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OVERVIEW

     This unit is a 2-3 week study of buoyancy and displacement.  Students will perform many hands-on experiments.  Data will be collected, recorded and analyzed using a variety of methods.  Most of the learning experiences involve working cooperatively with a partner.   

 

CONTENT KNOWLEDGE 

Declarative 
Procedural 

Bubbles are formed in the shape of a sphere due to surface tension. 
 Estimate and measure using a centimeter ruler.

 Buoyancy is the ability of an object to sink or float.
  Create a bubble maker using a variety of objects.

There are many variables that affect the buoyancy of an object: density, shape, material, way it is put in.
 Work together cooperatively to complete experiments.

 Different shapes are able to hold different amounts of cargo.
 Create a clay and aluminum foil shape that will float.

Displacement -When floating, an object displaces a mass of water equal to its own weight. (Archimedes’Law)
 Calculate differences of estimate and actual measurements.


 Record data on charts and translate information to a graph.

ESSENTIAL QUESTIONS

How are bubbles formed?

Why do some objects float and some objects sink?

How can you change the shape of a clay ball to make it float?

How do you create a graph using information from a data table?

Why is it important to work together when completing an experiment with a partner?
 

CONNECTIONS TO NYS LEARNING STANDARDS

NOTE:  These standards are all addressed during this unit.  However, not all the standards are assessed formally.  An asterisk* next to the benchmark notes an assessment is included as a rubric.

MST Standard 1 - Analysis, Inquiry, and Design 

Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate, to pose questions, seek answers, and develop solutions. 
Elementary - Scientific Inquiry

1. The central purpose of scientific inquiry is to develop explanations of natural phenomena in a continuing, creative process. 

Students: 

· ask "why" questions in attempts to seek greater understanding concerning objects and events they have observed and heard about. 

· question the explanations they hear from others and read about, seeking clarification and comparing them with their own observations and understandings. 

· develop relationships among observations to construct descriptions of objects and events and to form their own tentative explanations of what they have observed. 

 3. The observations made while testing proposed explanations, when analyzed 

Students: 

· *organize observations and measurements of objects and events through classification and the preparation of simple charts and tables. 

· interpret organized observations and measurements, recognizing simple patterns, sequences, and relationships. 

· share their findings with others and actively seek their interpretations and ideas. 

· adjust their explanations and understandings of objects and events based on their findings and new ideas. 

MST Standard 3 - Mathematics 

Students will understand mathematics and become mathematically confident by communicating and reasoning mathematically, by applying mathematics in real-world settings, and by solving problems through the integrated study of number systems, geometry, algebra, data analysis, probability, and trigonometry. 
Elementary - Measurement

1. Students use measurement in both metric and English measure to provide a major link between the abstractions of mathematics and the real world ion order to describe and compare objects and data. 

Students: 

· understand that measurement is approximate, never exact. 

· select appropriate standard and nonstandard measurement tools in measurement activities. 

· understand the attributes of area, length, capacity, weight, volume, time, temperature, and angle. 

· *estimate and find measures such as length, perimeter, area, and volume using both nonstandard and standard units. 

· *collect and display data. 

· *use statistical methods such as graphs, tables, and charts to interpret data. 

MST Standard 4 - Science 

Students will understand and apply scientific concepts, principles, and theories pertaining to the physical setting and living environment and recognize the historical development of ideas in science. 

Elementary - Physical Setting

2. Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land. 

Students: 

· describe the relationship among air, water, and land on Earth. 

3. Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity. 

Students: 

· *observe and describe properties of materials using appropriate tools. 

· describe chemical and physical changes, including changes in states of matter. 

MST Standard 5 - Technology 

Students will apply technological knowledge and skills to design, construct, use, and evaluate products and systems to satisfy human and environmental needs. 
Elementary - Engineering Design

1. Engineering design is an interactive process involving modeling and optimization finding the best solution within given constraints which is used to develop technological solutions to problems within given constraints. 

Students engage in the following steps in a design process: 

· *describe objects, imaginary or real, that might be modeled or made differently and suggest ways in which the objects can be changed, fixed, or improved. 

