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Research-based Strategy:  Sharing Learning Targets with Students

Research tells us that when students know what the ‘target’ is, they are much more likely to ‘hit’ it.  Seems fairly straightforward, doesn’t it?  After all, how many times can you recall sitting in a class or a meeting and struggling to figure out “what am I supposed to be getting from this?” or “what does the principal really expect to see me doing in my classroom?”  

Further, research into the way people learn suggests that students (people of all ages) need to know within the first 8 minutes of a class/presentation what you want them to learn and feel that it can be attained in order to engage.

By instituting the practice of routinely sharing learning targets with students, you may expect to see more than a 20+ percentile increase in student achievement, as compared to classrooms where this practice is absent (Marzano, 2007)!

Simply put, a learning target is a description of what students will need to know or be able to do.  For example, “describe properties of material objects based on information gathered from observations,” describes the learning/skill that we expect students to be able to do.  On the other hand, “describe your favorite stuffed animal,” describes the activity or the context, but not the learning. It is important to separate the learning target from the activity in order to promote transferability of particular knowledge and skills from one context to another.  Similarly, “read pages x-y of your book and answer the questions on page z,” describes the homework/practice (activity) but fails to clearly identify the learning that is supposed to result from this activity.  

Some additional examples:

	BEFORE…learning target unclear 
	AFTER…Learning target
	Context

	To present an argument for and against stem cell research.
	To present a reasoned argument including ‘for’ and ‘against’ positions.
	Stem Cell Research 

	To know what a scientist does.
	To understand how science is ‘done’ and what constitutes ‘scientifically accepted evidence.’
	Research Scientists 

	To determine which paper towel is the most absorbent.
	To apply the qualities of fair tests when designing and conducting an investigation.
	Paper Towel Comparisons

	To read chapter 2 on Matter in the textbook.
	To identify and classify physical properties of matter as it occurs as a solid, liquid, or gas.
	Textbook information


It is also important to be sure that the language you use for your targets be appropriate for the level of students that you are teaching.  For example, the target of “conclude from observations that objects can be made of one or more materials” may work fine for upper elementary or older students, but if working with younger students, you may reword it to “I can observe objects and tell if they are made of just one kind or more than one kind of material.”  

The important thing is to have a clear learning target formulated every day and to share it with students at the beginning of each class/lesson – in words and in writing – and then to review that target upon completion of the class/lesson.  

Success Criteria

Once your learning targets are clear, you will need to share or co-construct with students the ‘success criteria’ for the target.  In other words, if your target is:  “to know that some materials conduct heat better than others,” you need to also describe how students are going to be evaluated on their success with this.  For example, you may remind students that the context they will be working in will be using different types of metal wires with drops of wax on them in a ‘clothesline’ configuration, being heated to see which causes the wax to melt first.  So, the success criteria may be:

Remember to:

· Keep the investigation controlled (fair test*).

· Record the results in a table.

· Repeat the trials 3 times.

· Draw a conclusion about conductivity of each type of metal.

· Support your conclusions with evidence.

*See Classroom Chart for “Fair Test” Criteria  (supposing that this has been attended to in an earlier experience in the classroom)

By so clearly defining the learning along with how to self-assess the learning, you have provided your students with a scaffolded plan for success.  There is no ‘guessing’ about what you expect and what they need to do to be successful!

Resources/References related to Learning Targets/Success Criteria

Exemplars 

A group of Kentucky educators that participate in the Science Leadership Support Network have worked over the past 2 years to create an example of the deconstruction of Kentucky Science standards into learning targets for the big idea of Structure and Transformation of Matter.  The high school targets are attached to this newsletter. Please note that for high school, only the standards that deal with the concept of PROPERTIES OF MATTER are included in this deconstruction.  
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Deconstructing Standards into Achievable Learning Targets Powerpoint

I have a powerpoint that has been used to train many Kentucky educators on this topic.  Feel free to contact me if you would like to have a copy of this.  

