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OVERVIEW
      In the unit entitled, "Smooth Sailing" the students will explore the concept of buoyancy through a series of hands-on science experiments and activities related to the topic.  Sink/Float, density, displacement theory, and capacity are all concepts that will be developed through this unit.  During the Extension Activity the students will build and test boats to determine their capacities.  They will analyze their success through a Culminating Activity where they self assess their boat design and write a commentary from the boat's perspective.

 

CONTENT KNOWLEDGE 

DECLARATIVE

Students will know/understand:                                
PROCEDURAL

Students will be able to:   

Some items sink and some items float
Construct model for testing a variety of 

objects to determine their ability to sink or float.  

Concept of displacement
Construct a model for measuring the displacement of water in a graduated cylinder by testing a variety of objects and recording findings on a Semantic Features Model.

An object's volume/weight effects its ability to float 
Construct a model for observing and recording findings related to empty and full cans, and their abilities to sink or float.  Findings are recorded on a Semantic Features Model.



Shape/design design of an object effects its ability to float 
Shape a model for sketching and designing a boat that can float with success. 

 

The term buoyancy
Construct a model for measuring the capacity of a boat in specified increments by recording data to measure the integrity of the boat design.

ESSENTIAL QUESTIONS
How do the volume and weight of an object affect its ability to float?

How do the shape and design of an object affect its ability to float?

How are displacement and capacity related to one another?

How do weight and shape affect the buoyancy of an object?

CONNECTIONS TO NYS LEARNING STANDARDS
List Standard # and Key Idea #: Write out related Performance Indicator(s) or Benchmark(s) 
 MST 1  Analysis, Inquiry, and Design 

Students will have knowledge, skills, and attitudes that empower them to use mathematical analysis, scientific inquiry, and engineering design, as appropriate to pose questions, seek answers, and design solutions.
• construct explanations independently for natural phenomena, especially by proposing           preliminary visual models of phenomena.

• represent, present, and defend their proposed explanations of everyday observations so that they can be understood and assessed by others

MST 5  Technology 

 Students will acquire the knowledge and skills related to the tools, materials, and processes of technology to create products, services, and environments in the context of human endeavors such as bio-related technologies, manufacturing, construction, transportation, and communication.

• develop plans, including drawings with measurements and details of construction, and construct a model of the solution, exhibiting a degree of craftsmanship

• in a group setting, test their solution against design specifications, present and evaluate results, tradeoffs that might have to be made
ELA 2  Language for Literary Response and Expression

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

• develop information with appropriate supporting material, such as facts, details, illustrative examples or anecdotes, and exclude extraneous material

INITIATING ACTIVITY
 The initiating activity for the unit entitled, "Smooth Sailing", will consist of a brief clip from the movie The Perfect Storm which shows the intensity of the storm and the boat rushing through it.  Using the collaboration strategy Numbered Heads where students brainstorm their knowledge about boats and boat design, students will link their prior knowledge through a KWL activity.
LEARNING EXPERIENCES
In The chronological order including acquisition experiences and extending/refining 
experiences for all stated declarative and procedural knowledge.
In preparation for the unit it is recommended that each student have a pocket folder to keep all experiment recording sheets in.  The teacher will review the experiment recording sheets, and check the follow-up questions at the end of each session. The sheets are not scored, however are reviewed for accuracy.  Any errors will be corrected.  All graphic organizers and experiment recording sheets should be prepared in advance and distributed for the students to keep in their pocket folders.  These folders can be placed in a central location, or at a Science Center for easy access and convenience.  With this, the unit should run smoothly and efficiently.  There is no grade for the pocket folder and its contents.  However, the teacher will keep a checklist to ensure that all components have been completed with accuracy.  

ACQUISITION EXPERIENCE 1

Activity

     What happens when objects such an eraser, crayon, block of wood, nail, piece of styrofoam, and rock are placed in a bowl of water?
Procedure:

1) The teacher will construct a model for experimentation through the Think-Aloud strategy.  He or she will explain the purpose of the experiment and explain the directions through a demonstration.

2) The students will make predictions as to whether the objects will sink or float and record on a Semantic Features Model, or chart which illustrates the students' predictions.

 3) The students will test objects in a basin of water to find out whether the object actually sinks or floats.

 4) The students will classify their findings and record these on the Semantic Features Model.   

 5) The students will take a three-minute pause, or thought period, to respond to the inductive question at bottom of the Semantic Features Model.  

Background Knowledge: An object will sink or float depending on its weight as compared to the weight of the water that it is in.  When the force of the water pushing up on the object is greater than the force of gravity pushing down on it then the object will float. To reinforce the concept of sink/float the students can go to the website: www.brainpop.com/science/seeall.weml  Students will find games and activities related to the topic.

Example: Semantic Features Model   (Use + for yes; - for no)

                                          SINK                                  FLOAT
Object                I Predict       Now I Know     I Predict     Now I Know

Rock
 




Wood Block





Nail





Styrofoam





Eraser





Crayon





Question 1: Based on the following observations, what can you conclude about why objects either sink or float.
ACQUISITION EXPERIENCE 2 

 Activity:

What happens when similar sized cans such as tuna, soup, and coffee, that are both empty and full, are placed in a tub of water?    

