ANALYSIS AND COMPARISON OF PROJECT AERO SCIENCE STANDARDS

AND THE NATIONAL SCIENCE EDUCATION CONTENT STANDARDS

by Ken C. Mechling and Ken R. Mechling 

I.  Purpose
      The purpose of this document is to report the findings of a thorough analysis and comparison of two sets of science standards.  Being analyzed and compared were the Project AERO K-2, 3-5, and 6-8 Science Standards and the National Science Education K-4 and 5-8 Content Standards.  

II.  Standards Commonalities
     Both sets of standards were first reviewed and analyzed for the content information contained in each.  They were then compared to one another to determine common areas of emphasis (similar content information contained in both).  Many of the same/similar content standards were included in both Project AERO and National Science Education Content Standards.  For example, by the end of grade two, Project AERO’s Physical Setting Standard #13-b states that “… students will recognize that a magnet can be used to make things made with iron move without being touched, and either pushes or pulls other magnets.”  Likewise, by the end of grade four the National Science Education’s Physical Science Standard #B-3-d states “… all students should develop the understanding that magnets attract and repel each other and certain kinds of other materials.”  Others areas that both sets of standards contained the same or similar content standards include (but are not limited to) the following:

· Simple instruments (magnifiers, thermometers, rulers, etc) provide more information than scientists using only their senses

· The position and motion of objects can be changed by pushing and pulling and the size of the change is related to the strength of the push or pull

· Heat can be produced in many ways and can move from one object to another by conduction

· Energy is a property of many substances and is associated with light, heat, electricity, mechanical motion, sound, nuclei, and the nature of a chemical.  It can be transferred in many ways

· Plants and animals closely resemble their parents

· Organisms have basic needs and can survive only in environments in which their needs can be met

· All animals depend on plants.  Some animals eat plants while other animals eat animals that eat plants

· Humans depend on their natural and constructed environments and change these environments in ways that can be either beneficial or detrimental for themselves and other organisms

· Reproduction (sexual or asexual) is a characteristic of living systems and is essential to the continuation of all species

· Earth materials are solid rocks and soils, water, and gases and have different physical and chemical properties which make them useful in many ways

· The earth’s surface changes due to slow (erosion and weathering) and rapid (landslides and earthquakes) processes

· The sun, moon, stars, and planets all have properties, locations, and movements that can be observed and described 

· Most objects in the solar system are in regular and predictable motion and can explain such phenomena as the day, year, phases of the moon, and eclipses

· Individuals have some responsibility for their own health and should engage in personal care functions such as dental hygiene, cleanliness, and exercise

· Different substances (alcohol, tobacco, drugs, etc.) can damage the body and how it functions

III.  Relative Emphases of Project AERO and the National Science Education Standards  

      In addition to the many content similarities contained in both sets of standards, there are numerous standards that are emphasized in the AERO Science Standards and not in the National Science Education Standards.  Conversely, many science content standards are emphasized in the National Science Education Standards and not in the Project AERO Science Standards.  These relative science content “emphases” are identified in the following pages. 

     The reviewer of these relative emphases should note the descriptive title on each page as they identify which set of standards contains the underlying emphases.  The Project AERO Science Standard’s Emphases are denoted by three consecutive numbers or letters.  The first number refers to the actual AERO Standard number and includes numbers 1-24.  The second number consecutively identifies the grade level (grade 2, 5, or 8) by which the students will be able to demonstrate their knowledge/skill.  The third is a letter that identifies the specific standard to be met.  So the notation of “1-5-b” signifies AERO Science Standard #1 Scientific Inquiry, which will be met by the end of grade 5, and the specific standard that will be met is “b”, “distinguish observations from ideas and speculations and predictions about observations”.
     The National Science Education Content Standards’ Emphases are denoted by four consecutive numbers or letters.  The first letter and number is the actual National Science Education Standard letter and number and includes letters A-G and numbers 1-5.  The next number consecutively identifies the grade level (grade 4 or 8) by which the students will be able to demonstrate their knowledge/skill.  The fourth is a letter that identifies the specific standard to be met.  So the notation of 

“A-1-4-b” signifies National Science Education Standard A-1 Science as Inquiry – Abilities Necessary to Do Scientific Inquiry, which will be met by the end of grade 4, and the specific standard that will be met is “b”, “Plan and conduct a simple investigation…”.  

      Please note that in addition to the standards’ content “emphases” comparisons included in the following pages, near the end of the document, on page 16,  we have identified in our “Comments” section important distinctions between Project AERO standards and those of the National Science Education Standards.  Schools building a standards-based science program would be well served by reviewing those distinctions.

     Finally, beginning on page 18, for schools adhering to the Project AERO standards, we have included general recommendations and specific content recommendations for supplemental actions to ensure that the AERO standards meet all expectations for science standards included in the more universal National Science Education Standards. 

A.  AERO Science Standard’s K-2, 3-5, and 6-8 Scientific Inquiry Standards “Emphases” vs. the National Science

Education K-4 and 5-8 Science as Inquiry Science Standards
1.  Students will demonstrate their understanding of the importance of curiosity, honesty, open-mindedness, and skepticism in their own efforts to understand how and why universal phenomena exist and occur.

1-5-b
Distinguish observations from ideas and speculations and predictions about observations.

1-5-e
Identify when comparisons might not be accurate or appropriate because some conditions are different.

1-5-f
Question scientific claims based on vague attributions (such as ‘Leading doctors say…”) or on statements made by people outside the area of their particular expertise.

1-8-b
Question the value of arguments based on very small samples of scientific data, biased samples, or samples for which there was no control sample.

1-8-c
Identify the flaws of arguments based on the faulty, incomplete, or misleading use of numbers, such as instances in which (1) average results are reported, but not the amount of variation around the average; and (2) a percentage or fraction is given, but not the total sample size (as in “9 out of 10 dentists recommend…”)

1-8-g
Understand that hypotheses are valuable if they lead to fruitful investigations, even if the hypotheses turn out not to be true.


2.  Students will communicate scientific ideas and activities clearly.
2-8-f
Understand the importance of verbal accuracy and explicit statement of critical assumptions when stating a position.

3.  Students will be familiar with the character of scientific knowledge and inquiry and how it is achieved.

3-2-a
When a science investigation is repeated, the results should be consistent.

3-5-e
Offer some examples of old scientific knowledge that is still applicable today, and explain that new scientific knowledge is still being discovered.

3-8-a
Describe why (such as to explore phenomena, check previous results, compare theories) and how (by collecting evidence, reasoning, devising hypotheses, and creating explanations) scientists conduct investigations.

3-8-b
Explain why and how (for example, by repeatedly and independently replicating experiments) scientists determine if experimental results are reliable.

3-8-c
Understand that if more than one variable changes at the same time in an experiment, the outcome may not be clearly attributable to any one variable, and that sometimes scientists can design research to account for this.

3-8-d
Explain how scientists try to prevent their experiments from bias in what is observed, missed, and concluded in investigations (for example, through independent studies).

3-8-e
Understand and follow scientific ethical norms in conducting research with animals and humans who are unable to make fully informed choices (such as very young children).

4.  Students will be able to select and use tools and instruments to conduct scientific activities.
4-2-b
Know how to assemble, describe, take apart, and reassemble constructions.

4-2-c
Make a model, invention, or tool that can actually be used to perform a task.

4-8-a
Know how to disassemble, and reassemble mechanical devices and describe the function of the various parts.

5.  Students will understand and demonstrate the idea of system, model, change, and scale in exploring scientific and technological matters.

5-5-b
Identify patterns of change, such as steady, repetitive, or irregular change, using records, tables, or graphs of measurements where appropriate.

5-5-c
Identify the least and greatest possible values of certain events or conditions.

