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Science through LEGO Engineering

Prep Lesson

Prep
Lesson

Introduction to Engineering with LEGO
Materials

Suggested Time
!!!!!!!!!!!!
Lesson Overview

Two 60-minute sessions
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
In the first session, students will first be introduced to the engineering
design process and its results in the world around us. They will also learn
the names and uses of the LEGO pieces commonly used for LEGO
engineering challenges. In the second session, students will build freely
with the LEGO pieces to practice the different methods of LEGO
construction. They will share their creations with their classmates.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
By the end of these two sessions, students will be able to:
1) a. Define engineering design as the process of creating solutions to
human problems through creativity and the application of math and
science knowledge.
b. List and explain the following steps of the engineering design
process:
i. Identifying a problem
ii. Researching possible solutions
iii. Picking the best solution
iv. Building a prototype
v. Testing the prototype
vi. Repeating any steps needed to improve the design
2) Identify the name and function of LEGO building pieces, including
beams, bricks, plates, axles, connector pegs, and bushings.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Engineering Design
Engineers typically work together to solve the problems that face
society. Engineering design is the process of creating solutions to
human problems through creativity and the application of math and
science knowledge. The basic steps within the design process include:
i. Identifying a problem –
Observing a problem and seeing a need for a solution
ii. Researching possible solutions –
Coming up with ideas to address the problem
iii. Picking the best solution –
Determining which idea best addresses the problem. This
decision may involve monetary, practicality, material, and
property concerns.
iv. Building a prototype –
Build a working model of the picked solution
v. Testing the prototype –
Be sure the working model solves the problem and holds up to
any important material property tests

!!!!!!!!!!!!
Learning Objectives

!!!!!!!!!!!!
Teacher
Background
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vi. Repeating any steps needed to improve the design –
The engineering design process is not always a step-by-step
process, as engineers often repeat steps or go back and forth
between the other five steps.
Throughout the design process, students may want to revisit steps
and add elements that were previously omitted, just as “real” engineers
do. Students will continuously formulate and test hypotheses in order to
solve their problem. As the students take on the role of an engineer, they
will analyze their solutions, build models, and clarify concepts and
explanations. Solutions may require further testing and experimentation
to meet the criteria for success defined previously, and even the criteria
for success may be amended as they progress.
The results of real-world
What Do Children Think about
engineering design processes literally
Engineering?
surround us in our everyday life.
Industrial, mechanical, and electrical
! Children often think that
engineers design the products that fill our
engineering refers only to
homes – including kitchen appliances,
products that require electricity,
computers, or “new”
some furniture, heating and cooling
technology. They are surprised
systems, home lighting, televisions, music
to learn that almost every
players, and computers. Every day we use
product that helps humans, such
numerous substances perfected by
as band-aids, toothpaste, special
chemical and biomedical engineers –
sports shoes, are designed with
the help of engineers.
including toothpaste, shampoo and
!
Children also commonly hold
conditioner, detergent, stain remover,
the notion that engineers are
plastics, band-aids, and medicines. Our
people, such as car mechanics
vehicles are designed by mechanical
and home contractors, who
engineers. The infrastructure of our cities
“fix” and “build” things. For
most children, it is new
and towns – including clean water,
knowledge that many engineers
sanitation systems, roads, subways,
work only on the planning
bridges, tunnels, electricity delivery,
(designing) of products, and not
traffic flow plans and traffic lights,
on the building or fixing of
skyscrapers, airports – were all designed
products.
with the help of engineers.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Engineering- The process of creating solutions to human problems
through creativity and the application of math and science knowledge.
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LEGO plate -

LEGO axle LEGO connector peg LEGO bushing !!!!!!!!!!!!
Materials

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
For each student
! Prep Lesson Engineer’s Journal
For each student pair
! LEGO Mindstorms Kit
For the class
! A bag or box filled with five items that resulted from an engineering
design process: band-aid (materials engineering), mechanical pencil
(mechanical engineering), toothpaste tube (chemical engineering),
vegetable seeds (agricultural engineering), battery (electrical
engineering)

