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STEM Curriculum Planning Guide 
  

This instructional design guide serves as the template for the design and development of STEM units of 
instruction at the Dayton Regional STEM Center in Dayton, Ohio. The guide is anchored to the STEM 
Education Quality Framework also developed at the Dayton Regional STEM Center.

STEM Unit Title Pirate Ship Race

Economic Cluster Advanced Manufacturing & Materials

Targeted Grades 5 and 6

STEM Disciplines Science, Technology, Engineering, and Mathematics

Non-STEM  
Disciplines 

Social Studies

a. Acknowledgement of Support. Unless otherwise provided in the grant, the grantee is responsible for assuring that an acknowledgment of NSF support is made:

(i) in any publication (including Web pages) of any material based on or developed under this project, in the following terms: 

"This material is based upon work supported by the National Science Foundation under Grant No. EEC - 1009607." 

(ii) NSF support also must be orally acknowledged during all news media interviews, including popular media such as radio, television and news magazines. 

b. Disclaimer. The awardee is responsible for assuring that every publication of material (including World Wide Web pages) based on or developed under this 
award, except scientific articles or papers appearing in scientific, technical or professional journals, contains the following disclaimer: 

"Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the 
views of the National Science Foundation." 

c. Copies for NSF. The grantee is responsible for assuring that the cognizant NSF Program Officer is provided access to, either electronically or in paper form, a 
copy of every publication of material based on or developed under this award, clearly labeled with the award number and other appropriate identifying 
information, promptly after publication. 

The electronic template is copyrighted to Dayton Regional STEM Center.  No permission has been granted for template reproduction.  However, lesson contents 
may be reproduced and attributed to Dayton Regional STEM Center free of charge.
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Section I: STEM Unit Overview

Unit Overview Teams of student engineers are challenged to design, build and test a prototype pirate ship design.  The prototype 
ship is tested for its ability to float and to sail around obstacles in a baby pool while carrying a load consisting of a 
crew, food, and a retrieved hidden treasure. Students use force diagrams to communicate predictions and test results 
about the buoyancy of various materials.  They conduct research to gain and knowledge regarding a ship's ability to 
float and sail. This new knowledge is then applied throughout the engineering design process used to build an 
effective ship. Also, student teams gather, record, and analyze data in order to make comparisons between various 
desighns as well as for use as a guide while redesigning their pirate ship.

Essential Question How can your team design and build a pirate ship that will transport a crew, supplies, and treasure across an ocean?

Enduring 
Understanding

Buoyancy is the force that causes a material to float. Buoyant forces acting upon an object can be displayed using a 
force diagram. 
 
Time and distance can be used to calculate the speed of a moving object.

Engineering  
Design Challenge 

Your team of pirates wants to design an improved pirate ship, but has decided to test a prototype ship design before 
building a full-scale one.  Your prototype ship will be tested for its ability to sail around obstacles in a baby pool while 
holding crew, food, and a retrieved hidden treasure.

Time and Activity 
Overview Day Time 

Allotment Actvities

1 50 minutes

Pre-assessment 
Read aloud 
Youtube video - http://www.youtube.com/watch? 
v=FnILEXnRHP0 
Key Vocabulary 
Technical Background 
Introduce Design Challenge and Engineering Design Process 

2 50 minutes Team Roles and Expectations 
Ship Research Lab

3 50 minutes 
(optional)

Create a Treasure Map.

4 50 minutes

Test materials 
Will it Sink or Float (Appendix I) 
Students will create individual designs 
Discussion in teams 
Team Decision Making Matrix (Appendix D) 
Team final design/prototype

5 50 minutes
Teams will construct ship 
Teams will test ship 
Redesign of ship

6 50 minutes
Redesign of ship 
Ship race relay 
Pirate Data Collection (Appendix J)

7 50 minutes
Ship race relay 
Pirate Data Collection (Appendix J) 
Graph Paper (Appendix K)
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8 50 minutes
Reflection (Appendix L) 
Data chart 
Post-assessment (Appendix A)

Pre-requisite 
Knowledge & Skill

Students should be familiar with calculating area of regular polygons, specifically rectangles.
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Academic Content Standards

Add Standard Mathematics  

Grade/Conceptual 
Category 5

Domain Measurement and Data

Cluster Geometric measurement: understand concepts of volume and relate volume to multiplication and to addition.

Standards

3. Recognize volume as an attribute of solid figures and understand concepts of volume measurement. 
a. A cube with side length 1 unit, called a “unit cube,” is said to have “one cubic unit” of volume, and can be used to  
    measure volume. 
b. A solid figure which can be packed without gaps or overlaps using n unit cubes is said to have a volume of n cubic  
    units.

Add Standard Mathematics  

Grade/Conceptual 
Category 6

Domain Geometry

Cluster Solve real-world and mathematical problems involving area, surface area, and volume.