·  generate ideas for possible solutions, individually and through group activity; apply age-appropriate mathematics and science skills; evaluate the ideas and determine the best solution; and explain reasons for the choices. 

· *plan and build, under supervision, a model for the solution using familiar materials, processes, and tools. 

· discuss how best to test the solution; perform the test under teacher supervision; record and portray results through numerical and graphic means; discuss orally why things worked or didn't work; and summarize results in writing, suggesting ways to make the solution better. 


MST Standard 7 - Interdisciplinary Problem Solving 

Students will apply the knowledge and thinking skills of mathematics, science, and technology to address real-life problems and make informed decisions. 

Elementary - Strategies

1. Solving interdisciplinary problems involves a variety of skills and strategies, including effective work habits; gathering and processing information; generating and analyzing ideas; realizing ideas; making connections among the common themes of mathematics, science, and technology; and presenting results. 

Students participate in an extended, culminating mathematics, science, and technology project. The project would require students to: 

· work effectively 

· gather and process information 

· generate and analyze ideas 

· observe common themes 

· realize ideas 

· present results 


ELA Standard 3-Language for Critical Analysis and Evaluation 

Students will read, write, listen, and speak for critical analysis and evaluation.

Elementary - Speaking and Writing
1. Speaking and writing for critical analysis and evaluation requires presenting opinions and judgments on experiences, ideas, information, and issues clearly, logically, and persuasively with reference to specific criteria on which the opinion or judgment is based. 

Students: 

· *monitor and adjust their own oral and written presentations to meet criteria for competent performance (e.g., in writing, the criteria might include development of position, organization, appropriate vocabulary, mechanics, and neatness. In speaking, the criteria might include good content, effective delivery, diction, posture, poise, and eye contact). 

ELA Standard 4 - Language for Social Interaction 

Students will read, write, listen, and speak for social interaction. 

Elementary - Listening and Speaking

1. Oral communication in formal and informal settings requires the ability to talk with people of different ages, genders, and cultures, to adapt presentations to different audiences, and to reflect on how talk varies in different situations. 

Students: 

· listen attentively and recognize when it is appropriate for them to speak 

· take turns speaking and respond to others' ideas in conversations on familiar topics 

· recognize the kind of interaction appropriate for different circumstances, such as story hour, group discussions, and one-on-one conversations. 

INITIATING ACTIVITY
Introduce the unit by asking the students if they have ever blown bubbles before and why they enjoy it.  Gather background knowledge by asking them what they know about bubbles and buoyancy and complete a KWL chart on bubbles and buoyancy.  Read and discuss pages 7-17 of A Drop of Water by Walter Wick.  

LEARNING EXPERIENCES

LESSON 1
      Model blowing large bubbles and have a team teacher measure the approximate diameter of each of the bubbles.  (Stress that it is hard to measure exactly so it will be an estimate.) Record information on a chart using an overhead projector, similar to the chart that the students will receive when completing their activities.  Blow 3 bubbles and record approximate diameters and stress importance of labeling the units (cm).  Demonstrate how to find the average of the diameters of the bubbles using a calculator.  
     Students will now complete the same activity with their assigned partners.  They will need to work cooperatively to complete the tasks.  They first are instructed to make an aluminum foil tray (20cm by 20cm) to hold the bubble solution.  Teachers will then distribute the bubble solutions and straws to the groups.  (Three different solutions should already be mixed by the teacher, label the jars 1, 2 and 3.  Students should be sitting with their partners and then divided into 3 groups, one for each solution.)
     Students read the directions and do the activity in order to complete the assignment.  After all partners have their average diameters of their bubbles, teachers then gather information from each solution group and find out the average diameters of the larger groups.  The class discusses the results and compares to see if there is a difference in the sizes of the bubbles with the different solutions.  See attachment #1.

LESSON 2

     The students will use a variety of objects to create their own bubble maker.  Some of these may include: pipe cleaners, straws, clay, and toothpicks.  They will need to work with their partner to test their bubble makers.  They should experiment with many different sizes and shapes.  After much practice, they will share and demonstrate their best design.  As a class, the bubble makers can be compared/contrasted to see the similarities and differences of the designs.

