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Matter


	I. Adult Content Knowledge
	IA: Science for All Americans

      Ch. 4, Structure of Matter, pgs. 46-49
              1.  Matter is made up of

· Chemical elements

· Chemical elements combined together

2. Elements are made up of

· Different kinds of atoms (particles too small to see in a microscope.

· Atoms join together in different configurations to form substances. 

3. Patterns of properties among the elements
· Highly reactive metals 

· Less-reactive metas, 

· Highly reactive non-metals (such as chlorine, fluorine, and oxygen) 

· Nonreactive gases (helium and neon)

· Carbon and Hydrogen, (essential elements of living matter)

4. Composition of an Atom

· Central, positively charged nucleus -Protons (very small fraction of the atom’s volume, but containing most of the mass)
· Outside of nucleus is surrounded by a cloud of lighter, negatively charged electrons (range from 1 up to about 100 – matches the number of charged particles, or protons) 

· Electrons determine how the atom will link to other atoms to form molecules. 

· Neutrons (electrically neutral particles) in the nucleus add to its mass but do not affect the number of electrons and so have almost not effect of the atom’s links to other atoms (its chemical behavior)

5. States of Matter

· Depend on temperature and pressure.

· Water and some other substances can take a solid, liquid, and gaseous form.

· When matter gets cold enough, atoms or molecules lock in place in an orderly fashion as a solid. 

· Increasing temperature will increase the average energy of motion of the atoms. They become more agitated and move farther apart (material expands) as the temperature increases they will begin to slide past one another. Further increase in temperature the atoms begin to move more freely bouncing off one another, as in a gas.

IB: Science Matters: Achieving scientific literacy
      Ch.  7,  Atomic Structure  p. 95-109

1. The way a material behaves depends on how its atoms are arranged.

2. A clump of atoms bound together is called a molecule, and molecules form all matter. 

3. Gases:

· Invisible

· Can expand

· Each gas particle is an individual atom

· Don’t stick to one another 

· Heating gas causes particles to move faster which also increases pressure.

4. Liquids:

· Do not have a fixed shape

· Have a fixed volume

· Molecules slide past one another

· Individual molecules don’t stick tightly together

5. Solids:

· Have a fixed shape (more or less)

· Atoms in solid bind together

· Crystals, glasses and plastics; three of the most important varieties of solids – differ in their atomic structure

6. Changes of Phase

· Ice – Liquid – Gas

· As heat is added to ice the molecules begin to vibrate and become a liquid, as more heat is added it will become a gas (steam) 

· All phases involve shifts in energy

7. Physical Properties

· Any aspect of a material that you can measure

· Examples of physical properties are; flexible, strong, light, colorful


	II. Consider Instructional 
Implications
	IIA:  Benchmarks for Science Literacy
         4D, Structure of Matter general essay, p. 75; grade span essays pgs. 76-79
8. Students need to understand that first, all substances are composed of invisible particles. These substances are made up of a limited number of elements. This leads to the idea that the combination of these elements or “basic ingredients” can make up millions of different substances.
9. The complexity of atoms needs to be presented gradually.

10. Student must first learn that atoms make up objects, and not just fill up space inside the object. 

11. Because theory makes up most of the scientific explanation of atomic/molecular theory it is essential not to introduce to early.

12. Concrete explanations must first be understood.

K-2:  Describe objects in terms of the materials they are made of and their         physical properties.
Understand that things can be done to materials to change some of their properties, but not all materials respond the say way.

3-5: Objects and materials should be described with more sophisticated properties, such as conduction of heat and electricity, buoyancy, response to magnets, solubility, and transparency. 

Heating and cooling cause changes in the properties of materials. 

Parts of objects are put together in different ways but it doesn’t effect the wight of the whole object made. 

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

When new materials are made by combining two or more materials, it has properties that are different from the original materials. 
6-8: All matter is made up of atoms. Atoms may stick together in well-defined molecules or may be packed together in large arrays. 

Equal volumes of different substances usually have different weights. 

Atoms and molecules are always in motion. Increased temperature means greater average energy of motion. 

IIB:  National Science Education Standards
         Grades K-4 Standard B essay p. 123, 126
1. Children need to have opportunities to increase their understanding of the characteristics of objects and materials. They can achieve this by manipulating the materials around them through classification and describing differences. 

2. Have specific distinctions of groups of objects and materials. 

3. Begin to record data and using measuring devices.

           Grades  5-8 Standard B essay p, 149

1. Children shift their understanding from properties of objects and materials to the characteristic properties of the substances.

