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	UNIT TITLE
	It Floats! It Sinks!

	AUTHOR
	Richard H. Audet, Ed.D., Roger Williams University

	GRADE LEVEL
	Middle School

	CONTENT AREA
	Physical Science
	TOPIC
	Density, Adaptation

	TIME FRAME
	7-8 days
	NUMBER OF LESSONS
	5

	TARGETED STANDARD/
LEARNING EXPECTATION
	Standard 12.0:  Structure and Properties of Matter

Learning Expectation:
12.2 Identify and measure the simple properties of common substances.

Performance Indicator State:
7.12.spi.1 determine the measurable properties of matter and appropriate metric units (i.e. weight, mass, volume, density, size (length, width, height), temperature.)

	SUMMARY OF PERFORMANCE ASSESSMENT
	Students select a reading from among several essays that recount the voyages of various submersible vessels. One example is "Savage Seas: Journey to the Ocean Floor." This article describes the record setting dive of the bathyscaphe, Trieste, to the Marianas Trench, the deepest known point on the sea floor. Students prepare posters that describe and explain the floating and sinking phenomena associated with each of these voyages. The poster competition is sponsored by the National Association of Maritime Museums to honor the scientific accomplishments of Archimedes.




	OVERVIEW OF STUDENT LEARNING ACTIVITIES

	>>>LESSON  1
	This lesson consists of three silent demonstrations. One involves examining the difference between the behavior of diet and regular colas when placed in fresh water. The second is to observe what happens when raisins are placed in a carbonated beverage. The final demonstration is to make a column consisting of a series of fluids of varying density.

	ENGAGEMENT:
It Floats! It Sinks!
	

	 >>>LESSON 2
	Students predict and observe how a variety of condiment packages behave when placed in a container filled with water. They create a data table that links floating and sinking with whatever characteristics of the condiment packages they can determine. They offer possible explanations for their findings.

	EXPLORATION:
Case of the Condiment
	

	 >>>LESSON 3
	This lesson applies a guided discovery approach and high-interest activities with fruit through which students explore and refine their concept of density.



	EXPLANATION:
Inquiring about Fruit
	

	 >>>LESSON 4
	In this activity students replicate the Explanation activity in which they investigated density with condiment packages.  Students apply their growing understanding of floating and sinking to consider how a Cartesian diver works and how goldfish use a swim bladder to regulate their position in a water column. They associate an adaptation with the enhanced survival of an organism that possesses this feature.



	EXTENSION:
Something’s Fishy
	

	 >>>LESSON 5
	In this performance assessment students read one of several passages depicting an historic voyage of a submersible vessel. Some accounts are fictitious, some real. They create posters that give a scientific explanation for the events described in these historical narratives.



	EVALUATION:
Voyage to the Bottom of the Sea
	


	CONTENT CLARIFICATION 
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	TENNESSEE

Go to…

>>>6-8

	Standard 12.0:  Structure and Properties of Matter
Learning Expectation:
12.2 Identify and measure the simple properties of common substances.

Performance Indicator State:
7.12.spi.1.  Determine the measurable properties of matter and appropriate metric units (i.e. weight, mass, volume, density, size, temperature.)



	Go to 
State  Standards…
	

	BENCHMARKS FOR SCIENCE LITERACY
	Assessed: Structure of Matter, 4.D2, 6-8
· Equal volumes of different substances usually have different weights.
Touched Upon: Evolution of Life: 5F2, 6-8
Organisms with certain traits are more likely to survive.



	Go to Benchmarks…
	

	NATIONAL SCIENCE EDUCATION STANDARDS
	Assessed: Physical Science: 5-8, 1.1. Properties and Changes of Properties in Matter
· A substance has characteristic properties such as density.
Touched Upon:

Science as Inquiry: 5-8. Abilities Necessary to Do Scientific Inquiry

Life Science: 5-8, 5.2. Diversity and Adaptations of Organisms

· Biological adaptations include changes in structure that enhance survival in a particular environment.



	Go to NSES…
	


	CONTENT CLARIFICATION 
Associated K-12 Mathematics Standards and Benchmarks

	Go to Science Netlinks…
	BENCHMARKS FOR SCIENCE LITERACY

	K-2  BENCHMARKS
	1. Objects can be described in terms of the materials they are made of (clay, cloth, paper, etc.

2. Things can be done to materials to change some of their properties, but not all materials respond the same way to what is done to them.

	3-5  BENCHMARKS
	1. No matter how parts of an object are assembled, the weight of the whole object made is always the same as the sum of the parts; and when  a thing is broken into parts, the parts have the same total weight as the original thing.

2. Materials may be composed of parts that are too small to be seen without magnification.



	6-8  BENCHMARKS
	1. All matter is made up of atoms, which are far too small to see directly through a microscope.

2. Equal volumes of different substances usually have different weights.

3. Scientific ideas about elements were borrowed from some Greek philosophers of 2,000 years earlier, who believed that everything was made from four basic substances: air, earth, fire, and water.

4. No matter how substances within a closed system interact with one another, or how they combine or break apart, the total weight of the system remains the same.



	9-12  BENCHMARKS
	1. The configuration of atoms in a molecule determines the molecule's properties.



	Go to NSES…
	NATIONAL SCIENCE EDUCATION STANDARDS


	K-4  STANDARDS
	1. Objects have many observable properties, including size, weight, shape, color, temperature, and the ability to react with other substances.  Those properties can be measured using tools, such as rulers, balances, and thermometers.

2. Objects are made of one or more materials, such as paper, wood, and metal. Objects can be described by the properties of the materials from which they are made, and those properties can be used to separate or sort a group of objects or materials.



	5-8  STANDARDS
	1. A substance has characteristic properties, such as density, a boiling point, and solubility, all of which are independent of the amount of the sample.