B.  The National Science Education K-4 and 5-8 Science as Inquiry Science Standards “Emphases” vs. the AERO Science Standard’s K-2, 3-5, and 6-8 Scientific Inquiry Standards
A-1
Abilities Necessary to Do Scientific Inquiry

4-b
Plan and conduct a simple investigation.  In the earliest years investigations are largely based upon systematic observations.  As students develop through fourth grade they may design and conduct simple experiments to answer questions.

4-c
Employ simple equipment and tools to gather data and extend the senses.  Rulers can be used to measure length, height, and depth of objects and materials; thermometers to measure temperature; watches to measure time; balances and scales to measure weight and force; magnifiers to observe objects and organisms; microscopes to observe the finer details of plants, animals, rocks, and other materials; and computers and calculators for conducting investigations.

4-e
Communicate investigations and explanations via developing abilities to communicate, critique, and analyze their own work and the work of other students.  Communication may be spoken, written, and/or drawn.  

8-a
Identify questions that can be answered through scientific investigation.  This includes acquiring and developing the ability to clarify questions and inquiries and direct them toward objects and phenomena that can be described, explained, or predicted by scientific investigations.

8-b
Design and conduct a scientific investigation.  This involves making systematic observations and accurate measurements, identifying and controlling variables, formulating questions, designing and executing investigations, interpreting data, and using evidence to generate explanations, propose alternative explanations, and critique explanations and procedures.

8-c
Use appropriate tools and technologies to gather, analyze, and interpret data.  This includes using mathematics.  Computer hardware and software might be used for the collection, summary, and display of evidence as well as to access, gather, store, retrieve, and organize data.

8-d
Develop descriptions, explanations, predictions, and models using evidence.  Explanations should be based upon what is observed.  Students should develop the ability to differentiate explanation from description- providing causes for effects and establishing relationships based on evidence and logical argument.

8-e
Think critically and logically to make relationships between evidence and explanations.  Students should be able to review data, and form a logical argument about cause-and-effect relationships in the experiment and begin to state some explanations in terms of the relationship between two or more variables.

8-g
Communicate scientific procedures and explanations including communicating experimental methods, following instructions, describing observations, summarizing results, and telling other students about investigations and explanations.

8-h
Use mathematics in all aspects of scientific inquiry including asking and answering questions; gathering, organizing, and presenting data; and structuring convincing explanations.

A-2
Understandings about Scientific Inquiry

4-b
Scientists use different kinds of investigations depending on the questions they are trying to answer.  Types of investigations include describing objects, events, and organisms; classifying them; and doing a fair test (experimenting).

4-c
Simple instruments, such a magnifiers, thermometers, and rulers, provide more information than scientists obtain using only their senses.

4-e
Scientists make the results of their investigations public; they describe the investigation in ways that enable others to repeat the investigations.

8-a
Different kinds of questions suggest different kinds of scientific investigations.  Some involve observing and describing objects, organisms, or events; some involve collecting specimens; some involve experiments; some involve seeking more information; some involve the discovery of new objects and phenomena; and some involve making models.

8-b
Current scientific knowledge and understanding guide scientific investigations.  Different scientific domains employ different methods, core theories, and standards to advance scientific knowledge and understanding.

8-c
Mathematics is important in all aspects of scientific inquiry.

8-d
Technology used to gather data enhances accuracy and allows scientists to analyze and quantify results of investigations.

8-e
Scientific explanations emphasize evidence, have logically consistent arguments, and use scientific principles, models and theories.  The scientific community accepts and uses such explanations until displaced by better scientific ones.  When such displacement occurs, science advances.

8-f
Science advances through legitimate skepticism.  Asking questions and querying other scientists’ explanations is part of scientific inquiry.  Scientists evaluate the explanations proposed by other scientists by examining evidence, comparing evidence, identifying faulty reasoning, pointing out statements that go beyond the evidence, and suggesting alternative explanations for the same observations.

8-g
Scientific investigations sometimes result in new ideas and phenomena for study, generate new methods and procedures for an investigation, or develop new technologies to improve the collection of data.  All of these results can lead to new investigations.

C.  AERO Science Standard’s K-2, 3-5, and 6-8 The Physical Setting (Earth & Space) Standards “Emphases” vs. the National Science Education K-4 and 5-8 Earth and Space Science Standards
6  Students will be familiar with current scientific theories about the universe and how those theories evolved.

2-a
Understand that there are more stars in the sky than anyone can count, but they are not scattered evenly, and they are not all the same in brightness and color.

2-b
Know that the sun is a star, and that some stars are smaller and some are larger, but so far away that they look like points of light.

7  Students will understand how key features of the earth influence climate, weather, and the water cycle.
5-b
Demonstrate and explain what happens when cold and hot air meet.

8-b
Describe environmental factors, including the effects of volcanic eruptions, asteroid impacts, and atmospheric and oceanic changes, on world climate.

8  Students will understand scientific theories of how the earth’s surface is formed and how those theories developed.

5-e
Understand how fossils are formed.

D.  The National Science Education K-4 and 5-8 Earth and Space Science Standards “Emphases” vs. the AERO Science Standard’s K-2, 3-5, and 6-8 The Physical Setting (Earth & Space) Standards
D-1
Structure of the Earth System

8-g
Water is a solvent.  As it passes through the water cycle it dissolves minerals and gases and carries them to the oceans.

8-k
Living organisms have played many roles in the earth system, including affecting the composition of the atmosphere, producing some types of rocks, and contributing to the weathering of rocks.

D-2
Earth’s History

8-a
The earth processes we see today, including erosion, movement of lithospheric plates, and changes in atmospheric composition, are similar to those that occurred in the past.  Earth history is also influenced by occasional catastrophes, such as the impact of an asteroid or comet.

E.  AERO Science Standard’s K-2, 3-5, and 6-8 The Physical Setting (Physical Science) Standards “Emphases” vs. the National Science Education K-4 and 5-8 Physical Science Standards
9  Students will know and understand scientific theories of the nature of matter and how those theories developed.

2-b
Processes can change some of the properties of materials, but not all materials respond the same way to the processes.

5-a
Describe and explain how temperature can change materials’ properties and the effects of extreme heat.

5-b
Understand that materials are composed of parts that are too small to be seen without magnification.

5-c
Understand that the mass of an object is always the same as the sum of its parts.

8-a
Recount the evolution in thought about elements, from ancient ideas (…) to the knowledge of over 100 elements.

8-b
Understand basic facts about atoms, including their submicroscopic size, their uniqueness in each element, and their capacity to organize into molecules.

8-c
Explain the relationship between the energy of atoms and molecules and the state of matter.

8-d
Understand that reaction rates are influenced by a number of factors, such as temperature.

8-e
Understand that many substances dissolve in water, which can greatly facilitate reactions between them.

8-f
Describe the structure of atoms, and how the number of protons, neutrons, and electrons determine their properties.

10  Students will be familiar with the forms and transformations of energy and the significance of energy in understanding the structure of matter in the universe.
8-a
Understand that energy cannot be created or destroyed but only changed from one form into another.

8-b
Give examples of several processes from life science, physical science and earth science in which energy is transformed into another form.

8-d
Show that heat can be transferred through materials via collisions of atoms or across space by conduction, convection, or radiation.

8-f
Heat moves from one object to another at different rates, depending on a variety of factors.

11  Students will understand how society uses and conserves various sources of energy.

2-b
Explain the importance of conserving energy and the various ways to do it.

5-a
Describe how air and water are used in most industries.

5-c
Describe the relationship of the sun and fossil fuels.

5-d
Describe the various means of energy conservation and their impact on the environment and society.

8-b
Describe attempts in various parts of the world to conserve fossil fuels or use alternative forms of energy to slow the depletion of resources, reduce pollution, or save money.

8-c
Compare the environmental consequences of producing, distributing, and transforming various forms of energy.

12  Students will understand the relationship between force, mass, and the motion of objects.

5-a
Understand that forces cause changes in speed or direction of motion.

8-a
Explain what a force is.