Standards

Find the area of right triangles, other triangles, special quadrilaterals, and polygons by composing into rectangles or 
decomposing into triangles and other shapes; apply these techniques in the context of solving real-world and 
mathematical problems. 
 
Find the volume of a right rectangular prism with fractional edge lengths by packing it with unit cubes of the 
appropriate unit fraction edge lengths, and show that the volume is the same as would be found by multiplying the 
edge lengths of the prism. Apply the formulas V = l w h and V = b h to find volumes of right rectangular prisms with 
fractional edge lengths in the context of solving real-world and mathematical problems
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Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Geometry

Cluster Solve real-world and mathematical problems involving area, surface area, and volume.

Standards Solve real-world and mathematical problems involving area, volume, and surface area of two- and three-dimensional 
objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms.

Add Standard English Language Arts

Grade 5

Strand Reading Standards for Informational Text

Topic Key Ideas and Details

Standard
2.  Determine two or more main ideas of a text and explain how they are supported by key details; summarize the  
     text. 
3.   Explain the relationships or interactions between two or more individuals, events, ideas, or concepts in a  
      historical, scientific, or technical text based on specific information in the text.

Add Standard English Language Arts

Grade 5

Strand Reading Standards for Informational Text

Topic Craft and Structure

Standard

4.   Determine the meaning of general academic and domain-specific words and phrases in a text relevant to a grade 
      5 topic or subject area. 
5.   Compare and contrast the overall structure (e.g., chronology, comparison, cause/effect, problem/solution) of  
      events, ideas, concepts, or information in two or more texts. 
6.   Analyze multiple accounts of the same event or topic, noting important similarities and differences in the point of  
      view they represent.
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Add Standard English Language Arts

Grade 5

Strand Reading Standards for Informational Text

Topic Integration of Knowledge and Ideas

Standard 7.   Draw on information from multiple print or digital sources, demonstrating the ability to locate an answer to a  
      question quickly or to solve a problem efficiently.

Add Standard English Language Arts

Grade 6

Strand Reading Standards for Literacy in Science and Technical Subjects 6–8

Topic 

1.   Cite specific textual evidence to support analysis of science and technical texts. 
2.   Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior  
      knowledge or opinions. 
3.   Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing    
      technical tasks.

Standard

Add Standard English Language Arts

Grade 6

Strand Reading Standards for Literacy in Science and Technical Subjects 6–8

Topic Key Ideas and Details 

Standard

4.   Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 6–8 texts 
and topics. 
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Add Standard English Language Arts

Grade 6

Strand Reading Standards for Literacy in Science and Technical Subjects 6–8

Topic Integration of Knowledge and Ideas

Standard

7.    Integrate quantitative or technical information expressed in words in a text with a version of that information  
      expressed visually (e.g., in a flowchart, diagram, model, graph, or table). 
8.   Distinguish among facts, reasoned judgment based on research findings, and speculation in a text. 
9.   Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with  
      that gained from reading a text on the same topic.

Add Standard Social Studies

Grade 5

Theme Regions and People of the Western Hemisphere

Strand (pk-8 
only) Geography

Topic Spatial Thinking and Skills

Content Standard Globes and other geographic tools can be used to gather, process and report information about people, places and 
environments. Cartographers decide which information to include in maps.

Add Standard Social Studies

Grade 6

Theme Regions and People of the Eastern Hemisphere

Strand (pk-8 
only) Geography

Topic Spatial Thinking and Skills

Content Standard Globes and other geographic tools can be used to gather, process and report information about people, places and 
environments. Cartographers decide which information to include and how it is displayed.
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Add Standard Science

Grade 5

Theme Interconnection Within Systems

Topic Light, Sound and Motion 

Content Standard

CONTENT STATEMENT: 
The amount of change in movement of an object is based on the mass* of the object and the amount of force 
exerted. 
- Movement can be measured by speed. The speed of an object is calculated by determining the distance (d)  
  traveled in a period of time (t).  
- Earth pulls down on all objects with a gravitational force. Weight is a measure of the gravitational force between an  
  object and the Earth.  
- Any change in speed or direction of an object requires a force and is affected by the mass* of the object and the  
  amount of force applied.   
 
CONTENT ELABORATION: 
The motion of an object can change by speeding up, slowing down or changing direction. Forces cause changes in 
motion. If a force is applied in the same direction of an object’s motion, the speed will increase. If a force is applied in 
the opposite direction of an object’s motion, the speed will decrease. Generally, the greater the force acting on an 
object, the greater the change in motion. Generally, the more mass* an object has, the less influence a given force 
will have on its motion. If no forces act on an object, the object does not change its motion and moves at constant 
speed in a given direction. If an object is not moving and no force acts on it, the object will remain at rest. 
 