!!!!!!!!!!!!
Preparation
!!!!!!!!!!!!
Instructions for
Teachers

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! Prepare the bag or box of engineered items.
! Arrange students in pairs.
! Distribute Engineer’s Journals.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
SESSION A - PART I: What Is Engineering? (25 min)
1) Begin with an introduction to the engineering design process. Ask if
anyone can explain what engineering is.
2) Explain that in this science module, students will use the engineering
design process to construct an artifact. As they complete the process,
students will gain science knowledge.
3) Place the following five items in a bag or box: mechanical pencil,
band-aid, battery, toothpaste tube, and vegetable seeds. Explain that
in your container you have five things that were designed by
engineers. Ask students to brainstorm what the five items might be
and write their thoughts in their engineering journal.
4) After brainstorming for two to three minutes, reveal the items.
Explain that these are five products that resulted from engineering
design. Each of these items can be described as “engineered” because
each item solves a human problem or fulfills a human need (need to
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record information, need to bandage wounds, need for electricity,
need for clean teeth, need for fresh produce to eat).
5) Discuss a definition of engineering: “Engineering design is the
process of creating solutions to human problems through creativity
and the use of our math and science knowledge.”
6) Now that they know the definition, see if the students can identify
objects in the room that were engineered. Talk about the importance
of engineering to everyday life; the results of engineering are
everywhere! They include much, much more than just computers or
electronics.
7) Identify another object in the room that required engineering. For
example, point out a student’s chair. Ask students to suggest the steps
the engineer followed to design the student’s chair. The key steps
are: identify the problem (need for a chair that is child-sized),
research possible solutions, design, build, and test, and then repeat
some or all of these step.
SESSION A - PART II: What Are LEGO Engineering Materials? (35
min)
8) Explain that now it is time to learn about the tools for LEGO
engineering: the LEGO building pieces. In this unit, we’ll be using
LEGOs as our tool to model different real-world engineering
problems. (Discuss what a model is.) LEGOs are a way for us to
learn about engineering, to practice the engineering design process,
and to learn science that we need to do engineering.
9) We have to think about LEGOs in a special way while we’re in
science/engineering class. At home, you probably think of LEGOs as
toys. Here at school, they’re not toys – instead, they’re tools; they are
our engineering materials. That means we have to take good care of
them, we have to share them with our engineering teammates, we
have to keep them well-organized so that we can find the right
materials for each engineering project that we do.
10) Our LEGO engineering materials have special names so that we can
all know what each other is talking about when we make engineering
designs.
11) Distribute the LEGO kits so that each pair of students has one kit.
12) Hold up a 1x16 beam (but don’t say its name yet) and ask each
student to find one from their kit. Ask the following kinds of
questions: (A) What do you think this piece is used for? (B) What do
you think the name of this piece is? (C) How can we describe the size
of this piece? (D) How do we attach other pieces to this piece? By the
end of the discussion, students should know that the piece is called a
beam, that it is described by its number of rows and columns of studs.
They should record its name on the LEGO Building Pieces
1-4
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worksheet.
13) Follow a similar procedure for a 2x4 brick. Ask similar questions to
those listed in (9). By the end of the discussion, students should
know that the piece is called a brick and that it is described by its
number of rows and columns of studs.
14) Follow a similar procedure for a 2x8 plate. Ask similar questions to
those listed in (9). By the end of the discussion, students should know
that the piece is called a plate, that it is described by its number of
rows and columns of studs, that it takes 3 plates to equal the height of
a brick or beam, and that it is often used to make “seals” across
LEGO “seams.”
15) Follow a similar procedure for a black connector peg with friction.
Ask similar questions to those listed in (9). By the end of the
discussion, students should know that the piece is called a connector
peg and that it is used to attach together pieces with holes. Students
should practice attaching two beams side-by-side, with connector
pegs.
16) Follow a similar procedure for a black axle and gray bushing. Ask
similar questions to those listed in (9). By the end of the discussion,
students should know the axle and bushing can be used to fix one
LEGO piece at a certain distance from another, or they can be used to
hold a spinning wheel or other spinning piece in place. Students
should practice fixing two parallel beams at a distance by using one
axle and four bushings to hold the beams in place.

