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RATIONALE

Science is an active process. Therefore, learning science should be an active process. The National Science Education Standards (NRC, 1996) and the Ohio Academic Content Standards (ODE, 2003) both stress the need for inquiry teaching and learning at all grade levels in the science classroom.  In Science for All Americans, the authors suggests that science education should “help students to develop the understandings and habits of mind they need to become compassionate human beings able to think for themselves and to face life head on” (Rutherford & Ahlgren, 1990, p. v). To be able to make critical decisions by looking at all of the possible outcomes is one goal of science education. Critical thinking, conceptual understanding, and having the skills to do science are the core principals of a good science curriculum. There are many curriculum products and even science textbooks available that help a science teacher guide investigations and follow an inquiry approach.  However, most of these curriculum packages do not address a key concern today, assessment of student learning.
The reform movement towards using alternative assessments is deeply rooted in Constructivist theory.  Constructivism is concerned with how the student learns and that they, the student, is an active participant in the learning process (Ornstein & Hunkins, 2003).  Typically, during an alternative assessment students are given a general guideline, and then the learner has the freedom to demonstrate his/her understanding creatively. Also, common during alternative assessments is the use of group work or cooperative learning, which also provides a social construction of knowledge also a major theme in constructivism.

The focus of this instructional design will be on developing inquiry-based science lessons, using the 5-E model (Bybee, 1997), that are evaluated by using alternative assessments that are meaningful and that document students learning of not only content but also inquiry skills. The National Science Education Standards (NSES) (NRC, 1996; p. 22) define inquiry as:

A multifaceted activity where students: make observations; pose questions; research in textbooks and other reference materials what is already known; plan and implement investigations; use evidence to explain questions; use tools to gather, collect, and interpret data; propose answers, questions, and predications; and communicate findings.

As a result of this unit fourth grade students will not only experience inquiry-based science curriculum, but they will also document what they have learned through multiple types of assessments, such as KWL’s, exit passes, graphic organizers, and even creative assessments like a skit or play.

References

Bybee, R. (2000). Teaching science as inquiry. In J. Minstrell & E. H. van Zee (Eds.), Inquiring into inquiry learning and teaching in science (pp. 20-46). New York: American Association for the Advancement of Science.
National Research Council (2000). Inquiry and the national science education 

Standards. Washington, DC: National Academy Press.

National Research Council (1996). National science education standards. Washington, DC: 

National Academy Press.

Ohio Department of Education (2003). Academic content standards. K-12 science. 

Columbus, OH: Center for Curriculum and Assessment.

Ornstein, A., Hunkins, F. (2003). Curriculum: Foundations, Principles, and 

Issues. Upper Saddle River, NJ: Allyn & Bacon.
Rutherford, F. J. & Ahlgren, A. (1990).  Science for all Americans. New York: Oxford

University Press.

SUB UNIT OUTCOMES

Instructional Goals/Objectives

Students will be able to:

· Students will be able to define and give examples of physical properties. (Knowledge)
· Students will be able to define in their own words the term matter. (Knowledge)
· Students will be able to state examples of the three states of matter. (Comprehension)
· Students will be able to compare and contrast the states of matter. (Comprehension)
· Students will be able to locate examples of each state of matter in the classroom. (Application)
· Students will be able to explain how the molecules of solids, liquids, and gasses are different. (Comprehension)
· Students will be able to use their “four senses” to make careful observations to compare and contrast the physical properties of objects. (Inquiry)
· Students will be able to select the appropriate tools and use relevant safety procedures to measure and record length, weight, volume, temperature and area in metric and English units. (Inquiry)
· Students will be able to record the results and data from an investigation and make a reasonable explanation. (Inquiry)
· Students will be able to explain three kinds of factors that can change the state of matter and to be able to tell if it is physical or chemical. (Analysis)
· Students will be able to differentiate between the two kinds of change that can occur to matter to change its form. (Comprehension)
· Students will be able to give examples of the characteristics of change that can occur (heating, cooling, and addition of materials). (Synthesis)
PRE ASSESSMENT

STATES OF MATTER PRE-ASSESSMENT

1) What is matter?
2) Matter comes in three states, what are those three states?

3) Looking around the classroom, can you find examples for each of the three states of matter?

4) What can you do to an ice cube to cause it to change it from its original form? Is that chemical or physical?