Movement is measured by speed (how fast or slow the movement is). Speed is measured by time and distance 
traveled (how long it took the object to go a specific distance). Speed is calculated by dividing distance by time. 
Speed must be investigated through testing and experimentation. Real-world settings are recommended for the 
investigations when possible. Virtual investigations and simulations also can be used to demonstrate speed. 
 
An object that moves with constant speed travels the same distance in each successive unit of time. In the same 
amount of time, a faster object moves a greater distance than a slower object. When an object is speeding up, the 
distance it travels increases with each successive unit of time. When an object is slowing down, the distance it 
travels decreases with each successive unit of time.
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Add Standard Science

Grade 6

Theme Order and Organization

Topic Matter and Motion

Content Standard

CONTENT STATEMENT: 
An object’s motion can be described by its speed and the direction in which it is moving.  
- An object’s position and speed can be measured and graphed as a function of time.  
 
Note 1: This begins to quantify student observations using appropriate mathematical skills. 
Note 2:  Velocity and acceleration rates should not be included at this grade level; these terms are introduced in high 
              school. 
 
CONTENT ELABORATION: 
When speed is calculated from a distance measurement, the distance is always measured from some reference 
point. To describe more thoroughly the motion of an object, the direction of motion can be indicated along with the 
speed. 
 
Experiments (inside and outside of the classroom) and creating/interpreting graphs must be used to investigate 
motion. Plotting position (vertically) and time (horizontally) can be used to compare and analyze motion. No motion is 
represented by a horizontal line. Fast motion is represented by steep lines and slow motion is represented by lines 
that are more gradual. The relative speeds and positions of different objects can be determined from comparing their 
position vs. time graphs. Position vs. time graphs should not be rules to memorize, but interpretations based on data-
driven graphs. Motion detectors can be used to compare the resulting graphs from different types of motion. 
 
Plotting the speed (vertical axis) and time (horizontal axis) allows for comparison and analysis of speed. One can 
determine the speed of an object at any given time or determine the time at which an object has a particular speed 
from reading a speed vs. time graph. No motion would be shown with a straight horizontal line on the horizontal axis. 
Constant speed would be represented with a straight line above or below the horizontal axis. The faster the motion, 
the farther away the line will be from the horizontal axis. Speeding up would be represented with a line moving away 
from the horizontal axis. Slowing down would be represented with a line moving toward the horizontal axis. Speed 
vs. time graphs should not be rules to memorize, but interpretations based on data-driven graphs. 
 
If a force on an object acts toward a single center, the object’s path may curve into an orbit around the center. A 
sponge attached to the end of a string will travel in a circular path when whirled. The string continually pulls the 
sponge toward the center, resulting in circular motion.
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Add Standard Science

Grade 6

Theme Order and Organization

Topic Matter and Motion 

Content Standard

CONTENT STATEMENT: 
All matter is made up of small particles called atoms. 
- Each atom takes up space, has mass and is in constant motion. Mass is the amount of matter in an object.  
- Elements are a class of substances composed of a single kind of atom.  
- Molecules are the combination of two or more atoms that are joined together chemically.  
- Compounds are composed of two or more different elements. Each element and compound has properties, which  
  are independent of the amount of the sample. 
 
CONTENT ELABORATION: 
All matter is made of atoms, which are particles that are too small to be seen, even with a light microscope. There is 
empty space between the atoms that make up a substance. An element is a chemical substance that cannot be 
broken down into simpler substances. 
 
There are approximately 90 different naturally occurring elements that have been identified. There are additional 
elements that were made in a laboratory, but these elements are not stable. All atoms of any one element are alike, 
but are different from atoms of other elements. 
 
All substances are composed of one or more of elements. Compounds are composed of elements joined together 
chemically. Each compound has its own unique, unchanging composition of type and number of elements and 
atoms. Both elements and compounds can form molecules (e.g., elemental hydrogen is made up of molecules 
containing two atoms of hydrogen joined together chemically, water is a compound made up of molecules containing 
two atoms of hydrogen joined with one atom of oxygen). In addition to molecules, atoms may join together in large 
three-dimensional networks (addressed further in high school). All particles of a pure substance have nearly identical 
mass. Particles of different substances usually have different masses, depending upon their atomic composition. 
Computer simulations can be used to visualize this abstract material. 
 
Matter has properties of mass and volume. Mass measures the amount of matter in an object (e.g., a wood block) or 
substance (e.g., water), and volume measures the three-dimensional space that matter occupies. Equal volumes of 
different substances usually have different masses. Some materials, like lead or gold, have a lot of mass in a 
relatively small space. Other materials, like Styrofoam® and air, have a small mass in a relatively large amount of 
space. This concept of comparing substances by the amount of mass the substance has in a given volume is known 
as density. 
 
