angle measurements, and label 
their congruent angles on their 
Tall Objects – Sharing Sextants 
sheets. Note that these sheets 
also have space for students to 
write what about each classmate’s 
sextant made it easy to use. 
(45 minutes)

Collect the final Tall Objects – 
Sharing Sextants sheets for extra 
information for your assessment 
of the 3D printed sextants in the 
form of peer assessments.

Encourage students to save their 
sextants, or save the sextants  
for them, to use in additional  
geometry learning in later grades.
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 THE CHALLENGE
Design a tool that will allow you to 
measure a building or landmark. 
Your device must let you find the 
angle between two line segments:

1) from you to the bottom of  
a tall object, and

2) from you to the top of the 
same tall object, where you 
are the common endpoint of 
those two line segments.

 MATERIALS
• Pencil
• Graph paper for sketching
• Ruler for measuring
• Computer with internet access 

to use TinkerCAD – a free 3D 
design software

• 3D printer and filament

 GUIDING  
 QUESTIONS
How can a measuring tool display 
a range of different angles to 
measure, and how can the same 
tool indicate the degrees of the 
angle I’m measuring?

What moving parts and stationary 
parts are necessary to make an 
angle measuring tool work?

 CRITERIA
The sextant must include a 90° arc 
with angles marked at useful  
intervals. Every 10° could be a 
good interval. 

The sextant must include a “sight” 
through which to observe the top 
of the object, in line with the 0° 
angle of the arc. 

The “sight” should be arranged so 
that looking straight ahead gives 
a 0° angle reading and looking 
straight up gives a 90° angle 
reading. 

The sextant must include an arrow 
or other indicator that rotates 
freely around the vertex of the  
arc and will point straight down 
to indicate the angle between the 
two line segments from the vertex 
of the arc straight down, and from 
the vertex of the arc towards the 
top of the tall object

 CONSTRAINTS
The tool must be able to printed 
on the available 3D printer in less 
than three hours.

Sextant Design Challenge
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Tall Object #1: ___________________________  Nearby Reference Object #1: _____________________

In the space below, sketch the tall object, nearby object, and yourself standing beside the reference  
object. Draw a line segment from you to the top of the tall object, another line segment from you to the 
bottom of the tall object (it should be horizontal), and mark a slightly larger dot to show the vertex of 
those two lines.

Tall Object #2: ___________________________  Nearby Reference Object #2: _____________________

In the space below, make a similar sketch for these two objects. 

Tall Object #3: ___________________________  Nearby Reference Object #3: _____________________

In the space below, make a similar sketch for these two objects. 

MEASURING TALL OBJECTS WORKSHEET
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Your Name: ____________________________________  



BUILDING A  
PROTRACTOR  
SEXTANT 
Use a protractor, tape, string,  
and a small weight like a  
paperclip or washer to make  
a “sextant” for measuring the  
angles of inclination from  
where you stand to the top  
of tall objects.

Tie one end of the string to your 
small weight, and tape or tie the 
other end of the string to the top 
center of the protractor. The string 
with the weight is called a plumb, 
which means a weighted line used 
to find the exactly vertical direc-
tion. It will always point straight 
down, no matter how you tilt the  
protractor. 

Look at the top of a tall object 
along the flat line of the protractor, 
and read the angle that the plumb 
reaches to determine the angle 
of inclination from you to the top 
of that object.
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Classroom Tall Object #1: __________________  Classroom Reference Object/Spot #1: ______________

In the space below, sketch the tall object, reference object, and yourself standing or sitting beside the  
reference object. Draw a line segment from you to the top of the tall object, another line segment from 
you to the bottom of the tall object (it should be horizontal), and mark a slightly larger dot to show the 
vertex of those two lines.

What is the angle that your plumb line points to on your protractor sextant? ________________    _________

What is the angle that your plumb line points to on your protractor sextant? ______________________

Tall Object #2: ___________________________  Nearby Reference Object #2: _________________________ 

In the space below, make a similar sketch for these two objects. 

MEASURING CLASSROOM OBJECTS WORKSHEET
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Your Name: ____________________________________  



How are angle intervals marked? What are the angle intervals (every 10 degrees? Every 5 degrees?)

Questions? Suggestions?

Questions? Suggestions?

Questions? Suggestions?

How is the “sight” designed? Will it help the user line up the sextant with the top of the tall object?

 
Does looking straight forward give a “0 degrees” measurement? Does looking straight up give a  
“90 degrees” measurement?

PARTNER SHARING WORKSHEET 
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Designer Name: _________________________    Partner Giving Feedback: _______________________



How does the sextant indicate the angle measurement? How does the indicator swing freely to always 
point down, like a plumb?

Questions? Suggestions?

Questions? Suggestions?

Overall, does it look like you would be able to use this sextant? Why, or why not?
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Arc with intervals?

Has a 90 
degree arc with 
clearly labeled 
intervals, with 
a high degree 
of accuracy and 
precision better 
than 10 degrees

Has a creatively 
designed 
indicator 
that makes it 
especially easy 
to read the angle 
measured

Has a creatively 
designed “sight” 
that helps the 
user more easily 
look at the top of 
the object

Has labeled 
accurately drawn 
line segments as 
well identified an 
angle vertex

Able to identify 
and label 
congruent angles 
on the drawings 
in addition to the 
two main angles

Has a 90 
degree arc with 
clearly labeled, 
accurately spaced 
intervals

Has an indicator 
that moves easily 
to allow the user 
to see the angle 
measured

Has a basic 
“sight” to help 
the user look at 
the top of the 
object

Is able to both 
accurately draw 
the relevant line 
segments and 
identify an angle 
vertex

Able to identify 
and label the two 
main congruent 
angles on the 
drawings

Does not have 
a 90 degree 
arc with clearly 
labeled, 
accurately 
spaced intervals

Does not have 
an indicator that 
moves easily to 
allow the user 
to see the angle 
measured

Does not have 
a “sight” to help 
the user look at 
the top of the 
object

Is not able to 
either accurately 
draw the relevant 
line segments or 
identify an angle 
vertex

Not able to 
identify and label 
congruent angles 
on the drawings

Exceeds 
requirement

Meets 
requirement

Does not meet 
requirement

Teacher 
Suggestions

Sight?

Rotating indicator?

Drawing angles?

Congruent angles?
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Mid-Point Assessment Rubric
Assessment 

Category & Criteria



SHARING SEXTANTS

Tall Object #1: ___________________________  Nearby Reference Object #1: _____________________

Whose sextant are you using? ____________________________________________________________

What are two features of this sextant that make it a good angle-of-inclination measurement tool?

Tall Object #2: ___________________________  Nearby Reference Object #2: _____________________

Whose sextant are you using? ____________________________________________________________

What are two features of this sextant that make it a good angle-of-inclination measurement tool?

In the space below, draw the line segments and vertex for these objects.

Angle between those two line segments: ___________________

In the space below, draw the line segments and vertex for these objects.

Angle between those two line segments: ___________________
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Your Name: ____________________________________  



SHARING SEXTANTS

Tall Object #3: ___________________________  Nearby Reference Object #3: _____________________

Whose sextant are you using? ____________________________________________________________

What are two features of this sextant that make it a good angle-of-inclination measurement tool?

In the space below, draw the line segments and vertex for these objects.

Angle between those two line segments: ___________________
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