5) What can you do to a cup of water to change its form? Would that be chemical or physical?

STATES OF MATTER

KWL
In the “What I Know…” column, write down at least four items that you know about matter.

In the “What I Want to Know…” column, write down at least 4 things that you would like to learn about.

In the “What I Learned…” column, at the end of the lesson answer your own questions that you wrote in the “What I Want to Know…” column, correct any mistakes you might have made in the “What I Know…” column, and write down any new information you have learned from this lesson.

	WHAT I KNOW ABOUT MATTER
	WHAT I WANT TO KNOW ABOUT MATTER
	WHAT I LEARNED ABOUT MATTER


States of Matter (Grade Four)

Day One (40 minute periods)

Instructional Goals:

Students will be able to:

· Students will be able to define and give examples of physical properties.

· Use their “four senses” to make careful observations to compare and contrast the physical properties of objects.

Materials:

· Handout : Physical Properties of Matter

· Paper and pen

· Chalkboard and chalk

· One of each of the following for each group (6 groups): Rubber eraser, Wooden block, Glass bottle, Butterfly clip, Rock, Plastic cube

Reference: Lesson plan is modified from Properties of Matter, Frey Scientific, 2000, School Specialty.

Procedure:

Engage (5-10 Minutes)

· Ask the students if they have ever played the game “20 questions.”

· If not explain to them how it is played by doing an example (pick something out of the room to use as an example).

· How did you come up with your questions for the game 20 questions? 

· What kinds of things did you think of when you were trying to figure out what I was thinking of? (Probe for the descriptive words)

· Sometime scientists describe things using their senses. Can you tell me what your senses are? (smell, sight, taste, touch, hearing). 

· Remind students that scientists don’t taste so we will only use our other four senses to make observations.

· Tell the students that they will be learning how to be good scientists and how to be great observers.

Explore (15 minutes)

· Set up the six objects (rubber eraser, wooden block, glass bottle, butterfly clip, rock, plastic cube), in six different areas of the room so that students can walk around each to observe.

· Count off by four and have the ones be the material holders, two- reporters, threes- recorders, and fours- timers for their station work around the room.

· While the class is observing the different objects, have them fill out the handout in as much detail as possible.

· Remind the students that when they are observing an object to use their senses, but not taste.

· Ask them to feel it. How does it sound when you tap on it, how does it smell?

· Ask them if they each have something in common?

Explain (10 minutes)

· Draw a web on board or overhead. The center of the web should be titled “Physical Properties.” I will need six bubbles for categories to write in the properties given from the students.
· Ask the class to share what they have observed.
· As they give off each observation group them together in the web by category. (The students don’t know the categories yet, they will have to determine what the bubbles have in common later).
· Let the students to talk about any property that they have observed without a direct observation.
· Ask students to tell you what each category (bubble) has in common with the words grouped.
· See if the students can come up with the following categories (color, texture, shape, size, odor, mass, and state of matter). If not ask guiding questions to help them, i.e. “I notice a theme of shading here, what is another word for that?, or “what is another word for length”.
· Explain that each of these categories is a physical property of matter, (A characteristic that describes a substance, such as size, shape, and texture)
· Record the name of different category in each of the bubbles as students identify them.
Evaluation:

· Ask the students to describe three or more physical properties using examples from today’s activity.

Ask the student’s to describe other examples of physical properties by using other objects in the classroom, (fan, apple, goldfish…)

Name____________________________      Date_________________________

PHYSICAL PROPERTIES OF MATTER

	Examples

of Matter
	Using all of your senses, EXCEPT TASTE, describe the objects.

	Rubber

Eraser 
	

	Wooden

Block
	

	Butterfly

Clip
	

	Glass 

Bottle
	

	Rock


	

	Plastic

Cube
	


States of Matter (Grade Four)

Day Two (40 minute periods)

Instructional Goals:

Students will be able to:

· Define and give examples of physical properties.

· Define in their own words the term matter.
· Use their “four senses” to make careful observations to compare and contrast the physical properties of objects.

Materials:

· Paper and pen

· Chalkboard and chalk

· One of the following items : Globe, eraser, textbook, chair, posterboard, sweater)

· Exit Slip

Reference: Lesson plan is modified from Properties of Matter, Frey Scientific, 2000, School Specialty.