Procedure:

1) The teacher will construct a model for experimentation through the Think-Aloud strategy and explain the experiment to follow. 

2) The teacher will show the students a sample of like cans, one being full and one being empty.  Tuna cans, coffee cans, or soup cans may be used. 

3) Teams of two students will make predictions and state on the Semantic Features Model.  

4) The students will then test both the empty and full cans of each size to determine the results. 

5) Results will be recorded on the Semantic Features Model. 

6) Partners will complete a Branching Diagram graphic organizer with two divisions.  One branch will represent empty cans, while the other branch will represent full cans.  

7) After the testing is complete the class will discuss their findings.  Questioning will be encouraged. 

8) The students will take a three-minute pause to conclude (inductive questions) the following: 

                                        EMPTY                                        FULL

                          Sink                        Float             Sink                      Float

Tuna



 

 Soup





Coffee





Semantics Features Model  (+ for yes, - for no)

Question 1: What are the similarities and differences between full cans and empty cans in    terms of sinking or floating properties?

  Question 2: How does the size of the can effect whether the can sinks or floats?

  Question 3: What could be done to the cans that float to make them sink?

ACQUISITION EXPERIENCE 3
Activity: 

What happens to the level of the water in the glass, baking dish when a block of wood is placed in it? Procedure:                                                   Part 1
1) The teacher will construct a model for a science measurement activity that illustrates the displacement theory. 

2) The teacher will place a glass baking dish in a second glass dish larger than the first dish so spillage will be contained.  

3) The teacher will place a block of wood in the water.  The water will rise while the excess will pour into the larger glass dish.  

The teacher will then weigh the wooden block.  The excess water will be removed and also weighed.  

4) The students will observe that whenever an item is placed in a liquid, an amount of liquid equal in weight to the item in the water will be displaced.  The heavier that item is the more water that will be displaced.                                        Part 2  

1) A written set of steps will be posted for students to follow as they place a small rock in water and find the displaced volume of the rock.  The students will be familiar with using a glass beaker and reading the delineation on it.

Steps 1. Fill the beaker to 100 ml. 2. Place the item in the water. 3. Take a reading of the new water level. 4. Subtract to find the difference between 100 ml. and the new water level.  5. This difference is the amount of water that the item displaced. 6. Record on your recording sheet by drawing a picture to show the difference in water levels. Include labels in milliliters. 

2) The teacher will assist the students in constructing the meaning of displacement after the experiment by asking the question, " What happens when objects are placed in water?"  The students will be encouraged to discover that objects displace, or push some of the water of the water out of the way when they are placed in water.  *Note: If the object placed in the water weighs the same as the amount of water the object displaces, then the object floats.  The students will complete the pictograph of the experiment using drawings of the beakers that label the delineation before and after the object is placed in the water.  Math computation will be completed on this paper illustrating evidence of student understanding.

        Volume of Water in Beaker (ml)
          Displaced Volume (ml)




Question 1: If the amount of water that the object displaced was weighed would it be greater, less, or the same weight as the object that was placed in the water?  Why?

ACQUISITION EXPERIENCE 4

Activity: How will the Generalization/principle pattern help us to organize information about sinking and floating.

Procedure:

1) The teacher will construct a model for integrating knowledge by providing the students with two Generalization/principle patterns.  These graphic organizers assist students in placing information into general statements.  2) The class will discuss the relationship between an object's volume/weight and its ability to float. Objects that sink displace water, or push some of the water out of the way. On the other hand, objects that float weigh the same as the amount of water that the object displaces, and therefore do not sink.  The Generalization/principle pattern will support these statements with examples from Acquisition Experience 1. After writing the statement in the top box of the Generalization/principle pattern the students will list examples that support the statement in the boxes provided for examples.   

(see the Generalization/principle provided)

To reinforce and integrate knowledge of the new vocabulary the students are encouraged to visit www.madsci.org and complete the experiment entitled,

"Bubbling, Burbling, Buoyancy Business" This would be an excellent family homework assignment as the equipment is not very elaborate and the steps are very straightforward.  Students could copy the experiment at school and take it home if they do not have Internet access. 

Example:  Generalization/Principle Pattern     Objects that Float




Example 1   

Example 2

Example 3

Make another Generalization/principle pattern for objects that sink for review.

ACQUISITION EXPERIENCE 5
Activity: 

How does the shape/design of an object effect its ability to float?

Procedure:

1) The teacher will help the students construct meaning through a KWL on the topic of boats with an emphasis on why they float. Each student will be given a KWL chart and asked to complete the K and W portions.  

2) A group sharing session will follow to discuss the class' findings. 

3) The students will work in pairs to pre-plan; creating a boat design that they would like to make from clay.  The teacher will encourage partners to think of new ways and welcome new thoughts while designing their model. 
EXTENSION EXPERIENCE

The students will construct and test the boats that they have designed with their partners during the Extension Experience. 

Materials:

Basin of water

5 ounces of clay for each pair of students

Pennies for testing the boat's capacity

Boat Design Prediction form 

Activity:     What amounts of capacity will the boat hold when tested with pennies in a basin of water?