Classroom Assessment for Student Learning: Doing it Right, Using it Well, Stiggins, Richard, et al.  ETS/Assessment Training Institute, 2005.  (http://www.assessmentinst.com/)

Inside the Black Box: Raising Standards Through Classroom Assessment, Black, Paul and Wiliam, Dylan. Phi Delta Kappan, 2002.  (http://www.pdkintl.org/kappan/kbla9810.htm )
The Art and Science of Teaching, Marzano, Robert. Association for Supervision and Curriculum Development, 2007. (http://www.ascd.org/memberbooks )

Formative Assessment in Action: Weaving the Elements Together, Clarke, Shirley. Hodder Education, 2005. (http://www.shirleyclarke-education.org/)

Unlocking Formative Assessment, Clarke, Shirley. Hodder Education, 2001. (http://www.shirleyclarke-education.org/)

Where can I find general science resources for classroom use and professional growth?

Educational Resources 

1. Digital Library for Earth System Education (http://www.dlesse.org) 

The Digital Library for Earth System Education (DLESE) is a distributed community effort involving educators, students, and scientists working together to improve the quality, quantity, and efficiency of teaching and learning about the Earth system at all levels.

DLESE supports Earth system science education by providing:

· Access to high-quality collections of educational resources 

· Access to Earth data sets and imagery, including the tools and interfaces that enable their effective use in educational settings 

· Support services to help educators and learners effectively create, use, and share educational resources 

· Communication networks to facilitate interactions and collaborations across all dimensions of Earth system education 

DLESE resources include electronic materials for both teachers and learners, such as lesson plans, maps, images, data sets, visualizations, assessment activities, curriculum, online courses, and much more.

The National Science Foundation provided funding for the development of DLESE which is now operated by the National Center for Atmospheric Research (NCAR) Computational and Information Systems Laboratory and the NCAR Library on behalf of the education community. 

2. Exploratorium: Ice Stories (http://www.exploratorium.edu/icestories/index.php)

In a series of live webcasts held in celebration of the International Polar Year, educators at the Exploratorium in San Francisco will be talking throughout the month with scientists at McMurdo Station near the South Pole about the many research projects they’re conducting.  Participants of these webcasts will meet penguin biologists, glaciologists, cosmologists, geologists, and marine scientists working in Antarctica and the Arctic.  They’ve been given cameras and asked to document their adventures, in real time, so you can follow their research, ask questions, and share in their discoveries as they occur.  Posted to the website are their photos, videos, and blogs.

3. National Science Digital Library  (http://nsdl.org/ )

NSDL is the National Science Digital Library, the National Science Foundation (NSF)'s online library of resources for science, technology, engineering, and mathematics education and research.

Professional Development Activities/Resources

1. Kentucky Science Teacher’s Association Mid Winter Conference
Horse Cave, Kentucky – February 15-16  ( http://www.ksta.org/midwntr139.cfm )
Sessions will introduce the specialized Karst Landscape found in South Central Kentucky through a variety of subject area methods. Information will be presented on new teacher internships, ways to teach scientific method in the field, the Kentucky Green and Healthy School program, as well as topical programs on predator/prey, weather, cave animals, evolution and adaptations through time. A variety of speaker backgrounds include . . .

· Mammoth Cave National Park 

· Kentucky Down Under 

· American Cave Museum/Hidden River Cave 

· Western Kentucky University 

· Kentucky Environmental Education Council
2. The 2008 Kentucky Teaching and Learning Conference – March 5-7  (http://kentuckytlc.org/KTLC/ )
Start making plans now to attend the 2008 Kentucky Teaching and Learning Conference. The theme, Student Learning for the 21st Century—Every Child, Every Day, will showcase excellence from schools and districts across the Commonwealth along with multiple featured speakers and our KDE partners whose work is aligned to the various aspects of student engagement.

3. The Habitable Planet (http://www.learner.org/channel/courses/envsci/index.html) 

The Habitable Planet is a free multimedia course for high school teachers and adult learners interested in studying environmental science. The Web site provides access to course content and activities developed by leading scientists and researchers in the field. Each unit includes a thirty-minute video and an online textbook chapter. Additionally, there are five interactive lab activities that bring together concepts from several units into one focused activity. A Professional Development Guide that provides all the information needed to use the course materials in a class or workshop session is available in a downloadable PDF document. Information on obtaining graduate credit for taking the course is also provided.

The Habitable Planet is a multimedia course for high school teachers and adult learners interested in studying environmental science. The Web site provides access to course content and activities developed by leading scientists and researchers in the field.