While the mass and volume of a material can change depending upon how much of the material there is, the density 
generally remains constant, no matter how much of the material is present. Therefore, density can be used to identify 
a material. The density of any object (e.g., a wood block) or substance (e.g., water) can be calculated from 
measurements by dividing the mass by the volume. Mass vs. volume graphs can be constructed and interpreted (e.
g., to determine which material has the greater density.) 
 
Note 1: Appropriate background knowledge such as graphics representing the atomic composition of the substances 
            involved or descriptions of how the matter can be formed, decomposed or separated, should accompany  
            questions asking to classify matter as an element, compound or mixture. The nature of chemical bonding is  
            not appropriate at this grade. 
Note 2: Constructing and analyzing mass vs. volume graphs aligns with fifth-grade common core mathematics  
             standards (Geometry 1 and 2). The volume of solids can be determined by water displacement or calculated  
             from the dimensions of a regular solid (grade 5 Common Core Mathematics Standards, Measurement and  
             Data 5).
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Add Standard Science

Strand

Course Content

Content 
Elaboration

Add Standard Fine Arts

Grade

Subject

Standard

Benchmark

Indicator

Add Standard Technology

Grade

Standard

Benchmark

Indicator
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Assessment 
Plan

What evidence will show that students have acquired the enduring understandings 
for this STEM unit?

Performance Task, 
Projects  

 

Engineering Design Challenge 
Treasure Map

Quizzes, Tests, Academic 
Prompts 

 

Pre/Post Assessment 
Ship Research Lab

Other Evidence (e.g. 
observations, work 
samples, student artifacts, 
etc.) 

 

Data Collection  
Labs

Student Self- Assessment 

 

Student Journal/Notebook 
Reflection
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Technology 
Integration ADISC Technology Integration Model*

Type of Integration Application(s) in this STEM Unit

A

Technology tools and resources 
that support students and teachers 
in adjusting, adapting, or 
augmenting teaching and learning 
to meet the needs of individual 
learners or groups of learners.

Sailing simulator 
Interactive sailing game 

D

Technology tools and resources 
that support students and teachers 
in dealing effectively with data, 
including data management, 
manipulation, and display.

Google Sheets or Microsoft Excel for quantitative data. 
 
Digital Camera to document designs and race (optional)  
 
Meter Sticks, Yard Sticks, Measuring Tape, Rulers 
 
Calculators 
 
Stopwatches

I

Technology tools and resources 
that support students and teachers 
in conducting inquiry, including the 
effective use of Internet research 
methods.

Internet to Research

S

Technology tools and resources 
that support students and teachers 
in simulating real world 
phenomena including the modeling 
of physical, social, economic, and 
mathematical relationships. 

Micrsoft Excel or Google Sheets to model display speed 

C

Technology tools and resources 
that support students and teachers 
in communicating and 
collaborating including the 
effective use of multimedia tools 
and online collaboration.

Real-Time Collaborative Tools (i.g., Google Sheets, Google 
Docs, Google Presentatiaon)

*The ADISC Model was developed by James Rowley PhD, Executive Director of the Institute 
for Technology-Enhanced Learning at the University of Dayton
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Career Connections Career Description

Materials Engineers evaluate materials and develop 
machines and processes used in manufacturing. They 
develop new uses of materials and often specialize in a 
specific material.

Cartographers use science and math to communicate 
spatial information more effectively. They constantly study 
maps and then design new ones.

Propulsion engineers research, design, construct, and test machines that 
move through the air (on Earth or in space).  They often utilize wind 
tunnels to test their designs before testing in the environment.  
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Section II: STEM Lesson Plan 

Title of Lesson Day 1: Pre-Test and Engineering Design Challenge Introduction

Time Required 50 minutes

Materials Appendix A: Pre/Post-Assessment (1 per student)  
Appendix B: Pre/Post-Assessment ANSWER KEY (1 per teacher) 
Appendix C: Key Technical and Pirate Vocabulary (1 per student) 
Appendix D: Engineering Design Challenge (1 per student - needed daily) 
Appendix E: Engineering Design Process (1 per student) 
Appendix O: Engineering Design Challenge Rubric (1 per student) 
Video: "Sail Boat made of Duct Tape" (3m36s): https://youtu.be/FnILEXnRHP0 
Children's Book: Everything I Know About Pirates: A collection of Made-Up Facts, Educated Guesses, and Silly  
   Pictures about Bad Guys of the High Seas, by Tom Lichtenheld (1 per teacher) 
Computer and Projector (1 per teacher) 
Chart Paper (1 per class, optional) 
Interactive White Board (1 per class, optional) 
Plastic Child's Pool (1 per class) 
Hand Held Fan - battery operated (1 per class) 
Index Cards (2 per teacher) 
Straws or Pencils (2 per teacher) 
Obstacles: to represent islands or other obstacles - examples:  
   potted plants, rocks, tree branches, etc.

Objectives Students will be able to identify and describe what properties of materials allow a ship float. 
 