2. A mixture of substances often can be separated into the original substances using one or more of the characteristic properties.



	9-12  STANDARDS
	1. An element is composed of a single type of atom. When elements are listed in order according to the number of protons (called the atomic number), repeating patterns of physical and chemical properties identify families of elements with similar properties. This "Periodic Table" is a consequence of the repeating pattern of outermost electrons and their permitted energies.

2. Bonds between atoms are created when electrons are paired up by being transferred or shared. A substance composed of a single kind of atom is called an element. The atoms may be bonded together into molecules or crystalline solids. A compound is formed when two or more kinds of atoms bind together chemically.

3. The physical properties of compounds reflect the nature of the interactions among its molecules. These interactions are determined by the structure of the molecule, including the constituent atoms and the distances and angles between them.


	CONTENT CLARIFICATION 
Related Content Knowledge

	SCIENCE FOR ALL AMERICANS
	Matter: Things of the physical world seem to be made up of a stunningly varied array of materials. Materials differ greatly in shape, density, flexibility, texture, toughness, and color; in their ability to give off, absorb, bend, or reflect light; in what form they take at different temperatures; in their responses to each other; and in hundreds of other ways. Yet, in spite of appearances, everything is really made up of a relatively few kinds of basic material combined in various ways. As it turns out, about 100 such materials—the chemical elements—are now known to exist, and only a few of them are abundant in the universe. There are distinct patterns of properties among the elements. The small differences in composition and structure can give materials very different properties.

Evolution of Life: Natural selection is likely to lead to organisms with characteristics that are well adapted to survival in particular

environments. Yet chance alone, especially in small populations, can result in the spread of inherited characteristics that have no inherent survival or reproductive advantage or disadvantage. Moreover, when an environment changes, the advantage or disadvantage of characteristics can change. So natural selection does not necessarily result in long-term progress in a set direction. Evolution builds on what already exists, so the more variety that already exists, the more there can be.



	Go to SFAA…
	

	BENCHMARKS FOR SCIENCE LITERACY 
(ESSAY)
	Atomic theory powerfully explains many phenomena, but it demands imagination and the joining of several lines of evidence. Students must know about the properties of materials and their combinations, changes of state, effects of temperature, behavior of large collections of pieces, the construction of items from parts, and even about the desirability of nice, simple explanations. All of these elements should be introduced in middle school so the unifying idea of atoms can begin by the end of the 8th grade.

The scientific understanding of atoms and molecules requires combining two closely related ideas: All substances are composed of invisible particles and all substances are made up of a limited number of basic ingredients, or "elements." These two merge into the idea that combining the particles of the basic ingredients differently leads to millions of materials with different properties.

Students often get the idea that atoms somehow just fill matter up rather than the correct idea that the atoms are the matter. 
Middle-school students also have trouble with the idea that atoms are in continual motion. Coming to terms with these concepts is necessary for students to make sense of atomic theory and its explanatory power. The strategy here is to describe the complexity of atoms gradually, using evidence and explanations from several connected story lines. Students first learn the notion that atoms make up objects, not merely occupy space inside them; then they are introduced to crystal arrays and molecules. With this understanding, they can imagine how molecules and crystals lead to visible, tangible matter. Only then should the study of the internal structure of atoms be taken up. Bringing atomic and molecular theory into the earlier grades is a great temptation, but most students are not ready to understand atomic theory before adolescence. The theory is certainly essential to much of modern scientific explanation, but moving atomic/molecular theory forward to the earlier grades should be resisted. The tiny size and huge number of atoms in even a sand grain are vastly beyond even adult experience. Having students memorize the names of invisible things and their parts gets things backward and wastes time. Concrete perceptions must come before abstract explanations. Students need to become familiar with the physical and chemical properties of many different kinds of materials through firsthand experience before they can be expected to consider theories that explain them. There seems to be no tidy and consistent way to relate the terms atom, molecule, ion, polymer, and crystal. A facility in discussing these terms will grow slowly over time. Students should also not rush into discussions of nuclear theory. The abstractions are too formidable. The emptiness of the atom and its electrical balance, isotopes, decay, and radiation challenge the human mind. The preparations for these concepts should be developed carefully over several years so they can converge in high school.



	GRADES:
	

	Go to Benchmarks…
	

	CONTENT CLARIFICATION 
Research into Student Learning and Ideas about Teaching

	Go To Benchmarks…
	Nature of Matter

Elementary and middle-school students may think everything that exists is matter, including heat, light, and electricity (Stavy, 1991; Lee et al., 1993). Alternatively, they may believe that matter does not include liquids and gases or that they are weightless materials (Stavy, 1991; Mas, Perez, & Harris, 1987). With specially designed instruction, some middle-school students can learn the scientific notion of matter (Lee et al., 1993).
Middle-school and high-school students are deeply committed to a theory of continuous matter (Nussbaum, 1985b). Although some students may think that substances can be divided up into small particles, they do not recognize the particles as building blocks, but as formed of basically continuous substances under certain conditions (Pfundt, 1981). Students at the end of elementary school and beginning of middle school may be at different points in their conceptualization of a "theory" of matter (Carey, 1991; Smith et al., 1985; Smith, Snir, & Grosslight, 1987). Although some 3rd graders may start seeing weight as a fundamental property of all matter, many students in 6th and 7th grade still appear to think of weight simply as "felt weight"—something whose weight they can't feel is considered to have no weight at all. Accordingly, some students believe that if one keeps dividing a piece of Styrofoam, one would soon obtain a piece that weighed nothing (Carey, 1991).
Adaptation

Middle-school and high-school students may have difficulties with the various uses of the word "adaptation" (Clough & Robinson, 1985; Lucas, 1971; Brumby, 1979). In everyday usage, individuals adapt deliberately. But in the theory of natural selection, populations change or "adapt" over generations, inadvertently. Students of all ages often believe that adaptations result from some overall purpose or design, or they describe adaptation as a conscious process to fulfill some need or want. Elementary- and middle-school students also tend to confuse non-inherited adaptations acquired during an individual's lifetime with adaptive features that are inherited in a population (Kargbo et al., 1980).