8-b
Show through calculations that the force of a body is the sum of all the forces acting on it.

8-c
Identify forces acting on an object, including gravity, elastic forces, and friction.

8-d
Demonstrate that the greater the mass of an object the more force is needed to achieve the same change in motion.

8-g
Apply Newton’s three laws of motion to predict the motion of most objects.

13  Students will recognize gravitational, electrical, and magnetic forces as major kinds of forces acting in nature.

2-a
Compare, and describe how objects fall differently according to weight and size.

5-b
Understand why material that has been electrically charged pushes or pulls other charged materials.

5-c
Describe how electrical currents and magnets can exert force on each other.

8-a
Show that gravity is a function of mass and distance.

8-c
Understand magnetic fields and why not all materials are magnetic.

8-d
Show how magnetic forces can be produced with moving electric charges using fluctuating magnetic fields.

14  Students will be familiar with the wave nature of sound and electromagnetic radiation.

5-a
Describe and explain how sound travels through solids, liquids, and gases at different speeds.

8-a
Understand that vibrations, such as sound and earthquakes, set up wavelike disturbances that spread away from the source and move at different speeds in different materials.

8-b
Understand that waves carry energy from one place to another.

8-c
Identify transverse and longitudinal waves in mechanical media such as springs, ropes, and seismic waves in the earth.

8-d
Solve problems involving wavelengths, frequency, and wave speed.

8-e
Understand that sound is a longitudinal wave whose speed depends on the properties of the medium in which it propagates.

8-f
Understand that radio waves, visible light, and x-rays are different wavelength bands in the spectrum of electromagnetic waves.
F.  The National Science Education K-4 and 5-8 Physical Science Standards “Emphases” vs. the AERO Science Standard’s K-2, 3-5, and 6-8 The Physical Setting (Physical Science) Standards
B-1
Properties of Objects and Materials

4-c
Materials can exist is different states – solid, liquid, and gas.  Some common materials, such as water, can be changed from one state to another by heating or cooling.


Properties and Changes of Properties in Matter
8-a
A substance has characteristic properties, such as density, 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.

8-b
Substances react chemically in characteristic ways with other substances to form new substances (compounds) with different characteristic properties.  In chemical reactions, the total mass is conserved.  Substances are often placed in categories or groups if they react in similar ways; metals is an example of such a group.

8-c
Chemical elements do not break down during normal laboratory reactions involving such treatments as heating, exposure to electric current, or reaction with acids.  There are more than 100 known elements that combine in a multitude of ways to produce compounds, which account for the living and nonliving substances that we encounter.

B-2
Position and Motion of Objects

4-a
The position of an object can be describe by locating it relative to another object or the background.

4-b
An object’s motion can be described by tracing and measuring its position over time.


Motions and Forces
8-a
The motion of an object can be described by its position, direction of motion, and speed.  That motion can be measured and represented on a graph.

B-3
Light, Heat, Electricity, and Magnetism

4-a
Light travels in a straight line until it strikes an object.  Light can be reflected by a mirror, refracted by a lens, or absorbed by the object.


Transfer of Energy
8-c
Light interacts with matter by transmission (including refraction), absorption, or scattering (including reflection).  To see an object, light from that object – emitted by or scattered from it – must enter the eye.

8-d
Electrical circuits provide a means of transferring electrical energy when heat, light, sound, and chemical changes are produced.

8-e
In most chemical and nuclear reactions, energy is transferred into or out of the system.  Heat, light, mechanical motion, or electricity might all be involved in such transfers.

8-f
The sun is a major source of energy for changes on the earth’s surface.  The sun loses energy by emitting light.  A tiny fraction of that light reaches the earth, transferring energy from the sun to the earth.  The sun’s energy arrives as light with a range of wavelengths, consisting of visible light, infrared, and ultraviolet radiation.

G.  AERO Science Standard’s K-2, 3-5, and 6-8 The Living Environment Standards “Emphases” vs. the National Science Education K-4 and 5-8 Life Science Standards
15  Students will be aware of the diversity of living organisms and how they can be compared scientifically.

2-c
Sort living things depending on which features are used to group them.

5-a
Classify organisms as either plants or animals and explain why some organisms are neither.

5-c
Describe reproduction, seed dispersal, germination, and growth in plants.

8-a
Explain and apply the system used to classify organisms into kingdom, phylum, class, order, family genus, and species.

8-b
Discuss the results of sexual and asexual reproduction in terms of species diversity.

8-c
Compare and contrast prokaryotes, eukaryotes, and viruses.


16  Students will understand the structure, functions, and reproduction of living cells and organisms.

8-a
Describe cell theory.

8-b
Describe the basic functions of organisms such as photosynthesis, respiration, digestion, and excretion and know that they occur at a cellular level.

8-c
Name the basic cell structures and organelles and identify their functions.

8-d
Compare and contrast plant and animal cells.

8-f
Define mitosis and identify its stages.

8-g
Define meiosis and identify its stages.

17  Students will understand how and why organisms are dependent on one another and their environments.

5-a
Define ecosystem and provide examples of different ecosystems.

8-a
Define the terms individual, population, community, and biome and provide examples of each.

8-c
Describe and provide examples demonstrating negative and positive relationships among organisms (predator/prey, parasite/host, mutualism, and commensalisms.

8-f
Identify several kinds and causes of air, land, and water pollution.

8-h
Propose methods of reducing and controlling pollution.

18  Students will understand the cycling of matter and the flow and transformation of energy through systems of living things.

2-b
Know that many materials can be recycled or used again, sometimes in different forms.

2-c
Describe examples of simple food chains.

5-b
Define and provide examples of herbivores, carnivores, and omnivores.

5-c
Trace the flow of energy through the organisms in a variety of ecosystems.

5-d
Describe food webs in the ocean and on land and discuss their significance.

8-a
Describe the transformation of energy as the energy cycles through processes of photosynthesis and respiration.

8-b
Know that matter recycles within ecosystems and that although the form of matter changes, the total amount remains constant.

8-c
Diagram and discuss cycles in ecosystems including water, carbon, and nitrogen.

8-d
Describe the environmental conditions that lead to slow formation of fossil fuels and know that by burning these fossil fuels heat, carbon dioxide, and other gases are released into the environment.

19  Students will understand how biological traits are passed on to successive generations.

8-c
Describe Mendel’s experiments, including the principle of dominance and recessiveness, the principle of segregation, and the principle of independent assortment.

8-d
Predict genotype and phenotype ratios of possible offspring using a Punnett square for monohybrid and dihybrid crosses.

8-f
Describe how selective breeding for particular traits has resulted in new varieties of cultivated plants and domestic animals.

20  Students will understand the arguments for natural selection as scientific explanation of biological evolution.

2-a
Define the tern endangered, provide examples of endangered organisms, and identify reasons why some organisms are endangered.

2-d
Know that some organisms that lived long ago are similar to existing organisms, and some are quite different.

5-b
Compare fossils to one another and to living organisms according to their similarities and differences.

5-c
Relate the age of fossils to their position in a rock layer and explain why the fossils in more recently formed rock layers are more likely to resemble existing species.

5-d
Understand how selective breeding influences the process of evolution.

H.  The National Science Education K-4 and 5-8 Life Science Standards “Emphases” vs. the AERO Science Standard’s K-2, 3-5, and 6-8 The Living Environment Standards 
C-1
Structure and Function in Living Systems

8-e
The human organism has systems for digestion, respiration, reproduction, circulation, excretion, movement, control, and coordination, and for protection from disease.  These systems interact with one another.

8-f
Disease is a breakdown in structures or functions of an organism.  Some diseases are the result of intrinsic failures of the system.  Others are the result of damage by infection by other organisms.

C-3
Regulation and Behavior

8-a
All organisms must be able to obtain and use resources, grow, reproduce, and maintain stable internal conditions while living in a constantly changing external environment.