4. Understanding Evolution & Adaptation Workshop
     Louisville Zoo (http://www.louisvillezoo.org/education/prodevelop.htm) 

JUNE 25th & 26th, 2007

8:30 a.m. – 3:30 p.m. at The Falls of the Ohio State Park & The Louisville Zoo

The Falls of the Ohio State Park  and the Louisville Zoo are collaborating to offer a two-day (12 hour PD credit) workshop  designed to help teachers and other interested educators better understand the unifying scientific concept of evolution.  This workshop will explore such questions as:  What is science?,  What is the difference between a scientific theory and a belief?,  How do we tell geologic time? What is Natural Selection?  Participants will learn a number of creative activities that can be put to use in the classroom to help answer these questions, thus aiding in understanding evolution and the nature of adaptations. This program is designed for teachers in grades 6 through 12, however all interested individuals are welcome to apply.  Class size will be limited to approximately 25 people.      

5. American Museum of Natural History (http://www.amnh.org/learn/) 

The American Museum of Natural History developed Seminars on Science, its online teacher professional development program, in order to connect teachers across the United States and around the world to cutting-edge research and to provide them with powerful classroom resources. The program consists of eight online graduate-level courses in the life, Earth, and physical sciences.  

These online courses are rich with imagery, video, interactive simulations, and vibrant discussion connect learners to the Museum's scientists, laboratories, expeditions, and specimens. The following features distinguish Seminars on Science courses: 

· Courses are co-taught by an experienced educator and a Museum scientist. 

· Each course takes place over six weeks, with a seventh week available for the completion of assignments. 

· Each participant receives a CD of course resources for personal and/or classroom use. 

· Participants benefit from the rich discourse each week in online discussion boards that can be accessed any time and any place where web access is available.

6. Smithsonian Science Education Academies for Teachers (http://www.nsrconline.org) 

As part of the world’s premier museum and research complex the NSRC can provide special access for teachers to the resources behind the scenes of the Smithsonian and other museums and facilities around Washington, D.C.  Contextualized with high-quality hands-on experiences that can be translated to classroom practice, these academies provide a powerful professional development experience.

7. Aviation Workshop
The Kentucky Department of Aviation with the Kentucky Department of Education will be providing the Kentucky Aviation Teacher Institutes. These institutes will be at five different locations throughout the state, including a level II for those who have already participated in the level 1 workshop. Participation in these workshops will teach yourselves and your students about the world of aviation and how it relates to math, science, and geography in the classroom. It would be highly beneficial to have a group of teachers from each school to have the subject more integrated.  

If you need any more information or if you have questions contact Paige Hankla (phankla@ky.gov) at the Kentucky Department of Aviation.

8. NSTA WebSeminars (http://learningcenter.nsta.org/products/webseminars.aspx )

NSTA Web Seminars are 90-minute, live professional development experiences that use online learning technologies to allow participants to interact with nationally acclaimed experts, NSTA Press authors, and scientists, engineers, and education specialists from NSTA government partners (NASA, FDA, NOAA, NSF and NSDL). 

Educators use online tools that allow them to mark-up and annotate presenter's slides or share desktop applications in addition to engaging in chat with others online and answering quizzes and poll questions. Seminars may be archived and available for viewing after the live event has occurred. 

9. ETS/Assessment Training Institute Webinars 

(http://www.ets.org/portal/site/ets/menuitem.c988ba0e5dd572bada20bc47c3921509/?vgnextoid=2884ecd56a12d010VgnVCM10000022f95190RCRD&vgnextchannel=7ffa0f431e12d010VgnVCM10000022f95190RCRD )

ETS sponsors a series of free webinars on a variety of topics concerning K-12 education. Upcoming Webinars include:

Sound Grading Practices (Ken O’Connor)-- Student grades should reflect what students have actually learned. In this webinar, Ken O'Connor, author of A Repair Kit for Grading: 15 Fixes for Broken Grades, will explore what teachers can do to make grades support learning. He will also describe grading practices that result in accurate and meaningful communications about student learning.

What Makes an Assessment Formative? (Rick Stiggins)-- If assessment is the process of gathering information to inform instructional decisions, what are the decisions that can lead to more learning, and how can assessment help? Who are the most likely decision makers? What information is likely to be helpful? This webinar will explore why and how the answers to these questions define formative assessment in productive terms.

Student Competition Opportunities

1. The Cosmic Lesson Competition (http://www.cosmiclesson.com)

High school and middle school teachers and their students are invited to participate in a unique, year-long learning adventure and the opportunity to win a Digital STARLAB Planetarium system.  