Students will recognize and demonstrate effective use of the engineering design process.

Instructional 
Process

Before Students Arrive: 
 Prepare the baby pool obstacle course (no need to add water at this point) so that they have a clearer   
 understanding of the challenge. 
   - Label two points around the pool: 1. "START" and 2. "TREASURE" (make signs with labeled index cards  
      taped to pencil or straw, and then tape the other end of the pencil/straw to outside of the pool) 
   - Place various obstacles into the pool to represent islands or other obstacles that may be encountered by  
     pirates. Examples: plants, rocks, tree branches, etc. 
   - Test the fan's ability to blow enough air (wind) over the pool. Decide on how close the fan should be to the  
     pool in order to provide enough air to move a sailboat, while also maintaining a level of challenge. Then, mark 
     a perimeter around the pool so that students know they may rotate around the pool, but the fan must stay  
     outside of the marked perimeter. 
 
1.   Administer Pre-Assessment. 
2.   Create teams consisting of about four students each. 
3.   Show "Sail Boat made of Duct Tape" video: https://youtu.be/FnILEXnRHP0 to hook and engage students. 
4.   Hold pre-activity discussion using the "think-pair-share" strategy regarding the following questions:  
      "What makes a ship be able to float?" 
       -Think: instruct students to think individually to answer the question based on their prior knowledge. 
       -Pair: Instruct students to collaborate with a partner or small team and share what they initially thought was 
        necessary for a ship to float.  
       -Share: Instruct pairs or small teams share out to the class as you record responses on the board/chart  
         paper.  
5.   Read aloud several excerpts from the children's book: Everything I Know About Pirates. Be sure to include  
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      "The Ship" and "The Map" sections. 
6.   Handout the "Key Vocabulary," "Engineering Design Challenge," and Engineering Design Challenge Rubric.   
      Discuss the engineering design challenge, key vocabulary, and rubric. Encourage students to use the key  
      vocabulary throughout the challenge, and to refer to the rubric throughout the challenge. 
7.   Handout the "Engineering Design Process"  and discuss. Explain that they will use this process throughout  
      the unit as their team designs, builds, tests, and redesigns model pirate ship. 

Differentiation Modify the assessment based on individual student needs.  
Utilize the pre-assessment data as a guide for modifying and differentiating the remainder of the unit.

Assessments Appendix A: Pre-Assessment  
Discussion
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Section II: STEM Lesson Plan 

Title of Lesson Days 2 and 3: Buoyancy and Sailing Research / Create a Treasure Map

Time Required 100 minutes (50 minutes per day)

Materials Appendix F: Team Career Roles (1 per team) 
Appendix G: Team Code of Cooperation (1 per team) 
Appendix H: Research – How Does a Ship Float and Sail? (1 per student) 
Video: "PBS: Sailing by Emmanuel and GiGi (Dragon Fly TV episode)" (7m14s): 
    http://pbskids.org/dragonflytv/show/sailing.html  
Device to Access Internet (1 per student, or at least 1 per team) 
 
 
Create a Treasure Map - OPTIONAL: 
Appendix I: Make Your Own Treasure Map (1 or 2 per team) 
Graph Paper (several sheets per team) 
Various Maps (1 or more per team) 
Ruler, Measuring Tape, or Meter Stick (1 or more per team) 
Colored Pencils, Markers, or Crayons (1 pack per team)

Objectives Students will research and analyze buoyancy and movement of ships and demonstrate master of forces by 
drawing force diagrams. 
 
Students will create scaled drawing of the classroom with a map that guides others to a treasure.

Instructional 
Process

1.   Distribute "Team Career Roles" and allow time for teams to collaboratively assign each member a career  
      according to each team member's individual strengths. 
2.   Distribute and explain the "Team Code of Cooperation." Some examples of consequences are:  
      -complete a certain amount of push-ups, jumping jacks, wall squats, etc. 
      -stand for the remainder of class (or specified amount of time) 
      -raise hand to speak to team 
      -complete extra work that is valuable to the team 
3.   Show the "PBS: Sailing by Emmanuel and GiGi (Dragon Fly TV episode)" video. 
4.   Instruct teams to complete "Research – How Does a Ship Float and Sail?" appendix. 
 
Create a Treasure Map - OPTIONAL (if time allows): 
5.   Read the "Buried Treasures" section from "Everything I Know About Pirates" aloud. 
6.   Provide a segue for students to create their own treasure map by asking students how pirates have been  
      able to find their hidden treasures, . 
7.   Ask students if they have ever navigated using a road, building, or park map. Discuss the advantages of  
      using maps? 
8.   Allow time for students to study the various maps, noticing the differences between map types as well as the  
      ways roads, mountains, and rivers are represented.  
      Prompt students to pay attention to the maps' legends, symbol meanings, scales, and measurements. 
9.   Provide each team with the "Making Your Own Treasure Map" appendix and graph paper. 
10. Instruct student teams to sketch a scale drawing of the classroom on graph paper.  Have them add a map to  
      the scale drawing that leads another team to a treasure they have discretely hidden. 
11. Have teams exchange completed treasure maps, locate the hidden treasure, and then complete the  
      Treasure Map Checklist.
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Differentiation Provide cloze research notes for students to fill in as needed. 
Students could create their treasure map using a computer program rather than drawing it by hand. 
Provide a prepared scaled-drawing of the classroom for students to add the treasure map onto as needed.

