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	Science 9

Curriculum Standards 

(Ohio Department of Education)
	Example Project that would incorporate a step from the Information Problem Solving Model
	Information Problem Solving 

Model Step 

(Research Cycle Model)

	Describe that stars produce energy from nuclear reactions and that processes in stars have led to the formation of all elements beyond hydrogen and helium.
	Students will create questions about the origins of the galaxy 
	Questioning 

	Describe the current scientific evidence that supports the theory of the explosive expansion of the universe, the Big

Bang, over 10 billion years ago.
	Reading The New Time Travelers  which explores the changes in this theory over time
	Sifting and Sorting—students must sort though the information of the past to understand this theory’s origins. 

	Explain that gravitational forces govern the characteristics and movement patterns of the planets, comets and asteroids in the solar system.
	Compare historical references of Newton’s discovery of gravitational theory and put the historical record on a timeline organizer 
	Sifting and Sorting—students will compare and contrast various versions of scientific history.

	Explain the relationships of the oceans to the lithosphere and atmosphere (e.g., transfer of energy, ocean currents

and landforms).
	Students will gather their own data on surface temperatures and input the data as part of a larger body of data used by global scientists.
	Gather—students will learn how to collect data

Reporting—students will be reporting their data in a useable format

	Explain how the slow movement of material within Earth results from:

a. thermal energy transfer (conduction and convection)from the deep interior;

b. the action of gravitational forces on regions of different density.
	Students will hypothesize how the landforms will change in the future.
	Synthesizing—from understanding the mechanism of how the world’s landforms cycle, students will hypothesize what the globe will look like in several million years from now. 

	Explain the results of plate tectonic activity (e.g., magma generation, igneous intrusion, metamorphism, volcanic

action, earthquakes, faulting and folding).
	Students will look for information on earthquakes in our area. 
	Planning—students will plan out where they can find information on earthquake data. 
Gathering—students will gather information on current tectonic activity. 

	Explain sea-floor spreading and continental drift using scientific evidence (e.g., fossil distributions, magnetic

reversals and radiometric dating).
	Students will find which fossils have been found in Ohio. 
	Questioning: Students will pose questions like “Why are there fewer big dinosaur fossils in Ohio compared to the western US?”

Planning—Students will develop a method for finding scientific data on fossils in Ohio. 
Gathering—students will gather information on Ohio fossils 

	Use historical examples to explain how new ideas are limited by the context in which they are conceived; are

often initially rejected by the scientific establishment; sometimes spring from unexpected findings; and usually

grow slowly through contributions from many different investigators (e.g., heliocentric theory and plate tectonics

theory).
	Students will research and present a 3-5 minute multimedia presentation of a scientific theory or law’s origins.
	All steps of the model are used in this process. Students will initiate their quest with a question, then plan, gather, sort and sift, synthesize, evaluate, and report. 

	Recognize that all atoms of the same element contain the same number of protons, and elements with the same

number of protons may or may not have the same mass. Those with different masses (different numbers of neutrons) are called isotopes.
	Students will investigate the origins of finding atomic mass which was discovered by Morley (local connection). 
	All steps of the model are used in this process. Students will initiate their quest with a question, then plan, gather, sort and sift, synthesize, evaluate, and report.

	Illustrate that atoms with the same number of positively charged protons and negatively charged electrons are electrically neutral.
	Students will create a graphic organizer showing the particles of the atom for comparison.
	Reporting—students will learn how to represent complex data in a graphic organizer for ease of understanding. 


	Describe radioactive substances as unstable nuclei that undergo random spontaneous nuclear decay emitting

particles and/or high energy wavelike radiation.
	Students will discuss the after effects of the nuclear age (i.e. The Cold War, mining of uranium, nuclear power, and nuclear powered naval vessels). 
	Questioning—students will engaging in a questioning dialogue which questions such as, “What would we use for power if nuclear power was not discovered?” or “How would WW2 have ended if the US did not have nuclear weapons technology?” 

	Show that when elements are listed in order according to the number of protons (called the atomic number), the

repeating patterns of physical and chemical properties identify families of elements. Recognize that the periodic

table was formed as a result of the repeating pattern of electron configurations.
	Students will color-code a periodic table with the appropriate code for each of the sub-shells of the electron energy levels. 
Students will research the development of the periodic table. 
	Synthesizing—shows that students have taken in information about the electron configurations and are able to apply it to a chart of information.
Reporting—students are representing their knowledge using a color code form.  Questioning, planning, gathering, sifting and sorting—students will use these steps as they research the development of the periodic table and how it has changed over time. 