Using a team approach, participants will be challenged to create a dynamic lesson using Starry Night software for ultimate presentation in the Digital STARLAB Planetarium.  Incorporating outside images, video and data, teams will attempt to create the most effective and impressive lesson possible.

The completed Cosmic Lesson entries must be submitted by December 31, 2008

2. DNA Essay Contest (http://genednet.org/pages/k12_dnaday08.shtml) 

The American Society of Human Genetics Announces the 3rd Annual DNA Day Essay Contest open to Middle and High School students.  Teachers of first place winners receive $2,000 to purchase classroom equipment. Deadline for submission is March 17, 2008 at 5:00 PM EST.

The contest is separate for middle and high school students.

Middle School (7th & 8th graders)

1. Why is it important for us to discover the patterns of genotypic and phenotypic similarity and difference in living things and why should we understand the theories that describe the importance of genetic diversity for species and ecosystems?

2. Why is it important for us to learn about our family health history?  What can our family health/medical history tell us?  What doesn’t it tell us?

High School (9th through 12th  graders)

1. Discuss the practical implications that genetics research is playing in our lives today.  Discuss where it might lead us in the next 10 years.

2. If you could be a human genetics researcher, what would you study and why?

3. Alliance for Science High School Essay Contest (http://www.allianceforscience.org/essay) 

Alliance for Science is sponsoring an essay contest with this year’s theme being “Climate, Agriculture, and Evolution.”  Students are encouraged to submit essays of up to 1,000 words on one of two topes: “Climate and Evolution”, or “Agriculture and Evolution.”  Essays will be judged for their scientific focus, and correctness, quality of analysis and interpretation, personal voice and interest, and clarity and style of writing.

For the “Climate and Evolution” topic, students are asked to consider the interaction between the slow changes driven by evolution with the potentially much more rapid impact of climate change.  For the “Agriculture and Evolution” theme, students are encouraged to think broadly about the interplay between naturally evolved plant and animal species, traditional plant selection and animal breeding methods, and recent technological option such as genetic engineering.

Please send comments and suggestions about this newsletter to rae.mcentyre@education.ky.gov
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DECONSTRUCTING SCIENCE STRUCTURE AND TRANSFORMATION OF MATTER STANDARDS INTO LEARNING TARGETS INTRODUCTION


This document represents one way to take content standards (from Kentucky's Program of Studies and Core Content for Assessment) and transform them into manageable instructional learning targets or objectives.  The process of 'deconstructing' that was used to create this document is explained in detail in the book:  Classroom Assessment for Student Learning (Stiggins, et al). Current research into student learning suggests that all students achieve at higher levels when they are clear about the intended learning targets/objectives (Black and Wiliam, 2002).  Clear targets should answer the question:  What is the intended learning? It is important to recognize that 'standards' are not necessarily the same as 'learning targets', and that merely copying the language from our Program of Studies or Core Content for Assessment for students to see will have very little effect on their ability to know what they are supposed to be learning in their particular classroom on a particular day.  Generally speaking, the Program of Studies and Core Content for Assessment were not written for a student audience and thus are not written in student friendly language.  Furthermore, they are intended to describe bigger 'chunks' or outcomes of learning than daily or even weekly learning targets do.  


It is also important to note that learning targets/objectives should be about the learning that is intended, not the activity or task that is undertaken. For example, many students, when asked “what did you learn today?”, will describe in great detail the activity or task they engaged in (e.g., “we sorted buttons into different groups”), but cannot tell about the learning (e.g., “we learned that the properties of objects can help us sort or classify them”).   When students are not clear, they cannot assess their own progress and have difficulty assimilating new information with previous knowledge.  This document, while sometimes providing examples of specific strategies/activities to lead to the desired learning, is really meant to break apart the standards into those ‘bits’ of essential learning that lead up to success with the standards as a whole.  


In our deconstruction process, we began with the Skills and Concepts (Program of Studies) students would need experiences with in order to attain the Enduring Understandings (Program of Studies) related to the Big Idea of Structure and Transformation of Matter—and specifically, the subset of understandings related to ‘properties of matter’ (the context).  This deconstruction document represents just one way this process could be completed. It should be used by educators as an example, not a requirement.  The learning targets are classified into the categories of knowledge, reasoning, skills, and products.  Reasoning and process skills should be embedded within units/learning experiences and not taught in isolation apart from content and context.  Concepts should be spiraled or scaffolded beginning in kindergarten and further developed in each subsequent year.  Without intentionally building a solid foundation of the important conceptual ideas within this big idea, gaps in knowledge and understanding may occur, leading to tenacious and persistent misconceptions.  