	BENCHMARKS FOR SCIENCE LITERACY
	

	Go to NSES…
	In grades 5–8, the focus on student understanding shifts from properties of objects and materials to the characteristic properties of the substances from which the materials are made. In the K-4 years, students learned that objects and materials can be sorted and ordered in terms of their properties. During that process, they learned that some properties, such as size, weight, and shape, can be assigned only to the object while other properties, such as color, texture, and hardness, describe the materials from which objects are made. In grades 5-8, students observe and measure characteristic properties, such as boiling points, melting points, solubility, and simple chemical changes of pure substances and use those properties to distinguish and separate one substance from another.
Students usually bring some vocabulary and primitive notions of atomicity to the science class but often lack understanding of the evidence and the logical arguments that support the particulate model of matter. Their early ideas are that the particles have the same properties as the parent material; that is, they are a tiny piece of the substance. It can be tempting to introduce atoms and molecules or improve students' understanding of them so that particles can be used as an explanation for the properties of elements and compounds. However, use of such terminology is premature for these students and can distract from the understanding that can be gained from focusing on the observation and description of macroscopic features of substances and of physical and chemical reactions. At this level, elements and compounds can be defined operationally from their chemical characteristics, but few students can comprehend the idea of atomic and molecular particles.
Properties and Changes of Properties in Matter: A substance has characteristic properties, such as density, a boiling point, and solubility, all of which are independent of the amount of the sample. A mixture of substances often can be separated into the original substances using one or more of the characteristic properties.
Diversity and Adaptations of Organism: Biological evolution accounts for the diversity of species developed through gradual processes over many generations. Species acquire many of their unique characteristics through biological adaptation, which involves the selection of naturally occurring variations in populations. Biological adaptations include changes in structures, behaviors, or physiology that enhance survival and reproductive success in a particular environment.

	NATIONAL SCIENCE EDUCATION STANDARDS:
CONTENT-SPECIFIC
INFORMATION

GRADES:

5-8
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	>>> ROLE OR PERSONA…
	>>> TARGETED BEHAVIOR…
	>>> AUDIENCE…
	>>> PRODUCT OR ACTION…

	You are a…
	…who has been asked to…
	…who has been asked by…
	…who will…

	PERFORMANCE TASK
	The undersea world is the earth's last frontier. Very few people have ventured to the ocean's depth in a submersible vessel. Luckily you are

one of them. Because of your underwater experience as an oceanographer, you have been asked by the National Association of Maritime

Museums to create a poster that will be part of an exhibition that travels to museums across the country about underwater exploration.

Each poster will explain how scientific concerns about floating, sinking, and density were overcome during one of five historical voyages in

deep water submersibles. The poster selection committee has provided you with the specific criteria that must be followed.

· Describe the exact nature of problems that needed to be overcome.

· Address all three scientific topics (floating, sinking, and density).

· Be sure that all of the scientific content is accurate.

· Give the reason why this undersea voyage was taken.

· Include at least one picture of the submersible.

· Describe the time period during which the event occurred.

· Make the display visually pleasing.

· Avoid errors in grammar, spelling, or punctuation.

By ______ you should be prepared to present your poster to the selection committee.




	PERFORMANCE ASSESSMENT

	CRITERIA FOR SUCCESS
	PERFORMANCE LEVELS

	
	TERRIFIC: 3
	OK: 2
	NEEDS WORK: 1
	

	Problem

The exact nature of the problem is clearly communicated when you first see the poster.


	
	
	
	

	Reason for Voyage

The voyage background is described correctly.


	
	
	
	

	Science Concepts

Appropriate and accurate details explain the science content.


	
	
	
	

	Time Period

Description of time period is clearly evident.


	
	
	
	

	Drawings and Illustrations

All illustrations, photographs, and drawings add to the purpose and interest of the poster.


	
	
	
	

	Mechanics

There are no errors in capitalization, punctuation or spelling.


	
	
	
	

	Layout and Design

The overall organization, design, use of color, and use of space help to make the poster visually pleasing and to communicate the message.


	
	
	
	

	Neat and Presentable

The poster is very neat and presentable.


	
	
	
	

	COMMENTS


	CURRICULUM INTEGRATIONS
	>> Go to 
Cover Sheet
>> Go to Content Clarification
> Go to Performance Assessment
>> Go to Lesson…
1 | 2 | 3 | 4 | 5 | 6 | 7 | 8


	ART
	

	> Go to Art Standards…
> TN Art Standards…
	

	McREL NATIONAL STANDARDS AND BENCHMARKS DATABASE
	

	> Go to McREL…
	

	ENGLISH/
LANGUAGE ARTS
	1. All students must have the opportunities and resources to develop the language skills they need to pursue life's goals and to participate fully as informed, productive members of society. Literacy growth begins before children enter school as they experience and experiment with literacy activities—reading and writing, and associating spoken words with their graphic representations.
2. Students read a wide range of print and non-print texts to build an understanding of texts, of themselves, and of the cultures of the United States and the world; to acquire new information; to respond to the needs and demands of society and the workplace; and for personal fulfillment. Among these texts are fiction and nonfiction, classic and contemporary works.

3. Students adjust their use of spoken, written, and visual language (e.g., conventions, style, vocabulary) to communicate effectively with a variety of audiences and for different purposes.

4. Students use a variety of technological and information resources (e.g., libraries, databases, computer networks, video) to gather and synthesize information and to create and communicate knowledge.
5. Students use spoken, written, and visual language to accomplish their own purposes (e.g., for learning, enjoyment, persuasion, and the exchange of information).