	Describe how ions are formed when an atom or a group of atoms acquire an unbalanced charge by gaining or losing

one or more electrons.
	
	

	Explain that the electric force between the nucleus and the electrons hold an atom together. Relate that on a larger

scale, electric forces hold solid and liquid materials together (e.g., salt crystals and water).
	Students are to investigate the growing of crystals.
	All Steps
Students will initially generate questions (such as “What supplies are needed?”), then plan and gather information and supplies, as the crystal grows, they will sift and sort through their data, as it nears completion, they will be evaluating the project and reporting on it. 

	Show how atoms may be bonded together by losing, gaining or sharing electrons and that in a chemical reaction, the number, type of atoms and total mass must be

the same before and after the reaction (e.g., writing correct chemical formulas and writing balanced chemical equations).
	Students will complete a lab showing there is a difference in the masses of the reactants and products. 
	Students initially will QUESTION “Why is the mass different?” Then they will have to plan, and gather information to find out why this happened. Eventually they will go through all steps of the process and report their data in a lab report which shows their results and their knowledge gained from research which does not agree with their experimental results. 

	Demonstrate that the pH scale (0-14) is used to measure acidity and classify substances or solutions as acidic, basic,

or neutral.
	Students will research the effects of acid rain in the laboratory and through library research and present persuasive arguments for the limiting of harmful pollutants. 
	All steps of the model are used in this process. Students will initiate their quest with a question, then plan, gather, sort and sift, synthesize, evaluate, and report.

	Investigate the properties of pure substances and mixtures (e.g., density, conductivity, hardness, properties of alloys, superconductors and semiconductors).
	Students will investigate current research and development of superconductors and semiconductors and present in a news format.
	All steps of the model are used in this process. Students will initiate their quest with a question, then plan, gather, sort and sift, synthesize, evaluate, and report.


	Compare the conductivity of different materials and explain the role of electrons in the ability to conduct electricity.
	Students will research wiring materials used in homes over the years and in modern construction designs for comparison 
	Gathering and Planning—searching for information on construction designs for comparison
Questioning—why have new materials been substituted over the years to replace older materials? 

	Explain how thermal energy exists in the random motion and vibrations of atoms and molecules. Recognize that the higher the temperature, the greater the average atomic or molecular motion, and during changes of state the temperature remains constant.
	
	

	Explain how an object's kinetic energy depends on its mass and its speed (KE=½mv 2).
	Students will investigate the role of energy as part of a roller coaster design. 
	Students will initiate questions like “What design will achieve the highest speed?” 

	Demonstrate that near Earth's surface an object's gravitational potential energy depends upon its weight (mg where m is the object's mass and g is the acceleration

due to gravity) and height (h) above a reference surface (PE=mgh).
	Students will investigate the role of energy as part of a roller coaster design.
	Students will plan, gather, sift and sort, and evaluate their data in order to achieve the best design which will be their report. Information can be gathered from library sources as well as their own data. 

	Summarize how nuclear reactions convert a small amount of matter into a large amount of energy. (Fission involves

the splitting of a large nucleus into smaller nuclei; fusion is the joining of two small nuclei into a larger nucleus at extremely high energies.)
	Students will investigate new uses of fusion technology.
	Plan and Gather--Students will perform a key word search for information on new fusion technology. 

	Trace the transformations of energy within a system (e.g., chemical to electrical to mechanical) and recognize that energy is conserved. Show that these transformations involve the release of some thermal energy.
	Students will investigate the increased fuel efficiency in vehicles over time and new hybrid vehicles.
	Questioning (How?), planning, gathering, sifting and sorting (to get information that answers their questions) Students will gather information on the fuel efficiency in vehicles and how this has been achieved over time. 

	Illustrate that chemical reactions are either endothermic or exothermic (e.g., cold packs, hot packs and the burning of fossil fuels).
	Students will investigate the changes in car engines burning fossil fuels and alternative fuels. This would go along with the above unit on fuel efficiency. 
	Questioning (How?), planning, gathering, sifting and sorting (to get information that answers their questions) Students will gather information on the fuel efficiency in vehicles and how this has been achieved over time.