Procedure:

Engage: (5 minutes)

· Can someone tell me about the ways that we can describe the physical properties of matter. (color, texture, shape, size, odor, mass, and state of matter).
· Ask students if they can describe some items in the classroom that contained matter (anything that has mass and takes up space).
Extend: (15 minutes)

· Divide students into groups of four (Count off by four and have the ones be getters, two- reporters, threes- recorders, and fours- timers)
· Give each group one new classroom item, (Globe, chalkboard eraser, textbook, chair.. ect)
· Ask each group to observe the new object and determine its physical properties.
· Have the recorders record the groups observations.
· Ask each of the reporters to share with the rest of the class each of the physical found by the groups.
· Ask the class if they can think of any properties that the group could have added.
· Remind students about the categories of physical properties if they were not using them in their discussions. (color, texture, shape, size, odor, mass, and state of matter).
Closure (Explain)
· Explain, that understanding different properties of objects is one way to be able to describe objects.
· Each object can also be described using the term MATTER (anything that has mass and takes up space). Each of the objects we have been observing are matter.
· Mass is one of our physical properties and it one of the key components of matter.
· Matter is found everywhere in the world and it can take many different forms which we will be learning more about during our unit.
Evaluate (5 minutes)

Give the students an exit slip of these questions:

· List three examples of objects that are matter.

· Describe at least three physical properties of each item.

Name_______________________                                  Date_______________________

EXIT SLIP

1. Complete the following table to show your understanding of physical properties:

	Example of Matter
	At least three physical properties of that example:

	
	

	
	


2. In your own words, what is matter?

States of Matter (Grade Four)

Day Three (40 minute periods)

Instructional Goals:

Students will be able to:

· State examples of the three states of matter, 

· Compare and contrast the states of matter,

· Locate examples of each state of matter in the classroom
Materials:

· http://www.dmturner.org/Teacher/Library/4thText/MatPart4.html
· Paper and pen

· Chalkboard and chalk

· 3 Jars one empty, one with water, and one with dirt in it

· Graphic Organizer, three overlapping 

· Globe

· Matchbox car

Procedure:

Engage: (10 minutes)

· How many of you have ever played with Legos or Connex?
· What were  you able to build with these materials? (houses, cars, robots)
· How did you know how to create your object? (looked at the real object)
· Scientists do this often in real life, they call this modeling. Today we are going to begin by looking at some models I have brought in from home.

· Explain to students that they are going to be observing a variety of models and it is their job to determine: how does the size of the model compare to the size of the object it represents, how is the model different from the object it represents, and why is the model different.
· Hold up the globe and ask if they can say what this is a model is and why it was made? (Look for; that is easy to study the earth and easy to handle)

· Hold up the matchbox car and ask why would car designers use a model like this instead of a real car. (Look for; that it is easy to look at and to handle)

· Hold up the model of the molecule and ask why scientist would use this? (Look for; that it is bigger and easy to see)

· Ask the students why scientists or car designers use models.

· A model is something scientists use when the object they are interested in is too BIG or too SMALL to study. 

Explore: (5 minutes)

· Give each group 3 jars (one filled with air, water, and sand).

· Ask students to observe each of the jars for their physical properties.

· This might be difficult for some students (air- we don’t “see” anything). So have them “think-pair-share” some of the properties and share with the class.

· Ask the students to compare and contrast the matter in each of the jars.

Explain: (25 minutes)

· Ask the groups to share the physical properties of the matter from each of the jars.

· Ask other groups if they had different observations.

· Make sure that students understand the differences between solids, liquids and gases.

· Solid- Molecules are close together and the object keeps its shape.

· Liquid- Molecules are not as close together as solids. Liquids keep the shape of the containers.

· Gasses- Molecules are widely spaced and fills all available space.

· Introduce the text reading about states of matter from the web page: http://www.dmturner.org/Teacher/Library/4thText/MatPart4.html
· Explain to students that they will be reading with their partner and together they will begin to fill out an Overlapping Classes graphic organizers comparing the three states of matter, solids, liquids and solids. 

· The reading should focus the students learning on the three different states of matter; solids, liquids, and gasses. 