	> Go to English/Language Arts Standards…
> TN English/Language Arts
	

	GEOGRAPHY
	

	> Go to Geography Standards…
	

	HISTORY
	

	> Go to History Standards…
	

	MATHEMATICS
	

	> Go to Mathematics Standards…
> TN Mathematics Standards
	

	SOCIAL STUDIES
	

	> Go to Social Studies Standards…
> TN Social Studies Standards
	

	TECHNOLOGY
	

	> Go to Technology Standards…
> TN Technology Standards
	


	CURRICULUM WEB LINKS
	>>> Go to Marco Polo…
	

	NAME OF WEB LINK
	WEB ADDRESS
	DESCRIPTION

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	LESSON TITLE: It Floats! It Sinks!                                                                          STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                         ENGAGEMENT
	>>> Go to FOR THE STUDENT…
	1

	LESSON OVERVIEW
	This lesson consists of three silent demonstrations. One involves examining the difference between the behavior of diet and regular colas when placed in fresh water. The second is to observe what happens when raisins are placed in a carbonated beverage. The final demonstration is to make a column consisting of a series of fluids of varying density.



	INSTRUCTIONAL GOALS
	· Recognize that different materials display different behaviors when placed in water.

· Recognize that different liquids can be separated according to their relative densities.


	FORMATIVE ASSESSMENT
	As an engagement activity, the only student performance that is monitored is class participation during the silent demonstration.

	BACKGROUND
INFORMATION
	All three of these activities revolve around the fundamental principles of density. Simply stated, objects that are denser than water sink.

Objects with a density less than water float. Thus, we can infer density relationships simply by observing the behavior of object when placed in a liquid. A can of diet cola floats in water; regular cola sinks. Diet colas contain artificial sweeteners; regular colas are sweetened with corn syrup. From observing the two containers in water we can infer that the sweeteners differ in density.

When first placed in the carbonated beverage, raisins sink. Then, like magic, they rise to the surface. They remain at the surface only for a brief time. Then they sink again. This process repeats itself as long as carbonation remains. The explanation for these observations is that raisins are naturally denser than the beverage. Bubbles of carbon dioxide accumulate on the surface of the raisin making them more buoyant. When the raisin rises to the surface, the bubbles are released making them less buoyant and so forth. This is a density phenomenon. In the final demonstration there is a gradation of density among the liquids. Thus when placed in a graduated cylinder, the liquids are sorted according to their densities. More dense liquids are found at the bottom; less dense liquids rest at the top. The correct order from bottom to top is glycerin, water, mineral oil, and isopropyl alcohol. After the density column is prepared, place an ice cube on the surface. The melting water should enable students to confirm the water layer.



	LESSON ORGANIZATION
	Opening the Lesson: 
(5  minutes)
	1. Introduce the summative performance assessment.

2. Describe how a silent demonstration works, mention expectations, and explain the class rules. In a silent demonstration the teacher

conducts the demonstration without talking. Students make careful observations. As a class they give a precise account of the events that

occurred during the demonstration.

	
	Developing the Lesson: 
(45  minutes)
	1. Perform the three silent demonstrations.

2. Give students ample thinking time to complete the Discovery Guide Worksheet.

	
	Closing the Lesson: 
(15  minutes)
	1. Use a scaffolded series of questions to help students arrive at tentative explanations for their observations.

2. Label a piece of chart paper with titles for the three demonstrations. Record possible explanations on chart paper and post them in a

prominent location for later reference. Avoid using unnecessary scientific terminology at this stage of the unit.

	TEACHING RESOURCES
	cans of diet and regular cola                                               safety goggles

graduated cylinder (100ml)                                                beaker (100ml)

large transparent container                                                glycerin

water supply                                                                           food coloring

paper towels                                                                           mineral oil

raisins                                                                                      isopropyl alcohol

clear carbonated beverage                                                  chart paper




	LESSON TITLE: It Floats! It Sinks!                                                                                                               
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	1

	LEARNING GOALS
	State Performance Indicator: 7.12.spi.1 determine the measurable properties of matter and appropriate metric units (i.e. weight, mass, volume, density, size (length, width, height), temperature).
NSES: Physical Science: 5-8, 1.1. Properties and Changes of Properties in Matter

· A substance has characteristic properties such as density.
Benchmarks: 6-8, 4.D2. Structure of Matter

· Equal volumes of different substances usually have different weights

	ASSESSMENT
	Pencil/pen                                                                      Discovery Guide Worksheet

Student notebook

	LEARNING ACTIVITY
	1. Rules for a Silent Demonstration.

· Observe very carefully and note even minor things that are taking place.

· Absolutely no talk is allowed during the demonstration.

· Students may take notes during the demonstration.

· Everyone is expected to participate in the follow up discussion.

2. Use the Discovery Guide Worksheet to record your observations.

Discovery Guide Worksheet

Cola Confusion

1. Silent Demonstration Observations

2. Possible Explanations for Your Observations
Raisin the Titanic

1. Silent Demonstration Observations

2. Possible Explanations for Your Observations
Layer upon Layer

1. Silent Demonstration Observations

2. Possible Explanations for Your Observations




	LESSON TITLE: The Case of the Condiment                                                           STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                            EXPLORATION
	>>> Go to FOR THE STUDENT…
	2

	LESSON OVERVIEW
	Students predict and observe how a variety of condiment packages behave when placed in a container filled with water. They create a data table that links floating and sinking with whatever characteristics of the condiment packages they can determine. They offer possible explanations for their findings.

	INSTRUCTIONAL GOALS
	· Recognize that different materials display different behaviors when placed in water.

· Create a data table.

· Associate events that occur in the activities with prior knowledge of floating and sinking.

