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I.  Overview of the Project


The idea behind this project is to apply various theoretical ideas regarding curriculum development into a curriculum which would be most appropriate for contemporary science instruction.  It is based on my personal views and what I envision to be the most ideal plan for a curriculum.


My background is in the physical and Earth sciences, and that is the subject matter which I have chosen for this curriculum.  I am currently involved in the GK-12 Fellowship Program here at OSU, and I will be entering the classroom in the fall as a teaching assistant.  The unique thing about my particular assignment is that I will be rotating for a period of six months through all three public school levels – two months in a secondary school, two months in a middle school, and two months in a primary school.  I have thus chosen a middle school Earth science curriculum here as my project.


In addition to the overall aspects of my curriculum (rationale and goals), I will present in outline form a two-week unit which will best illustrate my rationale for the nature of my curriculum.  My curriculum is based upon the Prentice Hall Exploring Earth Science textbook, with many modifications.

II.  Rationale for the Curriculum and its Overall Goals


Developing a meaningful and useful science curriculum is certainly no easy task.  The factors going into such an endeavor are often overwhelming.  Consider first the traditional definition of curriculum as


“…all of the required educational offerings designed to foster a specified list of cognitive, affective, and psychomotor skills…”

Obviously this leaves a lot of bases to be covered.  Educators, and those involved in policy-making in America (often two mutually exclusive groups!) have long struggled to come up with the ideal philosophy behind developing the ‘perfect’ curriculum.  This is probably because such a curriculum doesn’t exist; it is impossible to please everybody and much of one’s approach toward developing a curriculum involves a certain amount of personal bias.


The primary rationale for my curriculum has to do with my personal views regarding education.  I believe that the American student who has just graduated secondary school needs to meet certain intellectual science standards (sadly this is lacking in today’s educational environment).  Upon graduating from the public school system, I think every student should have good problem-solving skills, good communication skills, an interconnected knowledge base, and an appreciation and knowledge of scientific inquiry.  Other skills which are useful in many other spheres of life deal with multi-cultural awareness, morals and ethics, good citizenship, and a sense of self-reliance.  Above all, and what is perhaps a synthesis of all of these, is a well-rounded scientific literacy.  These are all ideas which were discussed in class and I agree with all of them, as would most people.  Infusing them into our youth via an effective curriculum is the challenge. 

In my curriculum I have attempted to make it possible for the student to develop scientific inquiry skills, problem-solving skills, and a well-rounded literacy of science today.  Thus in a broad sense, the goal of my curriculum is to have the middle school student graduate from that level acquire these three skills things before moving on to secondary school.

We have had many interesting class discussions regarding curriculum development and my personal views regarding many of them in particular have played a role in shaping this curriculum.  We have discussed the various interests involved in curriculum development, of which there are four:  state interest, parental interests, societal interests, and teacher interests.  All four of them, in my opinion, have a certain stake in what children learn in school.  However, if pressed to pick one as more important than the others, I would have to say that the societal interest is the most important one to satisfy.  In my view, this translates into the ultimate goal of having a public which possesses a well-rounded, applicable knowledge of science.  I have kept this in mind when developing my curriculum.

I find it fascinating that many of the issues which we hold as important today in school curriculums were seen as important as far back as 100 years ago.  In ‘The Committee of 10’, which was written in 1892, the authors cite a need for an interdisciplinary focus in science, diverse assessment techniques, and an emphasis on science laboratories and hands-on experience.  I agree with the need for these items as well, and have included them when developing my curriculum goals.

A significant amount of our class time has been spent discussing the psychology behind many of the curriculum approaches over the past several decades.  When deciding the approach I wanted to take in this curriculum, I concluded that my line of thought follows that of Bruner more closely than that of Ausebel.  I think the inductive teaching model is the best for mastering important scientific skills; when the teacher presents the material and has the students hypothesize, test their ideas, arrive at their own conclusions, and make further predictions, good inquiry skills are certainly being developed.  This focus on induction, discovery, and process/thinking skills, produces better scientifically-rounded students than the deductive teaching model suggested by Ausebel.  Science education, in my opinion, should be student-oriented rather than teacher-oriented, stressing processes as opposed to simple and broad concepts.