Name_______________________                                  Date_______________________

Graphic Organizer

     SOLID








LIQUID

GAS

States of Matter (Grade Four)

Day Four (40 minute periods)

Instructional Goals:

Students will be able to:

· State examples of the three states of matter, 

· Compare and contrast the states of matter,

· Explain how the molecules of solids, liquids, and gasses are different. 
· Select the appropriate tools and use relevant safety procedures to measure and record length, weight, volume, temperature and area in metric and English units.
· Record the results and data from an investigation and make a reasonable explanation.
Materials:

· Tape

· Ice cube

· Hot plate

· Thermometer 

· Handout: Changing states of matter 

· Stopwatch

· Thermometer

Safety: Students should wear safety goggles and use tongs when using the hotplates. I will need to check for loose clothing around the hotplates.

Reference: Lesson plan is modified from Properties of Matter, Frey Scientific, 2000, School Specialty.

Procedure:

Engage: (5 minutes)

· Do you know how molecules act in the different states?

· Tell the students that we will be playing the Molecule Game.

· Explain the rules to them.

· Have the students spread out throughout the room and move in circles that will cause them to bump into each other.

· Then have all the students move to one half the room where they will bump into each other more frequently.

· Make a square on the floor with tape and have the students all try to fit into it.

· Tell the students that the first example where they had a lot of space to move around represents gas. When they had half the space and bumped into each other more often was liquid. When they had no space, it represented a solid.

Extend: (30 minutes)

· Explain to students that they will be observing the states of matter change today.

· Pass out the handout and explain what they will be keeping track of.

· Assign someone the role of timekeeper.

· Have someone be the temperature keeper.

· Set up the hotplate and put the ice cube on it and then start the stopwatch. 

· Have the timekeeper call out the minutes and when they do have the temperature keeper call out the temp.

· Do this until the ice cube has turned into steam or until 20 minutes is up.

· Give directions for the clean up of materials and ask the students to share their results with the class.

· Ask students to describe the physical properties of the states of matter (ice- solid, water- liquid, gas- steam)

· Students should notice that the ice was colorless, had a specific shape and size, and was smooth.

· Students should notice that the water was colorless, took the shape of the beaker it was in and looked like water.

· Students should notice that the steam was colorless, was hot, and had no shape or texture.

· Ask the students how all of these changes could have taken place from the same substance?

· Ask if they can relate what they have seen to the game they have played the previous day?

· The particles had more and more room to move so they became more and more spread out, less structure and texture.

Evaluate (5 mintues)

· Ask the students, in pairs to take their data and graph their results on graph paper.

Does looking at the data in this format change you conclusions in any way?

Name ____________________________ Date ___________________

CHANGING STATES OF MATTER

Predictions: 

1. At what temperature do you think the ice will be completely melted? __________

2. At what temperature do you think the water will boil? _______________

Data Table:

	Time in Minutes
	Temperature in C
	Observations

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	

	12
	
	

	13
	
	

	14
	
	

	15
	
	

	16
	
	

	17
	
	

	18
	
	

	19
	
	

	20
	
	


Questions:

1. At what temperature did your ice melt? ________________________

2. At what temperature did you water boil? _______________________

3. What other observations did you make about your ice? __________________

4. What conclusions can you draw from your observations? 

States of Matter (Grade Four)

Day Five (40 minute periods)

Instructional Goals:

Students will be able to:

· Explain how the molecules of solids, liquids, and gasses are different. 
· Use their “four senses” to make careful observations to compare and contrast the physical properties of objects.

Materials:

· Computer
· Chalk board and chalk
· Markers
· Oobleck
· http://www.chem.purdue.edu/gchelp/liquids/character.html
· http://www.harcourtschool.com/activity/states_of_matter/index.html
· http://www.dmturner.org/Teacher/Library/4thText/MatPart4.html
· Seuss, D. (1949) Bartholomew and the Oobleck. Random House, Inc. New York
Safety- Oobleck should not be tasted. Oobleck should not be poured down the drain. Allow to dry over night, it will harden and can be thrown in the trash.

Procedure:

Engage: (10 minutes)

· Review with students the definition matter that we have been studying. They should respond with “anything that has mass and takes up space”. 

· Explain to students that they are about to learn about different types of matter in today’s lesson.

· To help you think about different kinds of matter I am going to read you a story, can you find different types of matter in this story. 

· Read parts of Dr. Suess and the Oobleck text.