8-b
Regulation of an organism’s internal environment involves sensing the internal environment and changing physiological activities to keep conditions within the range required to survive.

8-c
Behavior is one kind of response an organism can make to an internal or environmental stimulus.  A behavioral response requires coordination, and communication at many levels, including cells, organ systems, and whole organisms.  Behavioral response is a set of actions determined in part by heredity and in part from experience.

8-d
An organism’s behavior evolves through adaptation to its environment.  How a species moves, obtains food, reproduces, and responds to danger are based in the species’ evolutionary history.

C-4
Populations and Ecosystems

8-a
A population consists of all individuals of a species that occur together at a given place and time.  All populations living together and the physical factors with which they interact compose an ecosystem.

8-d
The number of organisms an ecosystem can support depends on the resources available and abiotic factors, such as quantity of light and water, range of temperatures, and soil composition.  Given adequate biotic and abiotic resources and no disease or predators, populations increase at rapid rates.  Lack of resources and other factors, such as predation and climate, limit the growth of populations in specific niches in the ecosystem.

I.  AERO Science Standard’s K-2, 3-5, and 6-8 Human Organisms and Society Standards “Emphases” vs. the National Science Education K-4 and 5-8 Science in Personal and Social Perspectives Science Standards
21.  Students will know and understand the biological, cultural, and social explanations for why human beings have important traits common yet differ from one another.

21-2-a  Recognize that all humans are part of the same group, even though they have different external features such as the size and     shape of the eyes, and different color of hair, skin, and eyes.

21-2-b  Describe the basic needs of humans such as water food, air, shelter, waste removal, and a particular range of temperatures in the environment.

   21-2-d  Describe human family and community structure in which individuals have different roles and depend on other people for   various physical and emotional needs.

21-5-a  Cite examples to show that human behavior is due to a combination of factors, including inheritance, environmental and society.

21-5-b  Compare the factors that influence human behavior to the factors that influence the behavior of other animals.

21-5-c  Describe human body systems for obtaining and providing energy, defense, reproduction, and the coordination of body systems.

21-5-d  Compare human body systems to the systems of other animals.

21-5-e  Explain how fossil evidence supports the theory that human beings evolved from earlier species.

21-8-a  Identify and explain how artifacts and preserved remains provide evidence of the physical characteristics and behavior of human beings who lived a very long time ago.

21-8-b  Explain how human similarities enable them to donate blood and organs to one another.

22.  Students will be familiar with important aspects of human development from fertilization to death.
22-2-a  Recognize and explain that a human baby grows inside its mother for about nine months until its birth.

22-2-b  Explain why a human baby is unable to care for itself, and how its survival depends on the care it receives from other people.

22-5-a  Outline the steps of the “in utero” development for a human being.

22-5-b  Describe how human embryos are nourished by the mother.

22-5-c  Recognize the substances a pregnant woman takes in that will affect how well or poorly the baby develops.

22-5-d  Explain that fertilization occurs when sperm from a male’s testes are deposited near an egg cell from the female ovary and one of the sperm cells enters the egg cell.

22-5-e  Recognize the usual sequence of development among human beings from fertilization to death.

22-5-f  Recognize there is some variation in the age at which individuals’ development occurs.

22-8-a  Describe the stages of human embryonic development from fertilization to birth.

22-8-b  Describe the usual sequence of physical and mental development from birth to adulthood.

22-8-c  Describe the means by which different contraceptive methods prevent pregnancy.

22-8-d  Compare and contract human embryonic development to other vertebrates.

22-8-e  Describe the various body changes that will occur in human beings from adulthood until death.

22-8-f  Explain the influence of sanitation, diet, medication, gender, genes, environmental conditions and personal behaviors on length and quality of life.

23.  Students will understand the basic processes of the human body.

23-2-a  Describe human body parts and how they are used to see, find, and take in food.

23-2-b  Explain how the senses re used to find out about and interact with the environment including finding food, warning of danger, and interacting with other organisms.

23-2-c  Recognize that the brain controls the body through conscious and unconscious thought processes.

23-2-d  Discuss the brain’s role in terms of conscious thought and expression.

23-5-a  Describe how the brain gets signals from all parts of the body telling what is going on throughout the body and sends signals to  parts of the body to influence what they do.

23-5-b  Describe the body’s requirement of nutrients in food for energy and maintenance, growth and repair.

23-5-c  Describe the process of breathing and its role in the exchange of the gases oxygen (taken in) and carbon dioxide (eliminated).

23-5-d  Describe the function of the skin in regulating body temperature and as a waterproof covering to prevent drying out.

23-5-e  Describe the skin’s role in protecting the body from harmful substances and organisms.

   23-5-f  Understand that germs may keep the body from working properly, and ways the body defends against them, including tears,  saliva, skin, blood cells, and stomach secretions.

23-8-a  Describe the development of the brain and its functions from birth to death.

23-8-b  Describe the hierarchical organization of living things from cells to organ systems.

23-8-c  Describe the digestive process.

23-8-d  Describe cellular respiration, its use of oxygen and its production of carbon dioxide and energy.

23-8-e  Explain the role of white blood cells and antibodies in the defense of the body against invading microorganisms and viruses.

23-8-f  Describe the formation of natural immune responses and artificially induced immune responses and through vaccination.

23-8-g  Identify hormones a chemicals from glands that affect other body parts and explain how they help the body respond to danger and regulate human growth, development, and reproduction.

23-8-h  Describe the role of the excretory system in the removal of dissolved water molecules.

   23-8-i   Explain how the skin and lungs function in removal of excess body heat.

23-8-j   Describe the composition and pathways of the circulatory system.

23-8-k  Understand the history of disease, including the development of germ theory and its role in the development of knowledge of how  to strengthen immune system and cure infections.

23-8-l   Describe modes of transmission and prevention of AIDS and STDs.

23-8-m Give examples of some viral diseases, such as AIDS, which destroy critical cells of the immune system, leaving the body unable to deal with multiple infection agents and cancerous cells.  

24.  Students will understand that a variety of factors influence learning in human beings.
24-2-a  Describe some of the things people do, like playing soccer, reading, and writing, which must be deliberately learned.

24-2-b  Explain that different people learn at different rates, and learning may be influenced by how hard and how often a person practices an activity.

24-2-c  Give examples of how people can learn from each other by telling and listening, showing and watching, and imitating others.

24-5-a  Cite examples to show that human beings can make judgments about new situations using the memory or their past experiences.

24-5-b  Cite examples of skills that can be practiced until they become automatic.

24-5-c  Give examples of behaviors humans repeat because they feel good or have pleasant consequences and examples of behaviors humans avoid because they feel bad or have unpleasant consequences.

24-8-a  Explain why the level of skill a person can reach in any particular activity depends on innate abilities, practice, and the use of appropriate learning tools and materials.

24-8-b  Provide evidence to show that language and tools enable human beings to learn complicated and varied things from others.

24-8-c  Explain why many forms of sensory stimuli contribute to learning.

J.  The National Science Education K-4 and 5-8 Science in Personal and Social Perspectives Science Standards “Emphases” vs. the AERO Science Standard’s K-2, 3-5, and 6-8 Human Organisms and Society Standards
F-1
Personal Health

4-a
Safety and security are basic needs of humans.  Safety involves freedom from danger, risk, or injury.  Security involves feelings of confidence and lack of anxiety and fear.  Student understandings include following safety rules for home and school, preventing abuse and neglect, avoiding injury, knowing whom to ask for help, and when and how to say no.

4-c
Nutrition is essential to health.  Students should understand how the body uses food and how various foods contribute to health.  Recommendations for good nutrition include eating a variety of foods, eating less sugar, and eating less fat.

8-a
Regular exercise is important to the maintenance and improvement of health.  The benefits of physical fitness include maintaining body weight, having energy and strength for routine activities, good muscle tone, bone strength, strong heart/lungs systems, and improved mental health.  Personal exercise, especially developing cardiovascular endurance, is the foundation of physical fitness.