LESSON 3

     Have a discussion about bubbles and their properties to introduce the lesson on buoyancy. Make sure they discuss that bubbles float and discuss why this happens. Introduce the vocabulary word buoyancy and give examples of things that they know float and sink. Discuss conducting science experiments where you make predictions and then test these predictions and compare the results.
     Students will then work with their partners to complete the chart on predictions of the given objects they think will float and objects they think will sink.  After all predictions are made, students need to test the objects by placing them in a container of water.  Each object will then need to be recorded under the correct category.  They should compare their predictions to actual results and discuss why they thought some things would sink or float. See attachment #2. 

LESSON 4

     In front of class, have a clear container of water and a ball of clay ready.  Ask the class to make a prediction as to whether the ball of clay will sink or float when placed in the water.  Students should give explanations for their predictions.  Then tell the students that they will each be given the same amount of clay and their job is to see if they can make the clay float.  They will need to make their clay soft and keep it as dry as possible to keep it working fine.  They may test their clay shapes when they think it will float.  They will need to keep working with their clay until they find a shape that will float.  Once a student has a shape that floats that person should share their shape and write his/her name on the board.  Then as more students get their clay to float, they add their names to board.  When about ½ of the students have a shape that floats, we have a discussion about why they some float and some sink.  Students then try to help out their classmates by giving them some advice.  The goal is to get every child to have a clay shape that floats.

     HOMEWORK-Each student will receive a new piece of clay.  They are to create a shape that floats and one that they think will be able to hold “cargo” in it without sinking.

LESSON 5

     The teacher will model making a prediction of how many weights she thinks her clay boat will hold.  Then one teacher will demonstrate placing the “cargo” in her clay boat and the other teacher is responsible for counting the number of weights that the boat can hold before it sinks.   (Do not count the one that made it sink.)  The information is recorded on a chart.  Then show the students how to calculate the difference between the predicted amount and the actual results.  
     Students will need their clay boat that they completed for homework to use during the first part of this lesson.  With their partners, students will first predict and then take turns finding out how many actual weights their clay boats were able to hold.  Each student will then be given a medicine cup to put weights into.  Then each student will be given a piece of aluminum foil (15cm by 15cm.)  They are to create a shape that floats and make predictions and find out actual results.  For each type of boat, a prediction, actual result and difference needs to be recorded on their charts.  Students will complete the worksheet by answering questions on how they were able to make their clay float.  A discussion will be held to discuss the results of the number of weights each boat was able to hold.   It is important to discuss the properties of each boat and why there were differences in their capacities.  Also discuss why the medicine cup should hold about the same amount of weights for each student because they are all the same size and shape.  See attachment #3.

LESSON 6

Students will use the information gathered at the previous lesson to complete an activity to summarize what they learned about buoyancy and properties that make an object sink or float.  They will then create a bar graph to compare the amount of cargo held by each different type of boat.  Students will then work with a partner to use Microsoft Works to type in their data on a spreadsheet and create a graph of their choice.  They will need to label the graph appropriately. See attachment #4 and #5.

 These 3 activities (attachments 3-5) from lessons 5 and 6 will be evaluated using the rubric for “Number of Weights.”
LESSON 7

Students will view the video program, Magic School Bus Ups and Downs. Time will be given for students to read books about bubbles, ships, submarines, and buoyancy.  Also students will take turns using the Internet to explore information by using websites which have been pre-selected by the teacher.

LESSON 8

     Read the Chinese Folktale, 8,000 Stones told by Diane Wolkstein to the class.  Discuss the problem in the story and the solution.  This is a great story to introduce the concept of displacement.
    Demonstrate displacement by using a clear container of water and a variety of sizes of rocks.  Have students observe what happens to the level of the water when a rock is placed into the water.  Then place different sizes and discuss the differences.  Have students make predictions about other objects and how much water will be displaced.
     

LESSON 9
     View the video program, Buoyancy, Mr. Wizard.  Have students take notes on the experiments performed and the results learned from them.  If needed, pause the video to allow students ample time to complete this activity.  A parent involvement activity can be sent home for students to complete which is based on one of the experiments, Dancing Spaghetti, in the video.

