	[Grade 9-12 --- Conservation of Matter]

Standards- and Research-Based Study of a Curricular Topic



	Section and Outcome
	Selected Sources and Readings for Study and Reflection

Current Research on Topic

	I. Identify Adult Content Knowledge
	Some major concepts of the conservation of matter include the flow of energy and the concept that the total amount of matter and energy remains constant, even though their form and location undergo continual change. Elements do not leave the reaction but are rather conserved. There is no net gain or loss of matter. Some new content that was learned was the historical background behind the conservation of matter for combustion reactions. Since this theory complimented already accepted theories, such as Dalton’s Atomic theory, it was easily and widely accepted. Some examples used to explain the ideas are food webs, ecosystems, and combustion. Another new insight that I gained from this reading is that the adults may not understand specific examples of the conservation of matter, such as chemical reactions, but they do understand the overall concept that matter cannot be created or destroyed within a system. The enduring understanding that all adults, including teachers, know about this topic is the universe has a finite amount of matter so it cannot be created or destroyed. Matter can only change form or location and therefore, its total amount is conserved. There is a connection between the seen and the unseen. There is a connection between atoms (and other building blocks of matter) and higher forms of matter that people readily experience and see (organisms, plants, animals). There is a connection between living, growing, decomposing, and recycling of matter. From this reading, it seems as though K-12 education wants students to grasp a broad understanding of the conservation of matter that can be applied to some examples due to bridging the gap between different science topics. I.e. Biology and Chemistry. The technical terminology used in the reading includes: element, matter, combustion, energy, molecules, food web, reaction (as it applies to chemistry), atom, and ecosystem. These imply the vocabulary that all adults should be familiar with in this topic.
IA. Science for All Americans 

      ( Chapter 5, Flow of Matter and Energy, pages 66-67
( Chapter 10, Understanding Fire, pages 153-155
IB. Science Matters

      (There was no section IB for this topic.

	II. Consider Instructional Implications
	A suggestion for effective instruction of this topic is be aware of what grade level you’re teaching. Don’t force overly complicated concepts on students when the students do not have the proper background knowledge to understand the concept. Teaching must be inquiry based and hands-on. The focus should be on getting students to understand that a system must conserve matter and a reaction is an example of a system. A misconception is atoms fill matter up vs. atoms are matter. For Kindergarten through fourth grade, students can reflect on similarities and differences of common objects through observation, manipulation, and classification. For fifth through eighth grade, the focus shifts from properties of the object to properties of what the object is made of and there is a larger use of technical terms. For high school, students develop the ability to relate macroscopic properties to the microscopic structure of substances and have the ability to investigate these properties through lab experiments with chemical reactions. Representations and everyday experiences are effective in learning the ideas in this topic. Tinker Toys or Legos, so students can get experience building things from small objects. When using magnifiers, they can see view things that might not otherwise be seen without the magnifier. Students can discover unexpected details. Students should see many reactions where the products are very different from the reactants. For middle aged students, rolling balls and mechanical toys can help them go from qualitative descriptions to quantitative descriptions, such as forces. In order to help the reader gain a K-12 “big picture view” of the topic, the book discusses the mental development of students as they go from kindergarten to 12th grade. It tells what students should know at grade level checkpoints that correspond to mental development. The material builds on itself. Students will not be able to understand a more detailed related concept if they do not have the proper foundation. The essays and vignettes illustrate the central role inquiry plays in learning the ideas in this topic for each range of grade levels. In Kindergarten through fourth grade, students will discover understanding of similarities and differences of objects through hands-on observation and manipulation. In fifth through eighth grade, in addition to observation and manipulation of objects, students also measure characteristic properties of objects to bring in a quantitative aspect. In high school, students investigate properties of matter through laboratory experimentation with chemical interactions.   
IIA: Benchmarks for Science Literacy
       ( 4D, Structure of Matter general essay, page 75; grade span essays, pages 76-79
( 10F, Understanding Fire general essay, page 249; grade span essays, pages 250-251
IIIB: National Science Education Standards

       ( GradesK-4, Standard B essay, pages 123,126
( Grades5-8, Standard B essay, page 149