	FORMATIVE ASSESSMENT
	Summary Reflection



	LESSON ORGANIZATION
	Opening the Lesson: 
(10 minutes)
	1. Give a general review of the student learning activity.

2. The Student Discovery Guide walks students through the construction of a data table. You might have students use a spreadsheet instead

of placing their data on paper.

3. Ask students to record their predictions for what will occur when various condiment packages are placed in a beaker of water. Have

students record their findings in student lab notebooks.



	
	Developing the Lesson: 
(45  minutes)
	1. Have students complete the instructions provided in the student learning activity.



	
	Closing the Lesson: 
(15  minutes)
	1. Collect the Summary Reflection.

2. Review the three reflection items. Label a piece of chart paper "floating and sinking." Record student responses to item two on the chart

paper. Post this in a conspicuous class location for future reference.

	TEACHING RESOURCES
	See: Audet, R. H. (1997). Sink or swim: Standards-based integrated science. Science Scope, 21, 17-19.
assorted condiment packages                               paper towels                                 beakers or jars

forceps                                                                      water supply
Note: not all condiment packets of the same type behave in the same manner. Ketchup and soy sauce packets typically float, but sink when pressure is added. Be sure to test these beforehand to see if the individual packets behave as intended. Clear soy sauce packages work best because they are clear and the air pocket is visible.




	LESSON TITLE: The Case of the Condiment 
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	2

	LEARNING GOALS
	State Performance Indicator: 7.12.spi.1 determine the measurable properties of matter and appropriate metric units (i.e. weight, mass, volume, density, size (length, width, height), temperature).
NSES: Physical Science: 5-8, 1.1. Properties and Changes of Properties in Matter

· A substance has characteristic properties such as density.
Benchmarks: 6-8, 4.D2. Structure of Matter

· Equal volumes of different substances usually have different weights.
NSES: Science as Inquiry: 5-8. Abilities Necessary to Do Scientific Inquiry

	ASSESSMENT
	3-2-1 Summary Reflection

3. Describe three differences between the predicted and the actual events.

2. Give two pieces of evidence to explain why some of the packets floated in water while other sunk to the bottom.

1. What is one major insight that you gained by completing The Case of the Missing Condiments activity?

	LEARNING ACTIVITY
	Part A

1. Sketch out a data table in your lab book that includes a row for each type of condiment package and four columns. Condiment type is your label for the first column.

2. Make an Observation column in your data table. Examine each packet carefully and record information about all of your observations.

     a.     What is the difference between an observation and an inference?

     b.      Is there anything in your list of observations that could be more correctly described as an inference? Which ones?

3. In a moment you will be placing each condiment packet in a beaker of water. Before you do this, add a column labeled Prediction to your data table. Predict whether each of the condiment packages will float or sink.

a. What are the reasons for each of your predictions?
4. Label the fourth column Results. Fill a beaker or jar with tap water. Now place each packet, one at a time, into the container. Record the results. Use forceps to remove the packets after testing them.

Part B

1. For the final phase of this activity ask your teacher for a soy sauce packet. Place a 2 liter plastic soda bottle that is filled to the neck with tap water. Cap the bottle tightly. Write your observations in your lab book.

2. Predict what would happen if you squeezed the bottle.

3. Test your ideas by squeezing the bottle slowly and firmly. Carefully observe what happens. Make sketches in your lab book showing any changes that occur.

4. Write a possible explanation for the events that occurred when you squeezed the bottle.

5. Now try this. See if you can suspend the soy sauce packet at one particular level in the bottle. If you are able to do this, explain why.

6. Complete the Summary Reflection.

	LAB SAFETY
	· Avoid spilling water on the floor.

· Notify the teacher immediately if any spills take place.

· Do not open or eat any of the condiment packages.


	LESSON TITLE: Inquiring about Fruit                                                                          STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                               EXPLANATION
	>>> Go to FOR THE STUDENT…
	3

	LESSON OVERVIEW
	This lesson applies a guided discovery approach and high-interest activities with fruit through which students explore and refine their concept of density.

	INSTRUCTIONAL GOALS
	· Generate ideas about floating and sinking.

· Develop a mathematical expression for density.

· Develop a fundamental understanding of the abilities necessary to conduct scientific inquiry.

	FORMATIVE ASSESSMENT
	Hold up a coconut or a picture of one for students to see. Explain that the coconut is the fruit of the coconut palm. Inform students that a coconut complete with its husk floats, but that the actual coconut sinks. You could substitute another fruit that exhibits this same kind of behavior. If possible, show a video clip of a volcano. Have students apply their current understanding about floating, sinking, and density to write a two paragraph explanation of the events that followed the eruption of Krakatoa.

	BACKGROUND
INFORMATION
	To a biologist, a fruit is the ripened ovary of the flower. As such, fruits contain one or more seeds. Students are likely to consider that such things as tomatoes, cucumbers, or peas, etc, are vegetables instead of fruits. Vegetable is not a scientific term. For this activity to achieve its goal, the distinction between fruits and vegetables must be made clear to students.

Also, the formative assessment assumes some general prior knowledge of biological succession, the well-known phenomenon that plant and animal communities undergo a natural and, oftentimes predictable, pattern of change over time. Provide students with a basic introduction to the concept of succession before they begin working on the assessment.

	LESSON ORGANIZATION
	Opening the Lesson: 
(30 minutes)
	1. Using the Senses to Investigate Fruits.

     a. Ask the students to name the five senses.

     b. Tell students that they will be using their senses to investigate the properties of fruits.

     c. Work with the entire class to create a data table for organizing their observations of fruit using the        

         five senses. Copy the table in the student's lab book.

     d. Group students into work pairs.

     e. Give students a working definition of a fruit.

     f. Review the lab safety rules.

     g. Have students examine each of the fruits and record their observation in the data table. Have   

         special containers labeled "Fruits to Taste" for this part of the activity.