LESSON 10

     Have students predict what will happen when 3 different liquids (vegetable oil, water, and syrup) are poured into the same glass.  Pour them in and observe what happens.  Discuss why they think this happens.  Then make predictions on what will happen when different objects are placed into the glass.  Compare results and discuss the reasons why some floated on some liquids and not others.  Discuss the properties of the liquids and the objects.


LESSON 11
     Billy Nye the Science Guy: Buoyancy is an excellent review of all concepts learned in this unit.  Students should view the program.  They then will need to write a paragraph summarizing information they have learned throughout the unit.

CULMINATING PERFORMANCE 

Part 1  Students will view the program “Focus on Science:  Buoyancy Video.”  This contains 4 modules with activities to complete for each module.  As they are watching, they will need to use the information from the video and what they have learned to answer the questions.  This will be graded according to the number of correct responses provided.


 Part 2 Students will be instructed to create a design for a boat that will float using a variety of household objects.  They will be given two weeks to complete this project at home.  Students will need to share how they made their boats including materials used and the steps to make it.  They will also need to demonstrate how the boat floats and tell why it floats.  This will be done in front of the class and graded using the speaking rubric for boat design.
     As a fun follow up to this, students may want to have boat races or competitions on whose boat can hold the most weights.  Also, students could vote on their favorite boats.  See Boat Design Rubric and Speaking Rubric to assess these activities.
PRE-REQUISITE SKILLS

     Before the unit begins, students will be reminded of the rules during the science experiment group time.  Students will need to know how to make an estimate and a prediction.  They will need to know how to measure using a ruler to the nearest centimeter.  They will also need to know how to compute a difference in order to compare their estimates to actual findings (this will be reviewed, however).  Speaking skills are reinforced daily and through many projects throughout the year.
MODIFICATIONS

     All students will receive help when needed in any part of the science activities including help with reading directions, completing charts and spelling words if needed.  Partners or teachers will assist when necessary.  Some students may have difficulty forming the clay correctly due to fine motor difficulties.  Help will be provided to them so they can participate fully.
UNIT SCHEDULE/TIME PLAN

     Teachers will need to plan for about 2-3 hours of gathering, preparing, and organizing materials for this unit.  Also teachers should have partners chosen before starting the first activity.  This unit will take students approximately 2-3 weeks to complete.   Each class meets for about 45 minutes, but some group activities were scheduled for 90 minutes in order to complete all activities. This does not include the 2 weeks allowed to work on the culminating activity, which will be done at home.
TECHNOLOGY USE

     Students will use the Internet to learn more about bubbles, buoyancy, ships, and submarines.  They will use Microsoft Works to complete their graphs comparing the different types of boats that we experimented with.   Students will also view video programs to reinforce what they have learned during the activities.

Helpful websites:

www.bubbles.org
     This site allows students to explore a variety of topics about bubbles including different solutions, activities, history of bubbles, questions, games and many more ideas.
http://www.exploratorium.edu/ronh/bubbles/bubbles.html
     This site gives information on how and why bubbles are formed.


http://www.spartechsoftware.com/reeko/Experiments/floating.htm
     This site includes directions of an experiment to perform to learn about the principle of buoyancy.
http://www.seasky.org/mainmenu.html
      This site allows students to choose between exploring the sea or the sky using a seasub to go on an undersea expedition or a starship to go on a deep space expedition.  Many different activities are offered under each category.

Science videos:

Bill Nye the Science Guy: Buoyancy (Disney Educational Productions)
Magic School Bus:  Ups and Downs (Scholastic)
Mr. Wizard’s:  Buoyancy and Displacement (Merrill Publishing Company)
Focus on Science:  Buoyancy Video (NYS Education Department)

Books:

A Drop of Water by Walter Wick
How Do Big Ships Float by Isaac Asimov
How Ships Are Made by David A. Thomas
Ships and Submarines by Michael Grey
Boat by Eric Kentley
Boats, Ships, Submarines by Ian Graham

Number of Weights Rubric-Assessment of Lessons 5 and 6 Activities
Score
Completeness of activities
Accuracy of calculations
Names properties
Graph