Note: You might find that
the two students in a pair
work on separate creations
rather than working
together on one. This is fine
for this lesson. Sometimes,
it is actually best for
students without much
LEGO experience. They
need as much practice as
possible fitting LEGO
pieces together.
Note: When you give
instructions for the freebuild time, we recommend
that you direct students not
to use the LEGO pieces to
build models of weapons. If
you do not, it is possible
that you will hear about
many weapons, or vehicles
with weapons, during
sharing time.

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
SESSION B - PART I: Free-Build with LEGO Pieces? (50 min)
17) At the beginning of the next session, distribute LEGO Mindstorms
kits again and allot 30 minutes for student pairs to build any LEGO
creation. Some teachers prefer to give students a definite task. The
‘A Chair for Mr. Bear’ activity included after the lesson works well.
18) During the free-build time, visit with students pairs and provide
assistance to students who are having difficulty connecting the LEGO
pieces or building with connector pegs and axles.
19) After 30 minutes, direct students to clean up all LEGO pieces except
those on their creations.
SESSION B – PART II: Sharing LEGO Creations (10 min)
20) Gather students together. Explain that each pair will have one minute
to show their creation(s) and describe one new thing they learned
about LEGO building.
21) Allot 10 minutes for student presentations.
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What engineered things might be in the bag? Write down 5 ideas.
1. _____________________________________________________________
2. _____________________________________________________________
3. _____________________________________________________________
4. _____________________________________________________________
5. _____________________________________________________________

LEGO Piece Names

This piece is a ___________________________ .

This piece is a ___________________________ .
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This piece is a ___________________________ .

This piece is a ___________________________ .

This piece is a ___________________________ .

This piece is a ___________________________ .

This piece is a ___________________________ .

This piece is a ___________________________ .

Instructors Guide to:
A Chair for Mr. Bear
This is a great beginning exercise to introduce building and design. You can use this
exercise to introduce the design process.
Introduce the names of the LEGOTM pieces. Show the difference between a
weak and a strong structure. Explain the different shapes: Triangle, rectangle,
braced rectangle, attaching different LEGOTM pieces: 3 stacked plates = 1
beam/brick, how to make a piece stick straight up, etc. See different techniques
in the Constructapedia about bracing.
Introduce how forces can be taught with this exercise:
• While the Earth is pulling you and the objects around you down, many
things are pushing up. Things that push up include floors, bridges, and
chairs.
•

These structures must push up with a great enough force to equal the
force exerted down on them. Mr. Bear exerted a greater force on his
chair than it could handle, so it broke.

A small sized bear works best, such as the size of a beanie baby.

In the Classroom:
Grade Level: K-2
Building Skills: Strength

Time: 45 min
Programming Skills: None

A Chair for Mr. Bear

In the children’s book, Mr. Bear’s Chair, Mr. Bear sat on his chair, and it
broke. Now Mr. Bear has nowhere to sit! Can you build a chair that will
support his weight?
Challenge
Build a chair that is sturdy enough to hold “Mr. Bear” so that it will not
break when he sits on it.

Materials

Any LEGO™ pieces from your kits

Skills Learned

Design, Building

Lego Tips

Overlapping beams and bricks are stronger than non-overlapping.
Three stacked plates are the same height as one beam or brick.

Extensions

1. Build Mr. Bear a cup holder and/or a foot rest for his chair. Make sure
they are sturdy enough to hold a cup and some bear feet!
2. Perform the drop test with the chair.
3. Build a bed for Mr. Bear.

Literature

A Chair for Mr. Bear by Thomas Graham
Goldilocks and the Three Bears

Sample Projects

Name: _________________________________________________________

Chair for Mr. Bear Rubric

Circle your rating
below.

Does the chair pass the drop
test from the ankle?

Yes

No

(1 pt)

(0 pt)

Does the chair seat have
enough room for Mr. Bear to
sit?

Yes

No

(1 pt)

(0 pt)

Does the chair have a sturdy
Yes
back that is high enough for Mr.
(1 pt)
Bear?

No
(0 pt)

Does the chair keep Mr. Bear
from falling out?

Yes

No

(1 pt)

(0 pt)

Does the chair raise Mr. Bear
at least one inch off the
ground?

Yes

No

(1 pt)

(0 pt)

Did you use at least two
Yes
different ways of connecting the
(1 pt)
LEGO pieces together?
Total Points

No
(0 pt)

If you circled no, please explain
why.