2. Review student findings with the entire class using a transparency of the student data table.

     a. Ask students to summarize their current understandings of floating and sinking.

3. Review the difference between fruits and vegetables.

	
	Developing the Lesson: 
(45 minutes)
	Part A

1. Floating and Sinking Fruits

     a. Show the class an apple.

     b. Ask students to predict what would happen if you placed an apple in a container filled with water.

     c. Make a data table with headings for the columns called fruit, predictions, results, and possible 
         explanations.  Have students copy this table in their lab notebooks.

     d. Record the results for the apple.

     e. Repeat the above procedure with a variety of fruits. Have students record their observations in 

         their data tables.

2. Review possible explanations with the entire class using a transparency of the student data table.

     a. Ask students to summarize their current understandings of what controls whether a fruit floats or sinks.
Part B

1. In a whole class format, use guided discovery and a series of scaffolded questions to consider floating and sinking of an entire banana.

     a. What do you know about a banana in terms of your senses?

     b. What do you predict would happen if a banana was placed in water?

2. Challenge students to complete this sentence stem in their lab notebooks. I wonder what would happen if….

     a. Have students make predictions for each question that was elicited through the previous challenge.

     b. Ask students to write a sentence or two describing how they would test their predictions.

3. Select a few of the student ideas and carry out their mini-investigation in front of the entire class. Use students  who raised the ideas asyour assistants.

     a. Have students record their observations and offer possible explanations.

4. Have students record any new understandings about floating and sinking in their notebooks.

	
	Closing the Lesson: 
(30 minutes)
	1. Use direct instruction to introduce the concept of density.

2. Discuss the skills involved in conducting scientific inquiry using a transparency of the Inquiry Cycle 

3. Give a brief overview of biological succession with examples.

4. Conduct the formative assessment.

	TEACHING RESOURCES
	coconut                                                        fruits to taste containers

rulers large                                                  clear containers

variety of fruits                                           paper towels

hand lenses                                                 inquiry cycle transparency

	ENRICHMENT ACTIVITIES
	Have students conduct Internet research on Krakatoa the most violent volcanic eruption in recorded history.

	REFERENCES
	AIMS Education Foundation: The Big Banana Peel. Fresno, CA.
Llewellyn, D. (2001). Inquire Within. Thousand Oaks, CA: Corwin Press.
Winchester, S. (2003). The Day the World Exploded: Krakatoa.  NY: Harper Collins.



	LESSON TITLE: Inquiring about Fruit 
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	3

	LEARNING GOALS
	State Performance Indicator: 7.12.spi.1 determine the measurable properties of matter and appropriate metric units (i.e. weight, mass, volume, density, size (length, width, height), temperature).
NSES: Physical Science: 5-8, 1.1. Properties and Changes of Properties in Matter

· A substance has characteristic properties such as density.

Benchmarks: 6-8, 4.D2. Structure of Matter

· Equal volumes of different substances usually have different weights.

NSES: Science as Inquiry: 5-8. Abilities Necessary to Do Scientific Inquiry


	ASSESSMENT
	Date: August, 1883

Place: Krakatoa, an island in the Pacific Ocean belonging to Indonesia.

Catastrophic Event

A massive volcanic eruption that destroyed 3/4 of the island. Some say that the eruption of Krakatoa produced the loudest sound ever

heard.

What Happened Next

The explosion created a major seismic sea wave (also known as a tidal wave or tsunami) that caused the death of over 35,000 people.

Volcanic ash and lava covered this once lush tropical paradise to a depth of 200 feet, transforming the island into a place that, with the

exception of microbes was without any signs of life.

What Scientists Discovered Later

Within three years, various forms of life had returned, including simple plants such as grasses and ferns. Within 13 years, coconut palms

and sugar cane covered the landscape, but only near the coast. The central inland areas only had grasses and ferns. Palms appeared in the

inland areas 5-10 years later. What was happening on the island illustrates what scientists call biological succession.

Your Task

Apply your current understanding about floating, sinking, density, fruits, and seeds to write a two paragraph explanation for the

changes on the island that followed the eruption. Remember, a fruit is a plant structure that contains one or more seeds.



	LEARNING ACTIVITY
	The teacher will be leading you though these Explanation activities. You will be taking notes in your lab notebook. You will also be

designing small experiments, creating data tables, making predictions, recording observations, and drawing conclusions.

Be sure to follow instructions carefully and to become personally involved in inquiring about fruit. When the class finishes this activity, you will complete the assessment.



	LAB SAFETY
	1. Notify the teacher immediately if you have any food allergies.

2. Do not eat any of the fruits unless they are in the Fruits to Taste container.

3. Be sure to properly dispose of lab materials.


	LESSON TITLE: Something’s Fishy                                                                                STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                                 EXTENSTION
	>>> Go to FOR THE STUDENT…
	4

	LESSON OVERVIEW
	In this activity students replicate the Explanation activity in which they investigated density with condiment packages. Students apply their growing understanding of floating and sinking to consider how a Cartesian diver works and how goldfish use a swim bladder to regulate their position in a water column. They associate an adaptation with the enhanced survival of an organism that possesses this feature.

	INSTRUCTIONAL GOALS
	· Apply their understanding of sinking and floating to explain the swimming behavior of some fish.

· Make the connection between the behavior of the condiment package, the Cartesian diver, and the swim bladder of fish.

· Explain how an adaptation such as the swim bladder of a fish enhances survival.

	FORMATIVE ASSESSMENT
	Students complete the Summary Reflection and Thinking Questions given below.
Scoring Guide

4: All seven terms used and used correctly. All Thinking Questions answered.

3: Five or six terms used and used correctly. Most Thinking Questions answered.

2: Three or four terms used and used correctly. Some Thinking Questions answered.