Procedure:

1) The partners will be given 5 ounces of clay to create their boats.  They will use their plan design from the previous day. 

2) All partners will display their boats and the class will Deduct, by recording "Predictions" on the Boat Design Prediction form and reflect on each of the boats' ability to carry 5, 10, 15, or 20 pennies.  

3) After predicting and reflecting, the partners test the boats as the class observes.

4) Students will record results in the "Now I Know" section to the Boat Design Prediction form. 

5) The class will compare the boat shape/design to the boat's capacity and reflect, through Induction or drawing conclusions, upon the successes of each of the partners' boats

6) Partners will complete a self-assessment of their work. 
BOAT DESIGN PREDICTIONS

1. Students make predictions on each boat's capacity. Write yes or no

2. Students test each boat's capacity. Write yes or no  

                                      I PREDICT                                            NOW I KNOW
Partners
     5

pennies                      
    10 

pennies    
    15

pennies
    20

pennies
     5

pennies
    10

pennies
    15

pennies
    20

pennies











































































































































































CULMINATING PERFORMANCE
Include rubric(s)
      Description: Experimental Inquiry Task  

      You are writing a first person narrative based on your experience in the water as the boat that you have just designed.  Speaking from the role of the boat, you will discuss your engineers' success or failure in helping you to survive.  Using your knowledge and experience from the boat testing assignment, along with your self-assessment, you will respond to questions such as, "How I survived my experience on the water", "How well do I feel my engineers did in designing my shape?" "What, if anything, could my engineers do differently next time to help me sail more smoothly?" Describe your experience with a strong sense of voice and personal experience. Use your knowledge of the science concept of buoyancy as you state your opinion.

     The students will have had experience with process writing, as well as prior experience writing a 1st person narrative.  They will be required to complete a pre-writing outline, a first draft, a revision, and a final draft.  The teacher will support and assess the students' piece throughout the process.  A rubric will be used to determine the final grade, and will be based on both the language skills and science information included to support their opinion.

STUDENT SELF-ASSESSMENT FORM

Partners’ Names:                           Date:
Directions:  Think about your boat’s design and its success in floating. Then answer the questions below. 

In your own words, describe how your team organized to get this problem solved.



In your judgement, what kinds of things did you and your partner do well 

In your judgement, what kinds of things would you and your partner do differently next time to improve your boat and its floating ability.  How would you improve its carrying capacity?

Draw a sketch of the boat you would make differently next time to show greater success.

Students will be given a time period to make their new and improved boats, and will repeat the floating demonstration.  A class chart will be used to display the partners’ results.  A column will be labeled : 

  Team Name                                         # Of Pennies Improved By

RUBRIC for Culminating Performance

                     OPINION/POINT OF VIEW WITH SCIENTIFIC EVIDENCE

Task Component              A                             B                             C                           D        
Opening
Clearly states opinion on boat’s floating ability. May show deeper insight into topic
Clearly states opinion on boat’s floating ability
States an opinion on boat’s floating ability, but may not be stated as clearly as it should
States no opinion on the boat’s floating ability or states one unclearly

Organization
Effectively and accurately organizes the material most appropriately
Accurately organizes the material in the most appropriate pattern
Accurately organizes the material into a pattern but not in an appropriate way
Material is not organized into any type of pattern

Support
Provides well-developed logical support w/ 3 good scientific reasons demonstrating a clear understand-ing of buoyancy

Un
Provides logical support w/ 2 good scientific reasons demonstrating an understanding of buoyancy
Provides 1 scientific reason to support understanding of buoyancy
Provides little if any scientific support demonstrating an understanding of buoyancy

Conclusion
Constructs a clear specific conclusion that follows logically from the opinion on the boat’s ability to float
Constructs a specific conclusion that follows logically from the opinion on the boat’s ability to float
Constructs a conclusion that is unclear compared to the opinion stated on the boat’s ability to float
Constructs no concluding statement

Vocabulary words used for “Support” in writing piece:  

__ sink /float  __capacity __ density  __ displacement  __buoyancy   

______ Student Score

PRE-REQUISITE SKILLS
 Knowledge of measuring with a milliliter beaker 

 Understanding of subtraction and the term "difference"

 Knowledge in use of the computer keyboard 

 Understanding of how to write a personal narrative in paragraph form using 1st Person Point of View

Understand the steps of the writing process.

Word Processing Skills

MODIFICATIONS
 Students with IEP's will be given support where necessary.  Any modifications addressed in the students' IEP will be followed.  The room will be arranged in a practical and comfortable manner so that all students will be able to participate and learn with success.  The classroom teacher will provide for materials for each experience.  If additional time is needed, then it will be given.

 

UNIT SCHEDULE/TIME PLAN
This is a unit on Buoyancy. They will require three weeks to complete.  Approximately 45 minutes will be necessary for each Acquisition Activity.  The Extension Activity will require approximately 1.5 hours.  The Culminating Activity will require one week.  

 

TECHNOLOGY USE
 Internet Web Sites

Word Processor

 