Assessments Appendix G: Team Code of Cooperation 
Appendix H: Research – How Does a Ship Float and Sail? 
Appendix I: Make Your Own Treasure Map 
Observation
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Section II: STEM Lesson Plan 

Title of Lesson Days 4: Properties of Materials and Individual Design Plan

Time Required 50 minutes

Materials Appendix J: Decision Analysis Matrix TEACHER INSTRUCTIONS (1 per teacher) 
Appendix K: Decision Analysis Matrix (1 per student, or team) 
Appendix L: Properties of Materials and Buoyancy (1 per student) 
Graph Paper (at least 2 per students) 
Plastic Child's Pool - filled with water (from Day 1 - 1 per class) 
Various Materials to Test for Floating Abilities, Suggestions (per team): 
   (NOTE: Prior to class, decide amount and/or size of each material you will make available to each team.)  
   -Plastic Wrap 
   -Clay 
   -Tin Foil 
   -Cardboard 
   -Styrofoam 
   -Wax Paper 
   -Straws 
   -Yarn 
   -Duct Tape 
   -Construction Paper 
   -Plastic Bottles: water or soda (small) 
   -Corks 
   -Wooden Dowels 
   -Glass Bottles

Objectives Students will observe and analyze the properties of multiple materials to predict and explain the properties 
commonly found in materials that float. 
 
Students will construct pirate ships based on team final design sketches and buoyancy research.

Instructional 
Process

1.   Ask, "What properties of materials are required in order to make something to float?"  Have them discuss  
      and note their thoughts in their science notebook. 
2.   Display various materials available for student to test for their ability to floating. 
3.   Instruct students to choose 5 materials they would like to test.  Then, have them make predictions on the   
      "Properties of Materials - Sink or Float?" appendix. Provide teams with small tub of water and allow time for  
      testing and recording actual results. 
4.   Explain that each student needs to analyze and use their team's properties of materials results for  
      brainstorming and sketching an individual pirate ship idea. Point out that they will be sharing their individual  
      idea with the team, so it must be neatly drawn on graph paper and include brief explanations. 
5.   Explain the Decision Analysis Matrix and allow time for each team utilize it as a tool for fairly determining  
      their final team design. 

Differentiation Design plans could be completed with a computer program rather than by hand on graph paper. 
 
Scaffold the research or provide cloze notes for students to complete as a guide for working through the 
research  
 
Provide additional challenge by limiting amount and size of materials each team may use.
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Assessments Appendix K: Decision Analysis Matrix 
Appendix L: Properties of Materials - Sink or Float?
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Section II: STEM Lesson Plan 

Title of Lesson Day 5: Team Design Choice and Build

Time Required 50 minutes

Materials Appendix K: Decision Analysis Matrix 
Plastic Child's Pool - filled with water and with obstacle course setup (from Day 1 - 1 per class) 
Graph Paper (several per team) 
Various Materials for Building Pirate Ship, Suggestions (same as Day 4): 
   (NOTE: Prior to class, decide amount and/or size of each material you will make available to each team.)  
   -Plastic Wrap 
   -Clay 
   -Tin Foil 
   -Cardboard 
   -Styrofoam 
   -Wax Paper 
   -Straws 
   -Yarn 
   -Duct Tape 
   -Construction Paper 
   -Plastic Bottles: water or soda (small) 
   -Corks 
   -Wooden Dowels 
   -Glass Bottles

Objectives Students will collaborate to come to a consensus regarding a design choice, and begin building a prototype 
based on given criteria.

Instructional 
Process

1.   Allow time for teams to complete the "Decision Analysis Matrix" if needed.  
2.   Explain that teams should use their matrix results to help them collaboratively decide on a team pirate ship  
      design plan, and the begin building their prototype. 
3.   Instruct teams sketch a scaled-drawing of the "sea," including obstacles, starting point, and treasure location. 
      Inform them that during the pirate ship races, they will add the route their ship took to retrieve the treasure  
      onto the scaled-drawing.  
4.   Optional: allow teams test their ships in the pool filled with as they build their design.