1: Less that three terms used correctly. Few Thinking Questions answered.


	BACKGROUND
INFORMATION
	Fish behavior is a complex activity that involves factors associated with body shape, muscle physiology, fin shape, feeding behaviors, etc.

Most fish display a preferred location in the water column where they generally reside. The morphological characteristics of fish reflect their life style. Bottom-oriented fish have adaptations such as upturned mouths, flattened bodies, and large pectoral fins. Fish that live near the surface have dorsally flattened heads, and dorsal fins located near the tail of the animal.
Swimming requires energy. Thus, anything that makes swimming more efficient will enhance survival because it reduces the amount of

energy needed to carry on this vital life function. Streamlining, fin shape, and buoyancy mechanisms are all connected with swimming.

Buoyancy mechanisms are structural features that reduce the tendency of fish to sink. These adaptations come into play whenever fish swim vertically. For example, sharks have a massive oily liver that makes them more buoyant. Most bony fish have an air filled structure called a swim bladder that they inflate or deflate depending upon whether they wish to move upward or downward in the water column. Swim bladders are adaptive because they reduce the amount of energy needed to swim, which in turn reduces the amount of food a fish needs to eat. The swim bladder of a fish is analogous to the air-filled pockets in condiment packages and Cartesian divers. Squeezing the plastic bottle causes a pressure increase that decreases the size of the swim bladder or air enclosure in the condiment package or Cartesian diver. Since the volume decreases but the mass remains constant, the effect of adding pressure is to cause an increase in the density of these objects. This explains why they all sink when pressure is applied to the soda bottle.


	LESSON ORGANIZATION
	Opening the Lesson: 
(10 minutes)
	1. Review the Exploration (condiment) activity. Ask students to summarize the principal findings.

2. Review the Explanation (fruit) activity. Ask students to summarize the principal findings.

3. Ask students the following scaffolded questions about fish. Record responses on a transparency or   

     chart paper.

a. When you picture a fish swimming what images come into your mind?

b. What are some of the reasons why fish swim?

c. Think about the water found in the sea or a lake as divided into three vertical levels, top, middle, and 
    bottom. Would a certain type of

    fish regularly travel between all three levels or would it typically occupy only one of these levels. Give   

    an example and explain your reasons for this answer.

	
	Developing the Lesson: 
(25 minutes)
	1. Have students complete the Cartesian Diver activity and the Thinking Questions.

2. Conduct the goldfish demonstration.

     a. Explain that this activity may cause the fish temporary discomfort but should not produce any  

         long-term harmful effects.

     b. Complete the Thinking Questions.

	
	Closing the Lesson: 
(10 minutes)
	1. Review the Student Discovery Guide. Help students to make the connection between the behavior of   

    the condiment packages, the Cartesian diver and the behavior of the fish when subjected to a change               

     in pressure.

2. Help students to conclude that the swim bladder is an adaptation that enhances survival.

3. Conduct the formative assessment.



	TEACHING RESOURCES
	clean 2 liter soda bottle with stopper                                                      tap water

centimeter ruler                                                                                           aquarium water

aquarium fish net                                                                                        paper towels

goldfish or other small fish having a swim bladder                             Cartesian diver




	LESSON TITLE: Something’s Fishy
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	4

	LEARNING GOALS
	State Performance Indicator: 7.12.spi.1 determine the measurable properties of matter and appropriate metric units (i.e. weight, mass, volume, density, size (length, width, height), temperature).
NSES: Science as Inquiry: 5-8. Abilities Necessary to Do Scientific Inquiry
NSES: Life Science: 5-8, 5.2. Diversity and Adaptations of Organisms

· Biological adaptations include changes in structure that enhance survival in a particular environment.

Benchmarks: 5F2, 6-8. Evolution of Life

· Organisms with certain traits are more likely to survive.


	ASSESSMENT
	Summary Reflection

Prepare a single paragraph in which you correctly use each of the following terms. Use the words in any order you wish. Whenever you use the term, please underline it. Swim bladder Adaptation Density Cartesian diver Survival Float Sink Fish
Scoring Guide

4: All eight terms used and used correctly. All Thinking Questions answered.

3: Six or seven terms used and used correctly. Most Thinking Questions answered.

2: Four or five terms used and used correctly. Some Thinking Questions answered.

1: Less that four terms used correctly. Few Thinking Questions answered.



	LEARNING ACTIVITY
	Cartesian Diver

1. Fill a clean 2 liter soda bottle with tap water. The final water level should be a few centimeters from the top.

2. Place the Cartesian diver in the soda bottle.

3. Carefully observe what happens to the Cartesian diver. Record your observations.
     a. Make a drawing that shows where the diver is located in the bottle.

4. Use both hands to apply pressure to the sides of the plastic bottle. Keep the pressure constant.

     a. Observe the Cartesian diver carefully looking for small changes. Describe any effects that this pressure change appears to have on

     the diver.

     b. If you detect any changes, make a simple drawing of how the diver responds.

5. Experiment with squeezing the bottle.

     a. Are you able to keep the diver suspended in one position? How?

6. Release the pressure on the bottle.

     a. Describe how the diver responds when you stop squeezing the bottle.
Goldfish Demonstration

1. The teacher fills a clean 2 liter soda bottle with aquarium water and use a small aquarium fish net to transfer a goldfish into the soda

     bottle.

2. The fish are given a few minutes to adjust to its new surroundings.

     a. Carefully observe the fish's swimming behavior and record your observations.

     b. Make a drawing that shows where the goldfish tends to swim in the bottle.