8-b
The potential for accidents and the existence of hazards imposes the need for injury prevention.  Safe living involves the development and use of safety precautions and the recognition of risk in personal decisions.  Injury prevention has personal and social dimensions.

8-e
Food provides energy and nutrients for growth and development.  Nutrition requirement vary with body weight, age, sex, activity, and body functioning.

8-f
Sex drive is a natural human function that requires understanding.  Sex is also a prominent means of transmitting diseases.  The diseases can be prevented through a variety of precautions.

8-g
Natural environments may contain substances (for example radon and lead) that are harmful to human beings.  Maintaining environmental health involves establishing or monitoring quality standards related to the use of soil, water and air.

F-2
Characteristics and Changes in Populations

4-a
Human populations include groups of individuals living in a particular location.  One important characteristic of a human population is the population density-the number of individuals of a particular population that lives in a given amount of space.

4-b
The size of a human population can increase or decrease.  Populations will increase unless other factors such as disease or famine decrease the population.


Populations, Resources, and Environments
8-a
When an area becomes overpopulated, the environment will become degraded due to the increased use of resources.

8-b
Causes of environmental degradation and resource depletion vary from region to region and from country to country.

F-3
Types of Resources
4-a
Resources are things that we get from the living and nonliving environment to meet the needs and wants of a population.

4-b
Some resources are basic materials, such as air, water, and soil; some are produced from basic resources, such as food, fuel, and building materials; and some resources are nonmaterial, such as quiet places, beauty, security, and safety.

4-c
The supply of many resources is limited.  If used, resources can be extended through recycling and decreased use.


Natural Hazards
8-a
Internal and external processes of the earth system cause natural hazards, events that change or destroy human and wildlife habitats, damage property, and harm or kill humans.  Natural hazards include earthquakes, landslides, wildfires, volcanic eruptions, floods, storms, and even the possible impacts of asteroids.

8-b
Human activities also can induce hazards through resource acquisition, urban growth, land-use decisions, and waste disposal.  Such activities can accelerate many natural changes.

8-c
Natural hazards can present personal and societal challenges because misidentifying the change or incorrectly estimating the rate and scale of change may result in either too little attention and significant human costs or too much cost for unneeded preventive measures.

F-4
Changes in Environments
4-a
Environments are the space, conditions, and factors that affect and individual’s and a population’s ability to survive and their quality of life.

4-c
Some environmental changes occur slowly, and others occur rapidly.  Students should understand the different consequences of changing environments in small increments over long periods of time as compared with changing environments in large increments over short periods.

Risks and Benefits
8-a
Risk analysis considers the type of hazard and estimates the number of people that might be exposed and the number likely to suffer consequences.  The results are used to determine the options for reducing or eliminating risks.

8-b
Students should understand the risks associated with natural hazards (fires, floods, tornadoes, hurricanes, earthquakes, and volcanic eruptions), with chemical hazards (pollutants in air, water, soil, and food), with biological hazards (pollen, viruses, bacterial, and parasites), social hazards (occupational safety and transportation), and with personal hazards (smoking, dieting, and drinking).

8-c
Individuals can use a systematic approach to thinking critically about risks and benefits.  Examples include applying probability estimates to risks and comparing them to estimated personal and social benefits.

8-d
Important personal and social decisions are made based on perceptions of benefits and risks.

F-5
Science and Technology in Local Challenges

4-a
People continue inventing new ways of doing things, solving problems, and getting work done.  New ideas and inventions often affect other people; sometimes the effects are good and sometimes they are bad.  It is helpful to try to determine in advance how ideas and inventions will affect other people.

4-b
Science and technology have greatly improved food quality and quantity, transportation, health, sanitation, and communication.  These benefits of science and technology are not available to all of the people in the world.


Science and Technology in Society
8-a
Science influences society through its knowledge and world view.  Scientific knowledge and the procedures used by scientists influence the way many individuals in society think about themselves, others, and the environment.  The effect of science on society is neither entirely beneficial nor entirely detrimental.

8-b
Societal challenges often inspire questions for scientific research, and social priorities often influence research priorities through the availability of funding for research.

8-c
Technology influences society through its products and processes.  Technology influences the quality of life and the ways people act and interact.  Technological changes are often accompanied by social, political, and economic changes that can be beneficial or detrimental to individuals and society.  Social needs, attitudes, and values influence the direction of technological development.

8-d
Science and technology have advanced through contributions of many different people, in different cultures, at different times in history.  Science and technology have contributed enormously to economic growth and productivity among societies and groups within societies.

8-e
Scientists and engineers work in many different settings, including colleges and universities, businesses and industries, specific research institutes, and government agencies.

8-f
Scientists and engineers have ethical codes requiring that human subjects involved with research be fully informed about the risks and benefits associated with the research before the individuals choose to participate.  This ethic extends to potential risks to communities and property.  In short, prior knowledge and consent are required for research involving human subjects or potential damage to property.

8-g
Science cannot answer all the questions and technology cannot solve all human problems or meet all human needs.  Students should understand the difference between scientific and other questions.  They should appreciate what science and technology can reasonably contribute to society and what they cannot do.  For example, new technologies will often decrease some risks and increase others.

K.  The National Science Education K-4 and 5-8 Science and Technology Science Standards “Emphases” vs. the AERO K-2, 3-5, and 6-8 Science Standards 
E-1
Abilities of Technological Design

4-a
Identify a simple problem.  Students should be able to explain a problem in their own words and identify a specific task and solution related to the problem.

4-b
Propose a solution.  Students should make proposals to build something or get something to work better and describe and communicate their ideas.  Recognize that designing a solution might have constraints, such as cost, materials, time, space, or safety.

4-c
Implementing proposed solutions.  Students should develop abilities to work both individually and collaboratively and use suitable tools, techniques, and quantitative measurements when appropriate.  They should be able to balance simple constraints in problem solving.

4-d
Evaluate a product or design.  Students should evaluate their own results or solutions to problems, as well as those of other students, by considering how well a product or design met the challenge to solve a problem.  When possible, use measurements and include constraints and other criteria in their evaluations.  They should modify designs based on the results of evaluations.

4-e
Communicate a problem, design, and solution.  Student abilities should include oral, written, and pictorial communication of the design process and product.  These communications might be show and tell, group discussions, short written reports, or pictures, depending on the students’ abilities and the design project.

8-a
Identify appropriate problems for technological design.  Students should develop abilities by identifying a specific need, considering its various aspects, and talking to different potential users or beneficiaries.  They should appreciate that for some needs, the cultural backgrounds and beliefs of different groups can affect the criteria for a suitable product.

8-b
Design a solution or product.  Students should make and compare different proposals in light of the criteria they have selected.  They must consider constraints (cost, time, trade-offs, materials needed, etc.) and communicate ideas with drawings and simple models.

8-c
Implement a proposed design by organizing materials and other resources, planning their work, making good use of group collaboration where appropriate, choosing suitable tools and techniques, and working with appropriate measurement methods to ensure adequate accuracy.

8-d
Evaluate completed technological designs or products by using criteria relevant to the original need or purpose, considering a variety of factors that might affect acceptability and suitability for intended users or beneficiaries, and developing measures of quality with respect to such criteria and factors.  They should also suggest improvements and, for their own products, try proposed modifications.

8-e
Communicate the process of technological design.  Students should review and describe and completed piece of work and identify the stages of problem identification, solution design, implementation, and evaluation.

E-2
Understandings about Science and Technology

4-a
People have always had questions about their world.  Science is one way of answering questions and explaining the natural world.

4-b
People have always had problems and invented tools and techniques (ways of doing something) to solve problems.  Trying to determine the effects of solutions helps people avoid some new problems.

4-c
Scientists and engineers often work in teams with different individuals doing different things that contribute to the results.  This understanding focuses primarily on teams working together and secondarily, on the combination of scientist and engineer teams.