( Grades9-12, Standard B essay, page 177; Standard F essay, pages 193, 197

	III. Identify Concepts and Specific Ideas
	The learning goals that align well with this topic are to qualitatively explain that total mass of system stays the same and the total amount of atoms stays the same. The concepts and skills that make up the learning goals in this topic are characteristics of atoms and how they interact with other atoms through bonding by transferring or sharing electrons, and computation skills. These goals show that the focus should be more on conceptual than on computational aspect of the conservation of matter. The ideas are similar when concerning bonding and atomic characteristics. Benchmarks goes into more depth about protons, neutrons, and electrons as well as atomic charges. Benchmarks also elaborates on rate of reactions and isotopes. NSES specifically talks about the difference between solids, liquids, and gases while Benchmarks alludes to it.  Both hint at periodic trends. The facts, concepts, principles, and theories that are embedded in the standard are how atoms interact: either by sharing or transferring electrons, bonding, physical and chemical properties, the differences between solids, liquids, and gases, and periodic trends. The organizers used in the standards helped me to organize ideas in this topic from small to big, which starts with the foundation (atoms) and then builds upon it (bonding, molecules, etc.).

IIIA: Benchmarks for Science Literacy

     ( 4D, Structure of Matter, pages 76-80
( 10F, Understanding Fire, pages 250-251
IIIB: National Science Education Standards

     ( GradesK-4, Standard B, Properties of Objects and Materials, pages 127

( Grades5-8, Standard B, Properties and Changes of Properties in Matter, page 154

( Grades9-12, Standard B, Structure and Properties of Matter, pages 178-179

	IV. Examine Research on Student Learning
	The misconceptions or alternative ideas that student might have about the conservation of matter are mass being associated with “massive” and so was associated with size or volume-estimate mass by bulk of appearance. When students observe solid changing to liquid, they may think that it loses weight or mass. When children observe a liquid changing to a gas they may construct the idea that weight or mass is lost. They may think a loss of mass during the combustion. Ideas about physical state of material are found to influence how they interpret a change. Students can’t accept weight as an intrinsic property and can’t distinguish between weight and density. The suggestions as to what contributes to students’ misconceptions or difficulties are not knowing what matter is and students can’t understand what they don’t see. By 5th grade, students are more likely to understand qualitatively and quantitatively that matter is conserved in transforming from solid to liquid and qualitatively in transforming from solid or liquid to gas if the gas is visible. Important prerequisites include knowing what matter is, the importance building blocks of concepts like physical properties and mass, and understanding changes between states of matter. The Benchmark idea are no matter how things interact combine or break apart, the total weight stays the same and if the number of atoms stays the same regardless of arrangement, the mass stays the same. The research clarifies this idea only in the sense that it allows the teacher to be better prepared for misconceptions. However, the reading does not offer suggestions on how to fix these misconceptions. Examples of tasks that could be used to find out what students know about this topic include a combustion experiment and a demonstration with ice and melted ice in interview fashion about weights. The research just gives misconceptions and why students may have them, but it gives no solutions for helping students avoid or overcome the misconceptions. The framework that students use to reason about ideas in this topic is observation determines student perception.
IVA: Benchmarks for Science Literacy

       ( 4D, Structure of Matter, pages 336-337
IVB: Making Sense of Secondary Science: Research into Children’s Ideas

       ( Chapter 8, Conservation of Matter, page 77; Mass, pages 77-78
( Chapter 9, The Solid State, page 79; The Liquid State, pages 79-80; The Gaseous State, page 80; Melting, page 80; Evaporation, page 81; Dissolving, pages 83-84
( Chapter 10, Combustion, page 87-88; Conservation of Matter Through Change, pages 88-89

