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Buoyancy Unit

Will it sink or will it float?

Rationale:

Students will investigate the buoyancy of boats through scientific investigation and experimentation, while analyzing art elements and principles of design and materials through the exploration of boat history.  Students will respond to, analyze and make judgments about their models and the materials used to create their models based on the knowledge of the scientific concepts and cultural influences of their boat models.  Students will evaluate boats in their group by using the criteria sheet for art, science and materials.

Subject and Grade:  Science and Art – 8th Grade
Duration – 8TH grade:  45 minute class period for one to two weeks
Student Learning Objectives

Art objectives

· Students will justify and choose appropriate materials for their model. 

· Students define model type by using appropriate decoration that includes the cultural influence of history on the boat.

· Students will express and analyze the quality of their artistic expression by using a rubric. 

· Students will evaluate and test their model through peer evaluation, oral and written expression.

Science objectives

· Students will learn that a buoyant force on their model in water is an upward force equal to the weight of the fluid the object has displaced.

· Students will predict whether their model will sink or float. 

· Students will calculate the volume of an irregular solid using the displacement theory.

· Students will construct a scale model of a boat.

· Students will evaluate and test their model through oral and written expression.

Materials objectives
· Students will identify basic material concepts and the importance of materials and adhesives.

· Students will research and explore materials according to their boat’s geographic location and time period (to be used in the construction of their boat).

· Students will choose materials to test that represent materials of their boat type.

· Students will run tests on these materials to demonstrate the durability and strength of these materials and then build their boat.

Standards:

Art

Artistic Perception 1.0

1.2 Analyze and justify how their artistic choices contribute to the expressive quality of their own works of art.

Historical and Cultural Context 3.0

3.2 Compare, contrast, and analyze styles of art from a variety of times and places in Western and non-Western cultures.

Aesthetic Valuing 4.0

4.5 Present a reasoned argument about the artistic value of a work of art and respond to the

arguments put forward by others within the classroom setting.

Science

Density and Buoyancy


8. All objects experience a buoyant force when immersed in a fluid.

a. know density is mass per unit volume.

b. know how to calculate the density of substances (regular and irregular solids and liquids from measurement of mass and volume.

c. know the buoyant force on any object in a fluid is an upward force equal to the weight of the fluid the object has displaced.

d. know how to predict whether an object will float or sink.

Investigation and Experimentation

7.Scientific progress is made by asking meaningful questions and conducting careful investigations.  As a basis for understanding this concept and addressing the content in the other three strands, students should develop their own questions and perform investigations.

e. construct scale models, maps and appropriately labeled diagrams to communicate

scientific knowledge.

f. communicated the steps and results from an investigation in written reports and oral presentations.

Materials Science Content
· Materials are closely connected to cultures and their geographic location.

· The development and advancement of societies are dependent on the available materials and their use.

· Some materials are natural and some are man-made often simulating nature.

· Adhesives used to hold materials together may be achieved through a process (firing, etc.) of the material itself or simply “gluing” materials together.

Necessary Equipment and Instructional Materials (science, art)

Science/art


Books on Buoyancy/Boats



Handouts/Notes


Graduated Cylinders



Beakers


Tank/Container for boat displacement

Weighing Scales


Modeling clay




Pennies


Scissors





Petri dishes


Masking tape




Sharpies

Materials for boat (paper, plastics, etc.)

Materials Overhead

Create a PowerPoint or Collect Photos of boats throughout history (see history write-up for guidelines)

Lesson Procedures

Scientific/Artistic Investigation Activity

Students investigate buoyancy by building a boat made out of materials that are durable, demonstrate aesthetic qualities and consider form vs. function after learning about the history of boats. 

Engage and Connect

Lesson #1 – What is density and buoyancy?  (1 class period)

· Review of displacement theory using graduated cylinder and marble or other solids and materials noting change in the volume of water (5 minutes)

· Notes on density and buoyancy (10 minutes)

· Dunkin’ for Density Lab (30 minutes) 

Lesson #2 – What if the History of Boats?  (1 class period)

· A presentation will be shown on the historical perspective of boats invoking discussion of form vs. function in a cultural context.  (20 minutes)

· Students complete “Beginning Boat Building Brainstorming” worksheet to brainstorm boat, time period, type and materials choice.  Students will complete this worksheet for homework using provided websites and other resources.  (20 minutes) 

Instruct and Interact

Introductory Activities
Lesson #3 – Shape and Materials Exploration (2 class periods)

Shape Activity (1 class period) – Students will use clay to develop different boat shapes that are tested in a small container of water.  

· Groups will be given three sections of clay to mold into shapes of their choice to determine which shape allows the force of water to be evenly distributed.  (15 minutes)

· After the shapes have been molded and tested in the water, weight will be added to see if the shape remains buoyant without taking on extra water.  (10 minutes)

· Each student will complete “Flotation of Different Shapes” worksheet to show understanding of the flotation of different shapes in a fluid.  (20 minutes)

Materials Durability (1 class period/begin discussion of materials at end of shape activity) – In a group students test different materials in water overnight to test materials durability.