3. Constant pressure is applied to the sides of the plastic bottle.

     a. Observe the fish carefully looking for small changes. Describe any effects that this pressure change appears to have on the goldfish.

     b. If you detect any changes, make a simple drawing of how the fish responds.
4. The teacher releases the pressure on the bottle.

     a. Describe how the fish responds when you stop squeezing the bottle.
Thinking Questions

1. How did the diver respond when pressure on the bottle was added and released?

2. How did the goldfish respond when pressure on the bottle was added and released?

3. Was there anything similar about the responses of the Cartesian diver and the goldfish when pressure on the bottle was added and    

     released?

4. Think carefully. What connection, if any, can you see or infer between the structure of the Cartesian diver and the condiment   

     packages used in the Exploration activity?

5. Think carefully. What connection, if any, can you see or infer between the structures of the goldfish and the condiment packages used 
     in the Exploration activity?

6. Is there anything similar about the responses of the Cartesian diver and the goldfish here and the behavior of the condiment packages

     during the Exploration activity?

     a. If yes, what are some possible explanations for these similar behaviors?

7. Think about your ideas about floating and sinking as you answer the following questions.

     a. Why do objects sink or float in water?

     b. Would a fish need to use energy to prevent it from sinking or floating?

     c. Would it be good for a fish if it did not have to expend energy to prevent itself from sinking or floating? Explain your answer.

8. Many fish have swim bladders. These structures are air filled sacs that make a fish less dense. Scientists say that a swim bladder  

     makes a fish more "buoyant."

     a. How would having a swim bladder offer an advantage to a fish?

9. Any feature that gives an advantage to a living thing and helps it to survive is called an adaptation.

     a. In what respects can we say that a swim bladder is an adaptation that enhances the survival of a fish?


	LAB SAFETY
	1. Live animals must always be handled with care.

2. Avoid spilling water on the floor. Any spills should be reported to the teacher and cleaned up immediately.


	LESSON TITLE: Voyage to the Bottom of the Sea                                                STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                             EVALUATION
	>>> Go to FOR THE STUDENT…
	5

	LESSON OVERVIEW
	In this performance assessment, students working in groups of four, read one of several passages depicting an historic voyage of a

submersible vessel. Some accounts are fictitious, some real. They create posters that give a scientific explanation for the events described in these historical narratives.



	LESSON ORGANIZATION
	Opening the Lesson: 
(10 minutes)
	1. Review the performance assessment.

2. Assign student workgroups.

3. Have student groups randomly select their readings.

4. Check for student understanding.

5. Distribute the five readings.

	
	Developing the Lesson: 
(90 minutes)
	1. Allow students approximately 60 minutes to design their posters and another

2. Be available to students if they have any difficulty with the readings.

	
	Closing the Lesson: 
(10 minutes)
	1. Student presentations.

2. After all presentations are completed ask students to complete the 3-2-1 Reflection.

	TEACHING RESOURCES
	Readings and Websites for the Assessment

1.  Voyage of the Trieste to the Challenger Deep.

       www.pbs.org/wnet/savageseas/deep-side-journey.html

2.  20,000 Leagues Beneath the Sea: Jules Verne. See chapter, titled, "Some Figures."

      www.underthesun.cc/Classics/Verne/twentyleagures/ twentyleagures12.html

3.  The Sinking, Rescue of Survivors, and Subsequent Salvage of the USS Squalus.

     www.history.navy.mil/danfs/s/squalus.htm

4.  H. L. Hunley, A Confederate Submarine.

     www.numa.net/books/hunters.htm

5.  William Beebe's bathysphere.

     Seawifs.gsfc.nasa.gov/OCEAN_PLANET/HTML/ocean_planet_ book_beebe1.html


	ENRICHMENT ACTIVITIES
	Have students conduct research on Jacques Cousteau and SCUBA, Robert Ballard's discovery of the Titanic, or the Kursk disaster.


	LESSON TITLE: Voyage to the Bottom of the Sea                                                
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	5

	LEARNING GOALS
	Standard 12.0:  Structure and Properties of Matter

Learning Expectation:
12.2 Identify and measure the simple properties of common substances.

Performance Indicator State:
7.12.spi.1 determine the measurable properties of matter and appropriate metric units (i.e. weight, mass, volume, density, size (length, width, height), temperature.)

NSES: Physical Science: 5-8, 1.1. Properties and Changes of Properties in Matter

· A substance has characteristic properties such as density.
Benchmarks: 6-8, 4.D2. Structure of Matter

· Equal volumes of different substances usually have different weights.

	MATERIALS
	Poster          material          glue          scissors          markers          rulers



	PERFORMANCE
ASSESSMENT
	The undersea world is the earth's last frontier. Very few people have ventured to the ocean's depth in a submersible vessel. Luckily you are one of them. Because of your underwater experience as an oceanographer, you have been asked by the National Association of Maritime Museums to create a poster that will be part of an exhibition that travels to museums across the country about underwater exploration. Each poster will explain how scientific concerns about floating, sinking, and density were overcome during one of five historical voyages in deep water submersibles. The poster selection committee has provided you with the specific criteria that must be followed.

· Describe the exact nature of problems that needed to be overcome.

· Address all three scientific topics (floating, sinking, and density).
· Be sure that all of the scientific content is accurate.

· Give the reason why this undersea voyage was taken.

· Include at least one picture of the submersible.

· Describe the time period during which the event occurred.

· Make the display visually pleasing.

· Avoid errors in grammar, spelling, or punctuation.

By ______ you should be prepared to present your poster to the selection committee.

Readings and Websites for the Assessment

1. Voyage of the Trieste to the Challenger Deep. 
Go to Trieste

2. 20,000 Leagues Beneath the Sea: Jules Verne. See chapter, titled, "Some Figures."

Go to Nautilus

3. The Sinking, Rescue of Survivors, and Subsequent Salvage of the USS Squalus.

Go to Squalus

4. H. L. Hunley, A Confederate Submarine.

Go to Hunley

5. William Beebe's bathysphere.

Go to Bathysphere
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It Floats!  It Sinks!
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