4
All complete
All correct
At least 4 properties named
Accurate depiction of graph

3
Mostly complete
2 out of 3 correct
At least 3 properties
Quite accurate 

2
Somewhat complete
1 out of 3 correct
At least 2 properties
Some inaccuracies



1
Mostly incomplete
0 out of 3 correct
Only 1 property
Mostly inaccurate

0 Not done at all

Name ________________

Score ______

Comments:

Boat Design Rubric- Assessment of Part 2 of Culminating Performance

Score
Ability to float
Creativity
Use of 

colors
Variety of

materials
Details
Name given to boat

4
Floats well in water
Very creative
Very colorful
At least 4 different materials
Lots of details
Has a name

3
Floats pretty well in water
Some creativity
Some colors
At least 3 different materials
Many details
Has a name

2
Floats but may tip in water
Simple 
Very few colors
At least 2 different materials
Not many details
No name given

1
Does not float
Very simple
No colors
Only 1 type of material
Very few details
No name given

0 Project not done

Name ________________

Score ______

Comments:

Speaking Rubric- Assessment of Part 2 of Culminating Performance (Speaking Portion)

Score
Topic
Materials and steps used to make the boat 
Organiza-tion of thoughts
Voice 
Clear speak-ing


Posture and eye contact
Vocabulary and expression

4
Stayed on topic very well
All mentioned
Organized thoughts well
Project-ed voice well
Spoke clearly
Good posture, maintained eye contact
Vivid vocabulary and very expressive

3
Stayed on topic
Most of them mentioned
Organized thoughts
Project-ed voice fairly well
Spoke clearly
Acceptable posture, maintained eye contact most of the time
Good vocabulary and showed some expression

2
Mostly stayed on topic
Only a few mentioned
Lacked some organization
Did not project voice
Some speak-ing was unclear
Poor posture-leaning, maintained eye contact some of the time
Simple vocabulary, very little expression

1
Mostly off topic
Did not mention materials or steps
Disorgan-ized thoughts
Was hard to hear
Unclear speak-ing
Very poor posture, very little eye contact
Very simple vocabulary, no expression

0            Speech not given

Name ________________

Score ______

Comments:
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Diameter-the distance from one side of the bubble to the.
other

Have your partner measure your bubbles as you blow them.
Measure using centimeters, label your unit as em

Which bubble solution does your group have?
Approximate diameter of bubbles

Bubbles Diameter Unit (cm)

#1

# |

#3

To find the average diameter of the bubbles, add all three
diameters together and then divide by 3. Youmay use a
calculator for this.

Average Diameter:

Was there a difference in the size of the bubbles from
e b et scintions?



Attachment #1

Attachment #2

Name __________________________________                 Buoyancy

Date _____________________________

Buoyancy-the ability of an object to float in a liquid

Make a prediction on whether you think each of the ten objects will sink or float when placed in your container of water.  Complete the chart with the name of the object and a check mark for your prediction. 

Objects:
straw
    pencil       paper clip             rubber band          red chip

                     bear       marble        purple weight        plastic egg            cube

                                            PREDICTIONS

               OBJECT
       SINK
    FLOAT









































After testing your predictions, complete the chart below listing the objects in the correct category.

                                        ACTUAL RESULTS 

         THINGS THAT SINK

             (not buoyant)
        THINGS THAT FLOAT 

              (buoyant)






















What did you learn today?

Attachment #3

Name ___________________________________          Buoyancy

Date  _______________________________
    NUMBER OF WEIGHTS HELD BEFORE SINKING

    TYPE OF BOAT
PREDICTION
ACTUAL
DIFFER-ENCE
















Use this space below to show your calculations to find the difference between your prediction and the actual results of your experiment.
What happened when we placed the ball of clay into the water?

How did you make the clay float?  _________________________

What did you learn today?  

Attachment #4

Name __________________________________                                 Buoyancy

Buoyancy is the ability of an object to _____________________________.

The ability of an object to sink or float depends upon these properties:

1. ________________________________________________

2. ________________________________________________

3. ________________________________________________

4. ________________________________________________

My clay boat was able to hold ________ ceramic weights without sinking.

My medicine cup was able to hold ________ ceramic weights without sinking.

My aluminum foil boat was able to hold _______ ceramic weights without sinking.

*Draw and label pictures of the 3 boats that you created.
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Attachment #5

 