	Demonstrate that thermal energy can be transferred by conduction, convection or radiation (e.g., through materials by the collision of particles, moving air masses or

across empty space by forms of electromagnetic radiation).
	Students will investigate the changes in car engines burning fossil fuels and alternative fuels. This would go along with the above unit on fuel efficiency.
	Questioning (How?), planning, gathering, sifting and sorting (to get information that answers their questions) Students will gather information on the fuel efficiency in vehicles and how this has been achieved over time.

	Demonstrate that electromagnetic radiation is a form of energy. Recognize that light acts as a wave. Show that

visible light is a part of the electromagnetic spectrum (e.g., radio waves, microwaves, infrared, visible light, ultraviolet, X-rays, and gamma rays).
	Students will work at stations for each part of the EM spectrum to learn information about each area  (description, uses, and advances in technology)
	Sifting and Sorting and Synthesizing
Students will be assimilating information already gathered for them on the areas of the EM spectrum. Students will organize this information into a table (Reporting). 

	Show how the properties of a wave depend on the properties of the medium through which it travels. Recognize that electromagnetic waves can be propagated without a medium.
	
	

	Describe how waves can superimpose on one another when propagated in the same medium. Analyze conditions in which waves can bend around corners,

reflect off surfaces, are absorbed by materials they enter, and change direction and speed when entering a different material.
	
	

	Demonstrate that motion is a measurable quantity that depends on the observer's frame of reference and describe

the object's motion in terms of position, velocity, acceleration and time.
	Students will investigate the role of energy as part of a roller coaster design.
	Students will plan, gather, sift and sort, and evaluate their data in order to achieve the best design which will be their report. Information can be gathered from library sources as well as their own data.

	Demonstrate that any object does not accelerate (remains at rest or maintains a constant speed and direction of motion) unless an unbalanced (net) force acts on it.
	Students will investigate the role of energy as part of a roller coaster design.
	Students will plan, gather, sift and sort, and evaluate their data in order to achieve the best design which will be their report. Information can be gathered from library sources as well as their own data.

	Explain the change in motion (acceleration) of an object. Demonstrate that the acceleration is proportional to the net force acting on the object and inversely proportional to the mass of the object. (Fnet =ma. Note that weight is the gravitational force on a mass.)
	Students will investigate the building of a tower using limited supplies (newspaper, rubber bands, and a small amount of tape). 
	Students will first want to question “How can we build the tallest or strongest, or most complex tower?” Then students will begin using all of the Research Cycle steps as they plan, gather, sift and sort, synthesize, evaluate, and report. They will combine both library research with actual experimentation. 

	Demonstrate that whenever one object exerts a force on another, an equal amount of force is exerted back on the first object.
	Students will investigate the role of force in car crashes. 
	All steps of the Research Cycle will be used as students investigate car crashes using models as well as researching with library tools how professional scientists compose their crash tests. 

	Demonstrate the ways in which frictional forces constrain the motion of objects (e.g., a car traveling around a curve, a

block on an inclined plane, a person running, an airplane in flight).
	Students will investigate the role of force in car crashes.
	All steps of the Research Cycle will be used as students investigate car crashes using models as well as researching with library tools how professional scientists compose their crash tests.

	Use historical examples to explain how new ideas are limited by the context in which they are conceived; are often initially rejected by the scientific establishment; sometimes spring from unexpected findings; and usually

grow slowly through contributions from many different investigators (e.g., atomic theory, quantum theory and Newtonian mechanics).
	A Science Vacation—students will investigate a scientific theory and plan an interview of questions for the scientist(s) involved in creating that theory. Students will create a “vacation” of where, when, and to whom they wish to interview. The presentation will be in the format of a “vacation” slide show (using various multimedia software packages). 
	All steps of the Research Cycle are used in this experience as students create the ultimate science vacation. 

	Describe advances and issues in physical science that have important, long-lasting effects on science and society (e.g.,

atomic theory, quantum theory, Newtonian mechanics, nuclear energy, nanotechnology, plastics, ceramics and communication technology).
	In the Science Vacation unit the last piece is for students to hypothesize where they would like to go 100 years into the future and why. This asks them to extrapolate about newer technologies and how they will change society. 
	Synthesizing—students must put together information from the past (Science Vacation) with modern technology and extrapolate where this new technology could take us as a society. 

	Describe means of comparing the benefits with the risks of technology and how science can inform public policy.
	In the Science Vacation unit the last piece is for students to hypothesize where they would like to go 100 years into the future and why. This asks them to extrapolate about newer technologies and how they will change society.
	Synthesizing—students must put together information from the past (Science Vacation) with modern technology and extrapolate where this new technology could take us as a society.