· Class discussion on materials and the classification of materials (materials overhead)  (10 minutes)

· Discussion on adhesives  (10 minutes)

· Students will bring in materials for their group to use and then the group will pick four materials from their group’s collection to test.  (10 minutes) 
· Each student will complete “Materials Activity” to demonstrate understanding of durability of certain materials in water.  (15 minutes)

Lesson #4 – Boat Design (1 class period)

Students use their knowledge from lessons #1 through #3 to create their final boat design, predict the buoyancy of their designs and listing materials that will be used for their designs 

· Class discussion on what you know about buoyancy and students take notes on buoyancy.  (10 minutes)

· Discussion on what makes boats functional and pleasing to the eye or aesthetics by showing boat model.  (10 minutes)

· Students complete final design of their boat including the boat type, time period (era), artistic value (materials and decorations represent that time period) and function of the boat and turn in to the teacher.  (20 minutes)

Main Activities
Lesson #5 Buoyancy (2 class periods)

Students build boat of choice.  See Teacher Tips.

Students test their boat by measuring the mass and volume and determining the density of their boat. 

· Set up equipment for calculating mass and density (ie:  triple beam).

· Results are recorded on the “Preliminary Lab Report Pg. 2. 

Culminating Activities

Lesson #6 – Evaluation (1 class period)

Students evaluate boats in groups by ranking each boat using the criteria sheet for art and science.

· Break students into workable groups.

· Have students rank boat in their group using rubric and recording score at bottom.

Lesson #7 – Oral Presentation – Optional (1/2 class period)

Each group presents the winning boat to the class and discusses their reasoning for each choice to the class.

Assessments

Monitoring Student Progress

Class discussions that analyze information will be ongoing.  Students will complete written worksheets and present oral reports to the class and written activities to demonstrate progress on projects.

Final Assessment (How will you know that they learned it?)

Formative 

Pre-assessment Activity

Discussion of buoyancy, boats, boat function and aesthetic qualities occur.  Teacher will ask questions to identify students’ prior knowledge.  Presentation provides historical data and facts to identify boat building timelines for material use and function.

Lesson #1 – What is density and buoyancy?  (1 class period)

· Dunkin’ for Density Lab (30 minutes)

· Chapter test

Lesson #2 – What is the History of Boats?  (1 class period)

· Students complete preliminary boat design worksheet to brainstorm boat time period and type. 

Series of Summative Assessment

Lesson #3 – Shape and Materials Exploration (2 class periods)

Science:  Shape Activity – Each student will complete a shape activity worksheet to show understanding of the flotation of different shapes in a fluid.

Art:  Materials Activity – Each student will complete a materials exercised to demonstrate understanding of durability of certain materials in water.

Lesson #4 – Research (1 class period)

· Students develop the purpose and hypothesis for their experiment write-up.

· Students complete final design of their boat including the boat type, time period and function of the boat.

· Students create the list of materials for their boat and begin their procedure

Lesson #5 Buoyancy (2 class periods)

Students test their best boat design by measuring the mass and volume of their boat, checking for tipping and water absorption.  Students also test durability of materials and analyze the quality of their artistic expression by checking for form, function and aesthetic qualities by floating in tank.

· Students record results for their experiment and develop their conclusions for the rough draft of their experiment write-up

· Forces and Motion Test (includes section on forces in fluids/buoyancy)

Lesson #6 – Evaluation 

Students evaluate boats in groups by ranking each boat-using rubric.

· Break students into groups of five to six.

· Have students rank boat in their group-using rubric.

Lesson #7 – Oral Presentation 

Each group presents the winning boat to the class and discusses their reasoning for each choice to the class.

Student Evaluation

Lesson #8 – Individual Evaluation 

Students explain in writing their understanding of buoyancy and density as seen through the boat project.  They also explain in writing their conclusions on material durability, aesthetic quality and form vs. function.

· Students review group’s critique (rubric evaluation) of boat to write results

· Student highlights boats attributes on rubric

· Students work on conclusion using rubric and results from buoyancy experiment

· Students finish final draft of buoyancy experiment

Vocabulary

*   see vocabulary sheet *

Safety Issues

· Hot glue will burn skin and stick to counters (put something under it)

· Safety glasses should be worn when students are constructing boats

· Long hair pulled back

· Scissors and sharp tools should be monitored

· Watch for glue or paint with fumes

· Water will spill out of container used for boats creating a slippery floor if tile, etc.

· Nails and screws should be used under guidance as some students will try to use them improperly

· Have first aide kit available

· Be aware of working surface area; may need to cover surface (scratching, etc.)

· Major wood or metal cutting/drilling can be done at home to avoid safety concerns

References:

Holt – Physical Science Book (Copyright 2007)


Web site reference sheet – Useful Teacher Websites

Teacher Tips:

· Be sure to give students a size limitation that will work with the tubs that you choose to purchase for testing

· Keep some left-over materials for students who may not have access to them
· Electronic scales are ideal for this activity
· Parent involvement

1. have students build in class (they can do final touches at home)

2. if you let them do the whole project at home (remember some students will have parent help and some many not)

3. if you send it home, it might be helpful to have parents sign a slip understanding what the project is and that the project must be completed by the student

Extensions:
· Add salt water as a factor when testing materials and boats

· Allow students to rebuild and reevaluate their boat projects

· Build life size boat.