 


When using this document, be sure to look at previous grades levels as well as subsequent grade levels in order to have a clear understanding about the intended learning progression for the key concepts. Keep in mind, this document is written for teachers--some adjustment of the wording will still need to be made to truly transform the targets into student-friendly language.  For example, you many change the primary target of “Conclude from observations that objects can be made of one or more materials” to “I can observe objects and tell if they are made of just one kind or more than one kind of material” so that students can understand it.

ACKNOWLEDGEMENTS


The resulting document is due to the efforts of the teachers, administrators, and facilitators that have been a part of the Science Leadership Support Networks in 2006-2007 and 2007-2008.  Many hours have been spent by these dedicated educators to refine this work so that it can serve as a usable tool and exemplar for other educators throughout the Commonwealth.  


ADDITIONAL RESOURCES


If you are interested in learning more about the deconstruction process or the use of learning targets/learning intentions, you may find the following resources helpful:


Classroom Assessment for Student Learning: Doing it Right, Using it Well, Stiggins, Richard, et al.  ETS/Assessment Training Institute, 2005.  (http://www.assessmentinst.com/)


Inside the Black Box: Raising Standards Through Classroom Assessment, Black, Paul and Wiliam, Dylan. Phi Delta Kappan, 2002.  (http://www.pdkintl.org/kappan/kbla9810.htm )

Enriching Feedback in the Primary Classroom, Clarke, Shirley.  Hodder and Stoughton, 2003. (http://www.shirleyclarke-education.org/)


Formative Assessment in the Secondary Classroom, Clarke, Shirley.  Hodder Education, 2005. (http://www.shirleyclarke-education.org/)


Formative Assessment in Action: Weaving the Elements Together, Clarke, Shirley. Hodder Education, 2005. (http://www.shirleyclarke-education.org/)


Unlocking Formative Assessment, Clarke, Shirley. Hodder Education, 2001. (http://www.shirleyclarke-education.org/)
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Grade Level:  High School

Big Idea:  Structure and Transformation of Matter—(Properties of Matter ONLY)

Big Idea: Structure and Transformation of Matter (Physical Science) High School


A basic understanding of matter is essential to the conceptual development of other big ideas in science. By high school, students will be dealing with evidence from both direct and indirect observations (microscopic level and smaller) to consider theories related to change and conservation of matter. The use of models (and an understanding of their scales and limitations) is an effective means of learning about the structure of matter. Looking for patterns in properties is also critical to comparing and explaining differences in matter.


		Standards from Combined Document


Understandings

		Skills and Concepts

		Core Content for Assessment

		Knowledge

		Reasoning

		Skills

		Products



		SC-H-STM-U-1


Students will understand that the configuration of atoms in a molecule determines the molecule’s properties. Shapes are particularly important in how molecules interact with others.

		SC-H-STM-S-1
Students will classify samples of matter from everyday life as being elements, compounds, or mixtures


SC-H-STM-S-9


Students will investigate the role of intermolecular or intramolecular interactions on the physical properties (solubility, density, polarity, boiling/melting points) of compounds


SC-H-STM-S-12


Students will design and conduct experiments to determine the conductivity of various materials

		SC-HS-1.1.1


Students will classify or make generalizations about elements from data of observed patterns in atomic structure and/or position on the periodic table.


The periodic table is a consequence of the repeating pattern of outermost electrons.


DOK 2


SC-HS-1.1.4


Students will understand that in conducting materials, electrons flow easily; whereas, in insulating materials, they can hardly flow at all. Semiconducting materials have intermediate behavior. At low temperatures, some materials become superconductors and offer no resistance to the flow of electrons.

		Form an operational definition of elements, compounds, and mixtures.


Know the scientific meaning of the word “property.”


Form an operational definition of physical properties and chemical properties.


Form an operational definition for solubility, density, polarity, boiling/melting points.


Know the scientific meaning of the word “matter.”


Give examples of matter that are solids, liquids, and gases.


Know that some materials conduct the flow of electrons more readily than others.


