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	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.)
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	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.
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	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.
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	CONTENT CLARIFICATION 
Associated K-12 Science Standards and Benchmarks
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	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.
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	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.
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	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.
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	CONTENT CLARIFICATION 
Research into Student Learning and Ideas about Teaching
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	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
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	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.
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