	Identify a problem or need, propose designs and choose among alternative solutions for the problem.
	This is seen throughout the course in project such as tower building, roller coaster design, and crash tests.
	All areas of the Research Cycle are used in these units as listed above, butt this step focuses on the Questioning step.  

	Explain why a design should be continually assessed and the ideas of the design should be tested, adapted and refined.
	This is seen throughout the course in project such as tower building, roller coaster design, and crash tests. This can also be exemplified as students learn about the Science Vacation unit of ideas that have developed over time. 
	Evaluation

While all steps are used in these projects, this objective particularly relates to the Evaluation step of the Research Cycle.  

	Distinguish between observations and inferences given a scientific situation.
	Students have a set of scenarios and are asked to distinguish between them as either describing an observation or inference.
	Synthesizing is inferring but sifting and sorting are the precursory task. 

Observation is a model of gathering information. 

	Research and apply appropriate safety precautions when designing and conducting scientific investigations (e.g.,

OSHA, Material Safety Data Sheets [MSDS], eyewash, goggles and ventilation).
	Students will research the development of laboratory safety equipment over the years.
	All steps are used as students question, plan, and gather photos of older laboratories and newly constructed ones. Then they must sift, sort, synthesize in order to understand why, when, and what safety equipment was added to laboratories. 

	Construct, interpret and apply physical and conceptual

models that represent or explain systems, objects, events or concepts.
	This is done throughout the course in just about every objective where some model is used to explain the physical universe. 
	While in the process of using models all areas of the Research Cycle are explored, this objective looks particularly at the synthesizing stage which allows students to take the model and extrapolate real world inferences from it. 

	Decide what degree of precision based on the data is adequate and round off the results of calculator operations

to the proper number of significant figures to reasonably reflect those of the inputs.
	This is used in every laboratory mentioned in the above units. 
	Reporting is a key step to this objective in that it shows how the data is to be reported. Gathering is also emphasized in that the materials for measurement and recording would have to already be assembled. 

	Develop oral and written presentations using clear language, accurate data, appropriate graphs, tables, maps and available technology.
	Throughout the course in the above units and laboratories this is paramount task for students to incorporate in everything they do as well as the many representations they must read. 
	Reporting is the main task of this objective, but it is also important that students are able to understand information represented in this format as well which goes to skills necessary for information gathering, sifting, sorting, and synthesizing. 

	Draw logical conclusions based on scientific knowledge and evidence from investigations.
	This step is emphasized in each laboratory and unit above. 
	Synthesizing is the most important step emphasized in this objective. 

	Comprehend that many scientific investigations require the contributions of women and men from different disciplines in and out of science. These people study

different topics, use different techniques and have different standards of evidence but share a common purpose - to better understand a portion of our universe.
	In the Science Vacation unit the last piece is for students to hypothesize where they would like to go 100 years into the future and why. This asks them to extrapolate about newer technologies and how they will change society.
	All steps of the Research Cycle are used in creating the ideal Science Vacation. 

	Illustrate that the methods and procedures used to obtain evidence must be clearly reported to enhance opportunities for further investigations.
	Every lab emphasizes that procedures must be reproducible; however, the students will perform a consumer test lab on tissues. This lab will be “peer reviewed” where each group swaps labs with another group and performs their test to see how reproducible the lab is. 
	Much of the emphasis of this lab is evaluation and reporting. Students look at each others work and evaluate and report the changes that need to be made. 

	Demonstrate that reliable scientific evidence improves the ability of scientists to offer accurate predictions.
	This is a lab skill present in all labs, but the main teaching of this concept occurs when students perform their consumer test lab where they test various brands of tissue by one variable (price, softness, strength, etc.) 
	This unit encompasses all areas of the Research Cycle as students begin with questions like “What makes a consumer buy a certain tissue?” and then incorporates rest of the cycle as they perform tests, analyze data, and report the results. 

	Explain how support of ethical practices in science (e.g., individual observations and confirmations, accurate reporting, peer review and publication) are required to reduce bias.
	This is a lab skill present in all labs, but the main teaching of this concept occurs when students perform their consumer test lab where they test various brands of tissue by one variable (price, softness, strength, etc.) This lab will be “peer reviewed” where each group swaps labs with another group and performs their test to see how reproducible the lab is.
	Much of the emphasis of this lab is evaluation and reporting. Students look at each others work and evaluate and report the changes that need to be made.