4-d
Women and men of all ages, backgrounds, and groups engage in a variety of scientific and technological work.

4-e
Tools help scientists make better observations, measurements, and equipment for investigations.  They help scientists see, measure, and do things that they could not otherwise see, measure, and do.

8-a
Scientific inquiry and technological design have similarities and differences.  Scientists propose explanations for questions about the natural world, and engineers propose solutions relating to human problems, needs, and aspirations.  Technological solutions are temporary; technologies exist within nature and so they cannot contravene physical or biological principles; technological solutions have side effects; and technologies cost, carry risks, and provide benefits.

8-b
Many different people in different cultures have made and continue to make contributions to science and technology.

8-c
Science and technology are reciprocal.  Science helps drive technology, as it addresses questions that demand more sophisticated instruments and provides principles for better instrumentation and technique.  Technology is essential to science, because it provides instruments and techniques that enable observations of objects and phenomena that are otherwise unobservable due to factors such as quantity, distance, location, size, and speed.  Technology also provides tools for investigations, inquiry, and analysis.

8-d
Perfectly designed solutions do not exist.  All technological solutions have tradeoffs, such as safety, cost, efficiency, and appearance.  Engineers often build in back-up systems to provide safety.  Risk is a part of living in a highly technological world.  Reducing risk often results in new technology.

8-e
Technological designs have constraints.  Such constraints are unavoidable, for example, properties of materials, or effects of weather and friction; other constraints limit choices in the design, for example, environmental protection, human safety, and aesthetics.

8-f
Technological solutions have intended benefits and unintended consequences.  Some consequences can be predicted, others cannot.

E-3
Abilities to Distinguish Between Natural Objects and Objects Made by Humans

4-a
Some objects occur in nature; others have been designed and made by people to solve human problems and enhance the quality of life.

L.  The National Science Education K-4 and 5-8 History and Nature of Science Science Standards “Emphases” vs. the AERO K-2, 3-5, and 6-8 Science Standards 
G-1
Science as a Human Endeavor

4-a
Science and technology have been practiced by people for a long time.

4-b
Men and women have made a variety of contributions throughout the history of science and technology.

4-c
Although men and women using scientific inquiry have learned much about the objects, events, and phenomena in nature, much more remains to be understood.  Science will never be finished.

4-d
Many people choose science as a career and devote their entire lives to studying it.  Many people derive great pleasure from doing science.

8-a
Women and men of various social and ethnic backgrounds – and with diverse interests, talents, qualities, and motivations – engage in the activities of science, engineering, and related fields such as the health professions.  Some scientists work in teams, and some work alone, but all communicate extensively with others.

8-b
Science requires different abilities, depending on such factors as the field of study and type of inquiry.  Science is very much a human endeavor, and the work of science relies on basic human qualities, such as reasoning, insight, energy, skill, and creativity – as well as on scientific habits of mind, such as intellectual honesty, tolerance of ambiguity, skepticism, and openness to new ideas.

G-2
Nature of Science

8-a
Scientists formulate and test their explanations of nature using observation, experiments, and theoretical and mathematical models.  Although all scientific ideas are tentative and subject to change and improvement in principle, for most major ideas in science, there is much experimental and observational confirmation.  Those ideas are not likely to change greatly in the future.  Scientists do and have changed their ideas about nature when they encounter new experimental evidence that does not match their existing explanations.

8-b
In areas where active research is being pursued and in which there is not a great deal of experimental or observational evidence and understanding, it is normal for scientists to differ with one another about the interpretation of the evidence or theory being considered.  Different scientists must publish conflicting experimental results or might draw different conclusions from the same data.  Ideally, scientists acknowledge such conflict and work towards finding evidence that will resolve their disagreement.

8-c
It is part of scientific inquiry to evaluate the results of scientific investigations, experiments, observations, theoretical models, and the explanations proposed by other scientists.  Evaluation includes reviewing the experimental procedures, examining the evidence, identifying faulty reasoning, pointing out statement that go beyond the evidence, and suggesting alternative explanations for the same observations.  Although scientists may disagree about explanations of phenomena, about interpretations of data, or about the value of rival theories, they do agree that questioning, response to criticism, and open communication are integral to the process of science.  As scientific knowledge evolves, major disagreements are eventually resolved through interactions between scientists.

G-3
History of Science

8-a
Many individuals have contributed to the traditions of science.  Studying some of these individuals provides further understanding of scientific inquiry, science as a human endeavor, the nature of science, and the relationships between science and society.

8-b
In historical perspective, science has been practiced by different individuals in different cultures.  In looking at the history of many peoples, one finds that scientists and engineers of high achievement are considered to be among the most valued contributors to their culture.

8-c
Tracing the history of science can show how difficult it was for scientific innovators to break through the accepted ideas of their time to reach the conclusions that we currently take for granted.

IV. Selected Characteristics of the Standards 

A.  Choosing Standards

      Easily noted is the potentially “overwhelming” nature of the preceding document that compares the K-2, 3-5, and 6-8 Science Standards from Project AERO with the National Science Education Standards for grades K-4 and 5-8.  The reviewer is encouraged to use the results of the comparison for any helpful purpose (improving elementary and middle school science education) that it may serve.  

     The reviewer may choose to disregard the National Science Education Standards and use the Project AERO Science Standards as they are currently written without modification.  Conversely, one might decide to disregard the Project AERO Science Standards and use the established National Science Education Standards as they are written.  Or, the reviewer might take “the best of both worlds” and construct a new set of science standards that reflect the strengths and emphases of both established sets of standards.  Before such a choice is made, agreed upon, and implemented, however, it could prove advantageous to consider a variety of characteristics regarding the existing sets of science standards.

B.  Origins of the Standards

      First, Project AERO standards and the National Science Education Standards have different, but related, origins.  Project AERO standards for science were developed in 2000, derived from the Standards of Excellence published by the Council for Basic Education (CBE) in 1998.  The CBE science standards were derived from the Benchmarks for Scientific Literacy published in 1993 by the American Association for the Advancement of  Science.  In 1993, the Benchmarks, part of AAAS’s Project 2061, were heralded by the scientific and educational communities as a great leap forward, providing future direction for science education…at that time.  

     In 1996, along came the National Science Education Standards published by the National Academy of  Science’s National Research Council.  These standards were immediately acknowledged as the USA national standards, accepted as so by every major science, education, parent, and school organization---including the American Association for the Advancement of Science which had produced Benchmarks three years earlier and whose developers were themselves contributors to the National Science Education Standards.  The publication of the National Science Education Standards represented , for the first time in the history of science education, universal agreement about what K-12 students should learn in science and how they should learn it.    

     It is assumed that the standards that comprise the Project AERO Science Standards were written to address the specific characteristics and aspects that might be unique to the overseas schools for which they were written.  Likewise, since the National Research Council’s release of the National Science Education Standards in 1996, almost all individual states in the USA have created their own science standards that reflect the uniqueness of the clientele served by them.  These state science standards share many common areas with the National Science Education Standards.  In fact, most states have modeled their science standards after the National Science Education Standards, but have made changes and modifications to better reflect their own state’s unique qualities and characteristics.  The National Science Education Standards themselves are described as “guidelines” and “recommendations” for improving science education in our nation’s schools.  If the Project AERO Science Standards do, in fact, reflect the unique nature of the schools for which they were written, it would not be prudent to then disregard these standards in favor of the National Science Education Standards.  On the other hand, if overseas schools wish to reflect the  standards that have become the premier science curriculum currency in the United States, the ones upon which most commercially-available science programs are based,  schools would be ill-advised to ignore the National Science Education Standards. 