2. Begin to understand basic concepts of energy and how it impacts matter and the states of matter. 


	III. Identify Concepts and               Specific Ideas 
	 IIIA:  Benchmarks for Science Literacy
           4D, Structure of Matter, pgs. 76-80

IIIB:  National Science Education Standard

          Grades K-4, Standard B, Properties of Objects and Materials, p. 127

1. Objects have many observable properties, including size, weight, shape, color, temperature, and also they have the ability to react with other substances.

2. Objects are made from one or more materials and can be described by the properties of the materials from which they are made. 

3. Materials can exist in different states – solid, liquid, and a gas. 

          Grades 5-8, Stand. B, Properties and Changes of Prop. in Matter, p. 154

1. A substance has characteristic properties such as density, a boiling point, and solubility. 

2. Substances react chemically with other substances to form new substances (compounds) and form different characteristic properties. 



	IV. Examine Research on Student Learning
	IVA:  Benchmarks for Science Literacy
          4B, Water Cycle, pg. 336

1. Students may believe that when water evaporates it no longer exists.

          4D, Structure of Matter, pgs. 336-337

1. Students may believe that matter doesn’t include liquids and gases. 

2. Student may believe that gas is weightless, therefore is not matter.

3. Don’t recognize particles as foundation for materials.

4. Students may think of weight as “felt weight” and if not felt then it doesn’t have weight at all.

5. If students do not understand what matter is and  understand weight as an important property of matter, they will have a difficult time understanding conservation of matter.

6. Students have a difficult time grasping the nature and behavior of particles. 

IVB:  Making Sense of Secondary Science: Research Into Children’s Ideas

          Chapter 9. Solids, Liquids, and Gases, pgs. 79-84

1. Regard a solid as anything that is made of a rigid material, any powder as a liquid, and any non-rigid material (such as a cloth or sponge) as “in between” a solid and a liquid. 

2. A liquid is identified by a child as anything that can be poured or is “runny”.

3. Classifying viscous liquids such as honey is sometimes problematic.

4. Regard liquid form of a material as having less weight than the same mass of its solid. 

	V. Examine coherency and Articulation
	V.  Atlas of Science Literacy I
      States o Matter, pgs. 58-59

      K-2:

1. Things can be done to some materials to change their properties

2. Water left in an open container will disappear, but water in a closed container will not disappear.

        3-5:

1. Air takes up space

2. Collections of pieces (powders, marbles, wooden blocks) may have properties that the individual pieces do not. 

3. Heating and cooling cause changes in the properties of materials.

4. When liquid disappears it turns to a gas and can reappear as a liquid or a solid if cooled below the freezing point of water.

        6-8   

1. All matter is made up of atoms

2. Atoms may stick together in different arrangements to form all substances.

3. Atoms and molecules are always in motion. 

4. Increase temperature means greater average energy of motion
5. Energy appears in different forms

6. Heat energy is the disorderly motion of molecules.

7. In solids the atoms or molecules are closely locked in positionand can only vibrate.

8. Liquids, they have higher energy and more loosely connected, and slide past one another 

9. Gases, the atoms or molecules have still more energy and are not attached to one another and only have contact on an occasional collision. 



	VI: State Standards
	VIA:   State Standards
           Grade K-2

1. Identify observable properties of objects using the senses

2. Compare objects by observable properties

3. Classify objects by observable properties

4. Classify materials as solids or liquids.

5. Describe objects in terms of measurable properties

            Grade 5

1. Identify matter is made of smaller units.
2. Distinguish between mixtures and compounds

3. Describe changes of matter




Hierarchy of Content Knowledge in a Topic

Topic: Matter
Grade Level: 3-5

Unifying Concepts and Processes:
· Changes


· Energy

Big Ideas:
· States of Matter
· Properties of Matter

Concepts:
· Matter is made up of molecules
· Air takes up space
· Matter is everything around us
· Energy causes change
· Physical & Chemical change
· Solid, Liquid, and gas

· Volume

· Mass

· Weight

State Learning Goals: 

AZ Science Standards: Physical Science, Strand 5: Concepts 1-5:

Benchmarks III; 

All materials and objects are considered matter and are made up of elements combined together to make other materials. 
Specific Ideas:
· Heating and cooling of objects changes the properties of materials

· Parts of objects are put together in different ways, but doesn’t effect the weight ob the whole object made.

· When liquid disappears it turns to a gas and can reappear as a liquid or a solid if cooled.

· New materials are made by combining two or more materials, it has properties that are different from the original ones. 

· Matter is made of smaller units

· Effect of energy on matter

Facts and Terminology:
· Phase changes of matter

· Physical properties of matter

· Atoms are the smallest unit of matter

· Evaporation
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