	Justify that scientific theories are explanations of large bodies of information and/or observations that withstand repeated testing.
	This is a lab skill present in all labs, but the main teaching of this concept occurs when students perform their consumer test lab where they test various brands of tissue by one variable (price, softness, strength, etc.) This lab will be “peer reviewed” where each group swaps labs with another group and performs their test to see how reproducible the lab is.
	Much of the emphasis of this lab is evaluation and reporting. Students look at each others work and evaluate and report the changes that need to be made.

	Explain that inquiry fuels observation and experimentation that produce data that are the foundation of scientific disciplines. Theories are explanations of these data.
	This is the basis of all learning in the class but is most emphasized in the Science Vacation which traces the development of one theory over time. 
	All areas of the Research Cycle are used in creating the Science Vacation unit. However, this objective emphasizes synthesizing in the putting together of data to produce theories, evaluation of those theories, and reporting.

	Recognize that scientific knowledge and explanations have changed over time, almost always building on earlier knowledge.
	This is the basis of all learning in the class but is most emphasized in the Science Vacation which traces the development of one theory over time.
	All areas of the Research Cycle are used in creating the Science Vacation unit. However, this objective emphasizes synthesizing in the putting together of data to produce theories, evaluation of those theories, and reporting.

	Illustrate that much can be learned about the internal workings of science and the nature of science from the study of scientists, their daily work and their efforts to advance scientific knowledge in their area of study.
	Students will shadow a scientist at his or her workplace and report a summary of the day to the class. 
	Students will use all steps of the Research Cycle; however, the important step for this objective is the synthesizing of realizing how scientists of today build on theories of the past and will be a part of the scientific future. 

	Investigate how the knowledge, skills and interests learned in science classes apply to the careers students plan to pursue.
	Students will shadow a scientist at his or her workplace and report a summary of the day to the class
	Students will use all steps of the Research Cycle; however, the important step for this objective is the synthesizing of realizing how scientists of today build on theories of the past and will be a part of the scientific future.


· Will you start with one teacher?     I would start with a small group of teachers that seemed more agreeable to collaborate. If only one teacher was willing, then I would be thankful for that one person and hope that word of mouth would assist in opening up the classrooms of other teachers as well.  While eventually, I would like to work in collaborative teams, initially, I would work one-on-one with a teacher to develop a lesson that would incorporate both information literacy standards as well as the teacher’s content standards. 
· Do you have ideas and suggestions for research projects?  Many teachers have research projects already set up that meet the state standards. I would start by looking at those projects and adapting them to ensure they incorporated information literacy skills and used the problem solving model that the district had adopted. My ideas for research projects include cross-curricular studies such as a look at World War II for freshmen to look at the scientific aspects of the beginning of the nuclear age, read World War II fiction and biography in the English classes, and historical nonfiction for citizenship class. The culmination of this project would be a presentation of one aspect that the student researched using his or her own question of investigation and the Research Cycle as a guide. 
· What unit will you begin with, why?       Initially, I would start with a project in science because I would feel most comfortable with the content as well as the information literacy skills required.  The unit that is adaptable to almost any science class is the Science Vacation unit in which the student picks a scientific theory and traces it back through time. The final product is a “slide show” of the vacation back through time in which each student “visits” the scientists involved in developing this theory. 
· What will your role be? As a school library media specialist (SLMS), my role is to improve the student’s ability to plan, gather, sift, and sort materials for the project better than they would be able to with a classroom teacher. In my other collaboration and teaching experience, students often type in a few words into Google and think they have searched. My role as a SLMS is to increase their awareness of the quality, benefits, and uses of different types of search engines and subscription databases and how to plan out their searches to get the results they need. Also, in the reporting phase of the project, students often struggle with understanding how to use presentation technology that makes a quality presentation. Students excel with learning new technology, but often become lazy or overly anxious to get it done instead of learning how to make the presentation of highest quality which also involves the evaluation step of the process. 
· What do you envision the teacher’s role to be? The teacher will help to initiate the questioning phase to ensure that students will become engaged in the project and that the question is difficult enough to be adapted to the project but not too difficult that it cannot be answered with the resources at hand. Also, the teacher will be working with students on the content phase of synthesizing the information found in order to create coherent answers to the initial question. Finally, the teacher will be the final evaluator of the student work. 
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