	V. Examine Coherency and Articulation
	A map helps trace a concept or skill from its simple beginning to a culminating, interconnected, sophisticated idea in that it has lines that show how conceptual growth has taken place from K-2 to 9-12. A concept box in a lower grade (K-2) will have a line with an arrow pointing to a new box showing how the ideas are related and how the concept has evolved to a more complex one. The main concepts of this topic can fall within four categories: changing vs. constant properties, parts and wholes, changes of state, and keeping track. Within these concepts, the big connection deals with matter being made of atoms and mass must remain the same within a closed system. There is a math component to conservation of matter that needs to be used to prove that the total mass of a closed system stays the same. In addition, the idea of conserving mass and the idea that the weight of a whole object is always equal to the sum of the weight of its parts can be related to the idea of constancy, where the total amount of matter and energy within any system remains precisely the same. This idea of conservation is crucial in Physics and Biology as energy must be conserved within ecosystems and other systems through different energy transformations. The concept map is all before grades 9-12. The prerequisite ideas then would be that students would have to understand what atoms are; no matter how substances within a closed system interact, the total mass of the system remains the same; and the idea of atoms explains the conservation of matter: If the number of atoms stays the same no matter how the same atoms are rearranged, then their total mass stays the same. The conceptual strands help demonstrate a coherent way to organize concepts and skills within this topic by showing what concepts or skills should be learned by grades K-2, 3-5, and 6-8. The use of arrows and level of the strands shows how to organize the concepts and skills based on their complexity. The strands organize the concepts with lower complexity lower on the map and higher complexity higher on the map. The use of arrows then shows the sequential growth from one or more lower complexity concepts or skills to one or more higher complexity concepts or skills. The map helps show the conceptual growth that needs to take place before a student can understand the concept of the conservation of matter. Without the proper foundation in atoms, changes of phases, matter, and weight, students are unable to discern weight conservation, especially if a chemical reaction occurs where gas is absorbed or emitted. The topic of conserving mass is a gradual process that starts with numbers between the ages of 6 and 7, moves to lengths and amount of solids and liquids between ages 7 and 8, area between 8 and 10, weight between 9 and 11, and displaced volumes between 13 and 14. This topic is difficult for students to grasp without a firm foundation and becomes more difficult if things within a system seem to disappear, such as gas in a chemical reaction. The skill benchmarks that require students to be able to measure and make observations about objects, manipulate properties of objects, and keep track of things (knowing where they come from and where they go) are the basic foundations of the knowledge benchmarks in the conservation of matter. Without having these skills, students would not be able to understand that total mass within a system must remain the same if they do not understand that objects can be changed or measured. 
V:   Atlas of Science Literacy 

       ( Conservation of Matter, pages 56-57

	VI. Clarify State Standards and District Curriculum
	In the district curriculum, students will have gone over atoms prior to learning about stoichiometry, which is a crucial foundation for understanding the law of conservation of matter.  In addition, the guide covers differentiating between the four states of matter prior to this topic, as well as physical and chemical changes. This is important for students to understand that though changes may occur within the system, the total mass remains the same. There is no focus on the concept of conservation of matter. Although this law is used for calculation, the focus is more on the math calculation than on the concept itself. The addition of cognitive performance verbs promotes the learning of the ideas in this topic because they explicitly tell the student and teacher what the student needs to know about or do with a certain concept in order to measure student understanding. The verbs used in the district standard are “apply” and “calculate,” which has students use what has been previously learned in new situations and disassemble a whole into parts until the relationship among parts is clear. Since research has shown that students have difficulty with this topic, application is appropriate in that it has students use the concept of the law of conservation of matter and apply it to other aspects in chemistry, such as how much product can be formed from this much reactant? In addition, the verb “calculate” allows students to start with given amounts of mass and quantitatively see how mass is conserved, which can complement the qualitative approach to understanding the law of conservation of matter. The research findings can inform the placement of district standards by showing misconceptions that students have about and within a certain topic. For the conservation of matter, these misconceptions are due to the fact that students do not understand the foundation for the topic. Having a foundation in what atoms are and differences and changes in states allows students to better understand conservation of matter. The study of states of matter and atomic theory occur before conservation of matter is covered. The readings have improved my interpretation of the concepts and skills associated with the topic of the conservation of matter. I have come to realize that the concept of conserving matter within a system should be the main focus instead of a specific example of this: mass conservation in a chemical reaction. In addition, the importance of having a foundation in atomic theory and states of matter has become very apparent in this study. Though certain lessons may seem like common sense lessons that all students should already know, this is not always the case. Although the curriculum program does not give specific lessons that need to be taught (rather it gives benchmarks that should be covered in relation to a certain topic), research shows that there are many concepts within a curriculum guide that must be covered as foundation for other concepts. As seen from this topic study (Atlas, Benchmarks, etc.), almost all knowledge builds off of itself. Aside from some few occasions, most topics need to be revisited with new contexts and increasing sophistication of concepts. As seen with the conservation of matter, the process of understanding this topic can be broken into two parts: understanding conservation and understanding matter. First students must understand atoms and separately must understand that nothing is gained or lost within a system. An example of the latter would be changes in state: when liquid water disappears, it turns into a gas and can reappear as a liquid or solid when cooled. Then the student needs to understand what mass is. Then the law of the conservation of matter can begin to make sense as students piece together the parts of the whole.
VIA: State Standards: There is no End of Course Exam for Chemistry.
VIB: District Curriculum Guide or Instructional Materials: Chemistry Pacing Guide for Alachua County.

	Visit www.curriculumtopicstudy.org for updates or supplementary readings, Web sites, and videos. 