· Pause after the early pages of the text and ask if students have found air, rain, fog, and snow as matter?

· Ask students what kind of substance they think oobleck might be? 

· Ask students if it would be a solid, liquid or gas.

Explore: (20 minutes)

· Ask students to cover their desks with newspaper for easy clean up.

· Give each group of four a small container filled with oobleck (cornstarch and water).

· Allow 10 minutes for students to explore the substance. Move around the room asking the students to tell you if they think oobleck is a solid or liquid and why?

· Ask students to justify their responses.

· What evidence do students have that it is a solid—can be made into a ball. Feel hard when touch it.

· What evidence do students have that it is a liquid- flows like water, takes the shape of its container.

Explain (5 minutes)

· Using the computer and projector, show students the interactive states of matter site where they can “see” the particles move. http://www.chem.purdue.edu/gchelp/liquids/character.html OR http://www.harcourtschool.com/activity/states_of_matter/index.html
· Have students add this additional information to their graphic organizers from day three.

· Make sure that students understand the differences between solids, liquids and gases as well as how a substance moves from one state to another, cooling or heating.

a. Solid- Molecules are close together and the object keeps its shape.

b. Liquid- Molecules are not as close together as solids. Liquids keep the shape of the containers.

c. Gasses- Molecules are widely spaced and fills all available space.

Evaluate: (5 minutes)

· Ask each of the students to complete an exit pass answering the following questions:

· Give an example of each of the three states of matter using objects that can be found in our classroom.

· Compare and contrast at least two properties of solids, liquids and gasses.

Name_______________________                                  Date_______________________

EXIT SLIP

1. Give an example of each of the three states of matter using objects that can be found in our classroom.

2. Compare and contrast at least two properties of solids, liquids and gasses.

POST ASSESSMENT


WHAT’S THE MATTER

A SHORT SKIT WRITTEN AND DIRECTED BY YOU,

THE STUDENT

Supplies:

Pencil, lined paper, colored paper or poster board, art supplies (if needed), and your creative mind.

Groups:

You will be placed into one of three groups; Group Solids, Group Liquid, Group Gas. 

Instructions (to be read aloud):

Attention, Mr. Clark’s 4th grade class. Attention. Hollyweird here and we need your help in making a movie to become the next BIG HIT. We have already come up with the title of the movie, which is called “What’s the Matter,” but we now need a script to go along with the title and that is where you come in. As you have already been split up into the three states of matter groups, you now need to write a short skit (3-5 minutes) describing your group. If you are the Liquid Group describe in your skit what makes you a liquid, solid or a gas. It is up to you to determine what type you want this movie to be (comedy, drama, etc…), and so you can leave your writing to your imagination. Just a note to your script, even though we are from Hollyweird, we do not want to read about any inappropriate subject matter. If we receive a script that has that type of content in it, then you will have to speak with our sensor department head (Mr. Clark). Other than that, you are free to write your script out in any matter you so choose. Please work together on writing and be sure to practice, because our camera crew will be out to your class tomorrow to film. Just remember, your skit needs to talk about your form of matter other than that, you are free to let your imagination loose. We look forward to seeing you at the opening, a week from today.

WHAT’S THE MATTER RUBRIC

	CATEGORY 
	4 
	3 
	2 
	1 

	Presentation 
	Well-rehearsed with smooth delivery that holds audience attention. 
	Rehearsed with fairly smooth delivery that holds audience attention most of the time. 
	Delivery not smooth, but able to maintain interest of the audience most of the time. 
	Delivery not smooth and audience attention often lost. 

	Content 
	Covers topic in-depth with details and examples. Subject knowledge is excellent. 
	Includes essential knowledge about the topic. Subject knowledge appears to be good. 
	Includes essential information about the topic but there are 1-2 factual errors. 
	Content is minimal OR there are several factual errors. 

	Originality 
	Product shows a large amount of original thought. Ideas are creative and inventive. 
	Product shows some original thought. Work shows new ideas and insights. 
	Uses other people's ideas (giving them credit), but there is little evidence of original thinking. 
	Uses other people's ideas, but does not give them credit. 

	Requirements 
	All requirements are met and exceeded. 
	All requirements are met. 
	One requirement was not completely met. 
	More than one requirement was not completely met. 