Differentiation

Assessments Appendix K: Decision Analysis Matrix 
Observation
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Section II: STEM Lesson Plan 

Title of Lesson Day 6: Pirate Ship Race

Time Required 50 minutes

Materials Appendix M: Pirate Ship Data Collection (1 per team) 
Plastic Child's Pool - filled with water and with obstacle course setup (from Day 1 - 1 per class) 
Hand Held Fan - battery operated (1 per team) 
Stopwatch (1 per team) 
Coins - Pennies, Quarters, Dimes, Nickels; or Metal Washers- various sizes (to represent cargo) 
Graph Paper (serveral sheets per team)

Objectives Students will calculate their ship's area, surface area, volume, and measure the distance traveled.  
 
Students will organize the information gathered in a scatter plot showing the relationship between area and 
weight.

Instructional 
Process

1.   Allow time for teams to finalize their designs. 
2.   Inform students that their team is responsible for load placement, so they may want to discuss strategy for  
      where/how each coin will be placed. 
3.   Prior to racing, have teams record as much of their own team's data as they can on the Pirate Ship Data  
     Collection sheet. 
4.   Have teams take turns testing their ships, following the Engineering Design Process appendix instructions.  
      Before a team tests, they should report their data as other team record it on their Pirate Ship Data Collection  
      sheet.    
5.   Make sure teams are recording time and distance after testing. They can calculate speed later.

Differentiation To determine where to place the mass, students may create a diagram of the hull, labeling where each coin will 
be placed.  
 
To measure the distance, students may attach a long piece of thread to the back of the ship and mark the 
distance traveled on the string. They will then measure the length of the string to determine the distance from 
point A to point B. This will also allow the students to physically see the distance the ship traveled.

Assessments Appendix M: Pirate Ship Data Collection
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Section II: STEM Lesson Plan 

Title of Lesson Day 7: Redesign and Test

Time Required 50 minutes

Materials Appendix M: Pirate Ship Data Collection (from Day 6 -1 per team) 
Appendix N: Pirate Ship Challenge Reflection (1 per student) 
Appendix O: Engineering Design Challenge Rubric (from Day 1 - 1 per student) 
Plastic Child's Pool - filled with water and with obstacle course setup (from Day 1 - 1 per class) 
Hand Held Fan - battery operated (1 per class) 
Stopwatch (1 per class) 
Coins - Pennies, Quarters, Dimes, Nickels; or Metal Washers- various sizes (to represent cargo) 
Graph Paper (several per team) 
Various Materials to Test for Floating Abilities, Suggestions (same as Day 4): 
   (NOTE: Prior to class, decide amount and/or size of each material you will make available to each team.)  
   -Plastic Wrap 
   -Clay 
   -Tin Foil 
   -Cardboard 
   -Styrofoam 
   -Wax Paper 
   -Straws 
   -Yarn 
   -Duct Tape 
   -Construction Paper 
   -Plastic Bottles: water or soda (small) 
   -Corks 
   -Wooden Dowels 
   -Glass Bottles 
 
 
 
 

Objectives Students will use results acquired from the initial race as well as three identified areas of improvement to re-
engineer their pirate ship. 
 

Instructional 
Process

1.   Instruct students to generate a list of three modifications to be accompanied in their redesign to increase  
      performance in speed, buoyancy, and/or stability. 
2.   Allow time for students to redesign.  Tell students that for each redesign, they must record what changes  
      were made and why. 
3.   Conduct race with redesigned ships, and have students record speed and pertinent observations. 
4.   Assign the Pirate Ship Challenge Reflection for homework. 
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Differentiation Ask leading questions of teams that are struggling with brainstorming a redesign plan.

Assessments Appendix M: Pirate Ship Data Collection 
Appendix N: Pirate Ship Challenge Reflection
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Section II: STEM Lesson Plan 

Title of Lesson Day 8: Reflection and Wrap-Up

Time Required 50 minutes

Materials Appendix A: Pre/Post-Assessment (1 per student) 
Appendix B: Pre/Post-Assessment ANSWER KEY (1 per teacher) 
Appendix N: Pirate Ship Challenge Reflection (from Day 7 - 1 per student) 
Chart Paper (1 per team) 
Markers (1 per team)

Objectives Students will provide evidence of knowledge gained throughout the unit by completing a post-assessment.

Instructional 
Process

1.   Have students will share the responses from their reflection homework as team responses are recorded on  
      the chart paper.  
2.   Instruct each team to share responses during whole-class discussion. 
3.   Administer the Post-Assessment.

Differentiation Modify the post-assessment as necessary for individual student needs.  