C. Inclusions within the Standards Documents

     Our focus in this document is primarily upon the content standards of Project AERO and the National Science Education Standards.  In the case of AERO, there isn’t much more.  Except for a few introductory remarks, the intent of AERO is clearly on content standards.  However, while content standards are a major component of the National Science Education Standards, there is also extensive information to guide schools in the adoption and implementation of the national standards.  Included are major sections on rationale, principles and definitions, science teaching standards, standards for the professional development of teachers of science, assessment in science education, school program standards, and support system standards. Regardless of what science standards a school may adopt, the implementation information in the national standards may prove helpful.

D.  Commercial Applications of the Standards

      Understanding the nature of commercial publishers of science textbook and modular or kit programs adds yet another twist to writing, adopting and/or implementing a set of science standards.  Commercial curriculum producers are in business to make a profit.  To do so,  they must appeal to as many potential purchasers as possible.  Additionally, science curriculum materials producers try to satisfy schools’ concerns that the science materials produced are written and designed to meet existing standards.  It would be impossible and unprofitable for a company to produce different textbooks and kits that meet the science standards of fifty different states.  In an effort to maximize their profits, companies create science curriculum materials with goals and objectives based upon the National Science Education Standards.  If a school purchases a textbook or kit program, then, almost certainly it is reflective of the National Science Education Standards.  Thus, a school that adopts science standards significantly different from the National Science Education Standards will experience difficulties (inconsistencies regarding goals, objectives, concepts, learning activities, etc.) when adopting and implementing a commercially available science textbook or kit program.  Most commercially-available materials are correlated with the National Science Education Standards, not with other standards. 

E.  Specificity of the Standards

     The Project AERO Science Standards are written very specifically as compared to the general nature of the written National Science Education Standards.  This is viewed neither as a particular strength or weakness.  It should be noted that the National Science Education Standards were written in general terms to permit local flexibility when interpreting their meaning and intent.  For example, the National Science Education Standards states “The surface of the earth changes.  Some changes are due to slow processes, such as erosion and weathering, and some changes are rapid processes, such as landslides, volcanic eruptions, and earthquakes.”  Schools are encouraged to interpret the National Standards in a way that meets their unique needs.  The Project AERO Science Standards, on the other hand, are written in very specific terms.  They permit little flexibility and room for interpretation.  A Project AERO Science Standard similar to the NSES above states “Describe how wind and water in various forms, shape the earth’s surface, including the processes of erosion and deposition.  Explain the effect of earthquakes and volcanic eruptions.” 

F.  Higher Level Thinking   

     Finally, what qualities are valued by our society and employers and what implications does this have on education? Business, industry, and society value individuals that can think critically and creatively, solve problems, make decisions, and can cooperate and effectively communicate with others.  Is this the preparation received by the students in our schools?  How might we better ensure that we are preparing students who will be successful in their world?  

     While it is widely accepted that students need to be challenged to think at both low and high levels of thought, surveys and research at the elementary and middle school levels indicate that ninety percent of the questions teachers ask and tasks in which they involve their students are at the lowest thinking levels.  Bloom’s Taxonomy identifies six levels of thought and includes at the lowest level knowledge and comprehension and at the highest levels application, analysis, synthesis, and evaluation.  Knowledge and comprehension levels require students to simply memorize and provide explanations in their own words.  Rarely are students challenged to apply their knowledge and skills to new situations, to analyze phenomena and events, to construct a new creation, and/or to provide and substantiate a judgment based upon criteria.  It doesn’t help that textbook/kit questions and tasks often promote just the lowest levels of thought.  As many teachers rely on the textbook for their science curriculum, they rely on the questions and tasks that lie within.  Science standards should encourage and challenge students to think at both low and high levels.  A quick glance at the Project AERO Science Standards confirms that many of the statements are written at the very lowest thinking levels of Bloom’s Taxonomy.  Students will identify, explain, describe, know, understand, and define.  Students provided mainly (or only) with such low-level thinking challenges will gain an edge on the competition should they decide to become Trivial Pursuit experts but will find themselves at a disadvantage in other endeavors that require problem solving and critical thinking.

V.  Recommendations for Enhancing Use of Project AERO

A.  General and Specific Recommendations

     Based upon the analysis of the Project AERO K-2, 3-5, and 6-8 Science Standards and comparison to the National Science Education Standards, and in an effort to improve science education for all students in schools served by Project AERO, a number of recommendations are offered below.  These recommendations are divided into grade-level clusters for grades K-2, 3-5, and 6-8.  They are further divided into general and content specific recommendations.   General recommendations are those which would likely increase the effectiveness of science education and are related to use of the AERO standards.  The content specific recommendations are about specific content information that should be included in the Project AERO Science Standards, but isn’t, or content that should perhaps be excluded.  These focus mainly on the most important content modifications that would be recommended.  It is advised that the relative emphases that were identified in the previous pages be reviewed and decisions be made regarding the implementation of content information that is very specific.  The recommendations for each grade-level cluster are intended for that specific cluster, although obvious similarities will appear throughout all the clusters.  It is intended that teachers, administrators, and parents review these recommendations and evaluate their merit and potential implementation.

B.  Recommendations for Grades K-2

General  

Assuming adherence to the Project AERO Science Standards…

· Supplement Project AERO Science Standards where necessary (see specific content recommendations below) with the National Science Education Standards
· Involve the participation of teachers, administrators, and parents in decisions regarding the adoption and implementation of science standards

· Communicate within and between grade level (K-2, 3-5, and 6-8) clusters to ensure that all standards will be adequately addressed including who will address each and when will each be addressed.

· Realize that standards address the minimum content & skills in science that all kids know & be able to do

· When possible, address standards via active integration or reinforcement of one subject area through another

· Replace “passive” verbs (know, understand) in the standards with “action” verbs (investigate, classify, apply)

· Modify standards statements to reflect both low and high levels of thought

· Provide students with teacher-crafted opportunities through inquiry to meet standards

· When involving students in experiences with a standard, follow constructivist methodology where students first gain personal experiences through active exploration with materials/objects before terminology and meaning is introduced

· Employ the use of a variety of teaching/instructional strategies (hands-on/minds-on explorations, demonstrations, field trips, discussions, group work, etc.) when meeting the standards to address the variety of different learning styles favored by each student

· Construct science assessments to determine if the students have met the standards by using a variety of different techniques (performance tasks, projects, teacher observations, portfolios, tests, etc.) to give kids a variety of ways to demonstrate what they know & are able to do

· Include from the National Science Education Standards the broad areas and accompanying standards for Science and Technology and The History and Nature of Science which are not included in the Project AERO Science Standards

Specific Content
· Construct science standards that focus particularly on the students’ acquisition and development of the science process skills (observation, classification, inference, prediction, communication, measurement, experimenting, recognizing/identifying variables, interpreting data, etc.)

· Scientific Inquiry – include “plan and conduct a simple investigation”

· Scientific Inquiry – include conducting different types (descriptive, experimental) investigations

· Scientific Inquiry – include using tools to gather information about phenomena/world around them

· The Physical Setting – include light and how it travels in straight lines until it strikes an object  Light can be reflected by a mirror, refracted by a lens, or absorbed by an object

· The Physical Setting – include properties and changes of properties of matter (states of matter and how they change)

· Human Organisms and Society – include that safety (freedom from danger, risk, injury) and security (feelings of confidence and lack of anxiety and fear) are basic human needs

· Human Organisms and Society – include nutrition as essential to health and how the body uses different types of food

· Human Organisms and Society – include basic material resources (things we get from the environment to meet our needs) we get including air, water, and soil and some resources (food, fuel, building materials) are produced from these basic resources. Non material resources (quiet places, beauty, security, safety) are important too

· Human Organisms and Society – include environments, what they are, what affects them, potential changes they incur, and the consequences faced over various periods of time as they change

· Include any or all appropriate and necessary standards taken from the National Science Education Science and Technology Standards (see relative emphases) 

· Include any or all appropriate and necessary standards taken from the National Science Education History and Nature of Science  Standards (see relative emphases)

C.  Recommendations for Grades 3-5

General  

     Assuming adherence to the Project AERO Science Standards…

· Supplement Project AERO Science Standards where necessary (see specific content recommendations below) with the National Science Education Standards
· Involve the participation of teachers, administrators, and parents in decisions regarding the adoption and implementation of science standards

· Communicate within and between grade level (K-2, 3-5, and 6-8) clusters to ensure that all standards will be adequately addressed including who will address each and when will each be addressed.