Form an operational definition of elements, compounds, and mixtures (including solutions).


Recognize patterns in the properties of the elements (reactivity, conductivity, malleability, boiling point, melting point).


Know that valence electron trends affect the chemical reactivity of elements.




		Classify samples of matter as being elements, compounds, or mixtures. 


Use tools accurately to observe solubility, density, boiling point, melting point, and conductivity for a variety of materials.


Analyze conductivity of various metals.

Interpret data in order to compare physical properties.

Classify materials as conductors, nonconductors, semiconductors, and superconductors.


Classify and make generalizations about elements from data obtainable from the periodic table.


Make generalizations about chemical reactivity of elements based on number of valence electrons/location in periodic table.




		Compare the same materials for the same properties at different temperatures.


Conduct an investigation to compare materials for the same properties at different temperatures. 


Design and conduct experiments to determine the conductivity of various materials.

		None in Standards



		SC-H-STM-U-2


Students will understand that an enormous variety of biological, chemical and physical phenomena can be explained by changes in the arrangement and motion of atoms and molecules.

		SC-H-STM-S-1


 Students will classify samples of matter from everyday life as being elements, compounds, or mixtures


SC-H-STM-S-9


Students will investigate the role of intermolecular or intramolecular interactions on the physical properties (solubility, density, polarity, boiling/melting points) of compounds


SC-H-STM-S-12


Students will design and conduct experiments to determine the conductivity of various materials

		SC-HS-1.1.4


Students will understand that in conducting materials, electrons flow easily; whereas, in insulating materials, they can hardly flow at all. Semiconducting materials have intermediate behavior. At low temperatures, some materials become superconductors and offer no resistance to the flow of electrons.


SC-HS-1.1.5


Students will explain the role of intermolecular or intramolecular interactions on the physical properties (solubility, density, polarity, conductivity, boiling/melting points) of compounds.


The physical properties of compounds reflect the nature of the interactions among molecules. These interactions are determined by the structure of the molecule including the constituent atoms. DOK 2



		Recognize that electronegativity differences affect intramolecular interactions.


Know that intramolecular interactions affect the polarity of the molecule, and therefore the physical properties of the material.


Recognize that different molecules may have different shapes.


Know that shape and polarity of molecules affect intermolecular interactions, which affect physical properties of the material.




		Distinguish between intermolecular interactions and intramolecular 


interactions.


Describe how bonding affects the shape of molecules.


Classify materials as polar and non-polar based on electron configuration.


Explain how the molecular shapes of molecules affect how they interact and represent them symbolically.


Analyze how molecular composition affects intermolecular and intramolecular interactions.

		Conduct investigations that compare similar size molecules for various physical properties. 


Create representations that allow explanation of molecular geometry and electron pair sharing. 

		



		SC-H-STM-U-5


Students will understand that changes of state occur when enough energy is added to or removed from the atoms/molecules of a substance to change their average energy of vibration. Most solids expand as they are heated, and if sufficient energy is added the atoms/molecules lose their rigid structure and become free to move past each other as a liquid. In gases the energy of vibration is enough that individual atoms/molecules are free to move independently.

		SC-H-STM-S-2


Students will investigate the kinetic molecular theory of matter


SC-H-STM-S-7


Students will explore the relationships among temperature, particle number, pressure and volume in the Universal Gas Law




		SC-HS-1.1.3


Students will understand that solids, liquids and gases differ in the distances between molecules or atoms and therefore the energy that binds them together. In solids, the structure is nearly rigid; in liquids, molecules or atoms move around each other but do not move apart; and in gases, molecules or atoms move almost independently of each other and are relatively far apart. The behavior of gases and the relationship of the variables influencing them can be described and predicted.

		Know that all matter is made of particles with (empty) space between them, and the particles are in constant motion.


Identify energy changes that results in phase changes.


Know how the variables P, V, number of particles, and T affect gas behavior.


Know that the Universal Gas Law, PV=nRT, relates only to gases, not solids and liquids.




		Describe the effects of energy changes in states of matter.


Describe the relationship between matter and energy.


Compare solids, liquids, and gases based on structure and energy of constituent particles


Predict temperature, particle number, pressure and volume using the Universal Gas Law.




		Conduct investigations of the effect of pressure and temperature changes on gas volume. 


Conduct investigations of the effect of molecular weight on pressure, volume, or temperature. 

		