Assessments Appendix A: Pre/Post-Assessment 
Appendix N: Pirate Ship Challenge Reflection
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Section III: Unit Resources 

Materials and 
Resource 
Master List

Appendix A: Pre/Post-Assessment 
Appendix B: Pre/Post-Assessment - ANSWER KEY 
Appendix C: Key Technical and Pirate Vocabulary 
Appendix D: Engineering Design Challenge 
Appendix E: Engineering Design Process 
Appendix F: Team Career Roles 
Appendix G: Team Code of Cooperation 
Appendix H: Research – How Does a Ship Float and Sail? 
Appendix I: Create a Treasure Map 
Appendix J: Decision Analysis Matrix TEACHER INSTRUCTIONS 
Appendix K: Decision Analysis Matrix 
Appendix L: Properties of Materials and Buoyancy 
Appendix M: Pirate Ship Data Collection 
Appendix N: Pirate Ship Design Challenge Reflection 
Appendix O: Engineering Design Challenge Rubric 
 
Children's Book: Everything I Know About Pirates: A collection of Made-Up Facts, Educated Guesses, and Silly  
   Pictures about Bad Guys of the High Seas, by Tom Lichtenheld (1 per teacher) 
Devices - with Internet access (at least 1 per team) 
Projector (1 per teacher) 
Chart Paper (1 per team)  
Interactive White Board (optional - 1 per teacher) 
Graph Paper (several sheets per team) 
Various Map Examples 
Ruler, Measuring Tape, or Meter Stick (1 per team) 
Colored Pencils, Markers, or Crayons (1 per team) 
Plastic Child's Pool - filled with water (1 per class) 
Hand Held Fans- battery operated (1 per class) 
Stopwatch (1 per class) 
Coins - Pennies, Quarters, Dimes, Nickels; or Metal Washers- various sizes (to represent cargo) 
 
Index Cards (2 per teacher) 
Straws or Pencils (2 per teacher) 
Obstacles: to represent islands or other obstacles - examples:  
   potted plants, rocks, tree branches, etc. 
 
Various Materials to Test for Floating Abilities, Suggestions (per team): 
   (NOTE: Prior to class, decide amount and/or size of each material you will make available to each team.)  
   -Plastic Wrap 
   -Clay 
   -Tin Foil 
   -Cardboard 
   -Styrofoam 
   -Wax Paper 
   -Straws 
   -Yarn 
   -Duct Tape 
   -Construction Paper 
   -Plastic Bottles: water or soda (small) 
   -Corks 
   -Wooden Dowels 
   -Glass Bottles
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Key Vocabulary Area: number of square units that covers a shape or figure 
 
Acceleration: rate of change of velocity with respect to magnitude or direction, a change in velocity 
 
Biomimicry: an approach to innovation that seeks sustainable solutions to human challenges by emulating  
                    nature’s time-tested patterns and strategies.  
 
Boom: horizontal poles for extending the feet of the sails 
 
Bow: forward end a boat 
 
Buoyancy: ability of an object to float, or rise, in a fluid;  power of a fluid to hold up an object 
 
Current: a large body of water moving in a certain direct 
 
Depth: dimension taken through an object or body of material,usually downward from an upper surface  
            horizontally inward from an outer surface, or from top to bottom of something regarded as one of several  
            layers 
 
Distance: amount of space between two things, points or lines 
 
Density: mass of a substance per unit volume 
 
Hull: hollow, lowermost portion of a ship 
 
Main Sail: largest sail on the sailboat 
 
Mass: body of coherent matter 
 
Mast: structure rising above the hull to hold the sails 
 
Port Side: left-hand side of the sailboat 
 
Rapid: part of a river where the current runs very swiftly 
 
Stability: continuance without change 
 
Stern: back, or rear, of the sailboat 
 
Starboard Side: right-hand side of the sailboat 
 
Surface Area: sum of the areas of all the face of a three-dimensional figure 
 
Speed: form of direction, rate of motion 
 
Velocity: speed of an object, the distance divided by the amount of time 
 
Volume: measurement of space, or capacity

Technical Brief Boats float because their design exploits the Archimedes' Principle which states that any object, wholly or partly 
immersed in a fluid, is buoyed up by a force equal to the weight of the fluid displaced by the object. Archimedes 
discovered that when you place an object into water, the level of the water rises. This is because the object 
has displaced some of the fluid. Archimedes realized that any object placed in water will displace its own weight 
or volume in water, whichever comes first. This is called the weight to surface area ratio. 
 
Engineers choose lightweight, sturdy materials to achieve buoyancy in the construction of ships. They also 
disperse the weight of the ship across the hull. The hull is typically wide and has a deep bottom. It is common for 
large ships to use displacement hulls that push water out of the way to help them stay afloat. When a boat is 
heavy, it will settle lower in the water because its surface area to weight ratio is different than when the boat is 
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light. If the hull is breached, the boat will take on water which causes the boat to become denser. This requires 
more water to be displaced. If enough water is taken on, the boat will become too heavy to remain buoyant and 
will sink.

Safety and 
Disposal

Teacher can cut plastic for students. 
Teacher should monitor students anytime water is being used in the classroom. 
Teacher should provide paper towels for easy clean up of water. 
To avoid electrical shock, make sure fans are kept out of the water and hands are dry when handling the fan.
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