· Realize that standards address the minimum content & skills in science that all kids know & be able to do

· When possible, address standards via active integration or reinforcement of one subject area through another

· Replace “passive” verbs (know, understand) in the standards with “action” verbs (investigate, classify, apply)

· Modify standards statements to reflect both low and high levels of thought

· Provide students with teacher-crafted opportunities through inquiry to meet standards

· When involving students in experiences with a standard, follow constructivist methodology where students first gain personal experiences through active exploration with materials/objects before terminology and meaning is introduced

· Employ the use of a variety of teaching/instructional strategies (hands-on/minds-on explorations, demonstrations, field trips, discussions, group work, etc.) when meeting the standards to address the variety of different learning styles favored by each student

· Construct science assessments to determine if the students have met the standards by using a variety of different techniques (performance tasks, projects, teacher observations, portfolios, tests, etc.) to give kids a variety of ways to demonstrate what they know & are able to do

· Include from the National Science Education Standards the broad areas and accompanying standards for Science and Technology and The History and Nature of Science which are not included in the Project AERO Science Standards

Specific Content
· Construct science standards that focus particularly on the students’ acquisition and development of the science process skills (observation, classification, inference, prediction, communication, measurement, experimenting, recognizing/identifying variables, interpreting data, etc.)

· Scientific Inquiry – include “plan and conduct a simple investigation”

· Scientific Inquiry – include conducting different types (descriptive, experimental) investigations

· Scientific Inquiry – include using tools and techniques to gather information about phenomena/world around them and interpret data

· The Physical Setting – include properties and changes of properties of matter (states of matter and how they change)

· Human Organisms and Society – include that safety (freedom from danger, risk, injury) and security (feelings of confidence and lack of anxiety and fear) are basic human needs

· Human Organisms and Society – include nutrition as an essential to health and how the body uses different types of food

· Human Organisms and Society – include information about human populations (what they are, their characteristics, density, and the factors that can increase and decrease populations)

· Human Organisms and Society – include basic material resources (things we get from the environment to meet our needs) we get including air, water, and soil and some resources (food, fuel, building materials) are produced from these basic resources. Non material resources (quiet places, beauty, security, safety) are important too

· Human Organisms and Society – include environments, what they are, what affects them, potential changes they incur, and the consequences faced over various periods of time as they change

· Human Organisms and Society – include how people’s inventions (new ways of doing things, solving problems, and getting work done) positively and negatively affect people and society.  Science and technology have greatly improved food quality and quantity, transportation, health, sanitation, and communication… but are not available to people in all parts of the world

· Include any or all appropriate and necessary standards taken from the National Science Education Science and Technology Standards (see relative emphases) 

· Include any or all appropriate and necessary standards taken from the National Science Education History and Nature of Science  Standards (see relative emphases)

D.  Recommendations for Grades 6-8

General  

     Assuming adherence to the Project AERO Science Standards…

· Supplement Project AERO Science Standards where necessary (see specific content recommendations below) with the National Science Education Standards
· Involve the participation of teachers, administrators, and parents in decisions regarding the adoption and implementation of science standards

· Communicate within and between grade level (K-2, 3-5, and 6-8) clusters to ensure that all standards will be adequately addressed including who will address each and when will each be addressed.

· Realize that standards address the minimum content & skills in science that all kids know & be able to do

· When possible, address standards via active integration or reinforcement of one subject area through another

· Replace “passive” verbs (know, understand) in the standards with “action” verbs (investigate, classify, apply)

· Modify standards statements to reflect both low and high levels of thought

· Provide students with teacher-crafted opportunities through inquiry to meet standards

· When involving students in experiences with a standard, follow constructivist methodology where students first gain personal experiences through active exploration with materials/objects before terminology and meaning is introduced

· Employ the use of a variety of teaching/instructional strategies (hands-on/minds-on explorations, demonstrations, field trips, discussions, group work, etc.) when meeting the standards to address the variety of different learning styles favored by each student

· Construct science assessments to determine if the students have met the standards by using a variety of different techniques (performance tasks, projects, teacher observations, portfolios, tests, etc.) to give kids a variety of ways to demonstrate what they know & are able to do

· Include from the National Science Education Standards the broad areas and accompanying standards for Science and Technology and The History and Nature of Science which are not included in the Project AERO Science Standards

Specific Content
· Construct science standards that focus particularly on the students’ acquisition and development of the basic (observation, classification, inference, prediction, communication, measurement) and integrated (experimenting, recognizing/identifying/testing variables, interpreting data, constructing models, etc.) science process skills 

· Scientific Inquiry – include the identification of questions that can be answered via testing/investigation procedures

· Scientific Inquiry – include “plan and conduct a science investigation” including making systematic observations and accurate measurements, identifying and controlling variables, formulating questions, designing and executing investigations, interpreting data, and using evidence to generate explanations, propose alternative explanations, critique explanations and procedures, and communicate investigation results to peers

· Scientific Inquiry – include using tools and techniques to gather information about phenomena/world around them and interpret data

· The Physical Setting – include properties and changes of properties of matter (boiling point, density, solubility, mixtures, chemical reactions)

· The Physical Setting – include the transfer of energy (light, heat, electricity, chemical, sound, etc.)

· The Living Environment – include a focus on student understanding and application of information regarding human body systems (digestive, respiratory, reproductive, circulatory, excretive, movement, control an coordination, immune) including how they work and how they interact with one another

· The Living Environment – include an organism’s internal and external environment, how they interact, how change affects them, and how they adapt

· The Living Environment – include the concept of “population” (what they are, what affects them, how they respond to change regarding biotic and abiotic factors)

· Human Organisms and Society – include the benefits of exercise on health

· Human Organisms and Society – include the potential for accidents and the existence of hazards and the need for injury prevention.

· Human Organisms and Society – include sex drive as a natural human function that requires understanding.  Address sex as a means for transmitting disease and how such diseases can be prevented

· Human Organisms and Society – include that natural environments may contain harmful substances (radon, lead, etc.) and the importance of maintaining environmental health relating to the use of air, water, and soil

· Human Organisms and Society – include how overpopulation of an area can cause environmental degradation due to depletion of resources which varies from region to region and country to country

· Human Organisms and Society – include natural hazards (earthquakes, landslides, floods, volcanic eruptions, storms, asteroids) and how they are caused, what they can destroy, how they can be induced by human actions, and the personal and societal challenges they cause, their cost, and preventive measures

· Human Organisms and Society – include risk and benefit analysis as considering the type of hazard (natural, chemical, biological, social, and personal) and the number of people likely to be exposed and affected by it.  Using probability important personal and societal decisions are made based upon perceptions of risk and benefit

· Human Organisms and Society – include how science influences (positively and negatively) society through its knowledge and world view.  Scientists and engineers from different cultures and times who work in many different settings provide economic and productivity contributions, but follow ethical codes requiring that human subjects involved with research be fully informed about potential risks and benefits

· Human Organisms and Society – include how societal challenges often inspire scientific research, technology, or questions and how society influences scientific priorities and funding

· Human Organisms and Society – include how technology influences society through its products and processes.  It influences the quality of life and the ways that people interact.  Technology changes are often accompanied by social, political, and economic changes that may be either beneficial or detrimental.  Social needs, attitudes, and values influence the direction of technological development

· Include any or all appropriate and necessary standards taken from the National Science Education Science and Technology Standards (see relative emphases) 

· Include any or all appropriate and necessary standards taken from the National Science Education History and Nature of Science  Standards (see relative emphases)
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