Many of the curriculum reform issues which we have spent much time discussing have dealt with many important ideas which I agree with.  I agree that curriculums need to teach more processes, scientific thinking, hands-on inquiry, and interconnectedness.  Curriculums also need to capitalize and maximize a students inherent inquisitive nature.  I also agree with the main themes of curriculum reform that have been proposed by committees such as the National Science Education Standards and Project 2061.  Teaching integration, problem-solving, and critical thinking are all essential to an effective science curriculum, no matter what the grade level or subject type.  I have tried to keep all of these in mind when formulating this middle school earth science curriculum.
III.  Individual Units and Goals


What follows is a list of the individual units in my curriculum, with more detailed topics under the headings.  Additionally, I have included specific unit goals at the end of each unit section.  The listing is in chronological order, and is not necessarily meant to be covered in one academic year.

UNIT 1: Exploring the Universe


-  Natural science exploration in general


-  The universe beyond our solar system; stars and galaxies


-  The solar system


-  The Earth/sun system


-  The Earth/moon system

Goals of this unit 

At the end of the unit, students should be able to:

· Explain the goal of science and be able to explain the scientific method.

· Identify and compare units of measure.

· Explain the role of tools in scientific studies.

· Describe the characteristics of stars, star systems, and galaxies.

· Discuss the characteristics of the Earth and its moon.

· Identify the interactions that occur between the Earth, its moon, and the sun.

· Relate the tilt of the Earth’s axis and its position in reference to the sun to the Earth’s seasons and the length of days.

UNIT 2: Exploring Planet Earth


-  The history of planet Earth


-  The atmosphere


-  The oceans


-  Earth’s landmasses


-  The Earth’s interior

Goals of this unit 

At the end of the unit, students should be able to:

· Identify different types of fossils and explain the importance of fossils.

· Explain historical dating.

· Name the eras and recent periods in geologic history and discuss events that took place on Earth.

· Discuss the concept of evolution and the evidence that supports it.

· Describe the fossil evidence of evolution.

· Apply theories regarding the formation of the solar system to the characteristics of  planets and other objects in the solar system.

· Discuss how the composition of the Earth’s atmosphere has changed over time.

· Describe the layers of the atmosphere and describe the magnetosphere.

· Identify the properties, life zones, and motions of the Earth’s oceans.

· Explain how Earth maintains a supply of fresh water.

· Name the Earth’s continents and describe the characteristics of mountains, plains, and plateaus.

· Describe the types of maps made of the Earth and explain how to interpret maps.

· Name and describe the properties of the Earth’s interior layers.

UNIT 3: The Dynamic Earth


-  Rocks and minerals


-  Movement of the Earth’s crust, plate tectonics


-  Earthquakes and volcanoes


-  Weathering and soil formation


-  Erosion and deposition

Goals of this unit 

At the end of the unit, students should be able to:

· Describe and explain the motion of the Earth’s crust.

· Describe the formation of mountains, plateaus, and domes.

· Discuss why Earthquakes occur.

· Describe the types of volcanoes and state the locations of major zones of volcanic activity.

· Discuss continental drift, ocean-floor spreading, and plate tectonics, and list the major lithospheric plates.

· Explain how minerals are identified and used.

· Describe the three basic types of rocks, and explain the rock cycle.

· Describe the processes of weathering and soil formation.

· Identify the factors that cause erosion and deposition.

UNIT 4: Weather and Climate on Earth


-  Weather


-  Climate


-  Climate in the United States

Goals of this unit 

At the end of the unit, students should be able to:

· Identify factors that interact to cause climate

· Describe the impact of air pressure, wind, and humidity on weather.

· Describe how fronts affect weather patterns and explain the process of predicting weather.

· Differentiate between weather and climate.

· Identify characteristics of Earth’s Climate zones.

· Detail the impact of climate changes on organisms.

· Describe the varying climate of regions in the United States.

· Relate the land biomes of the United States to their climates.

UNIT 5: Ecology and the Earth’s Natural Resources


-  Earth’s living resources


-  Earth’s non-living resources


-  Pollution


-  Conservation of our natural resources

Goals of this unit 

At the end of the unit, students should be able to:

· Identify fossil fuels and their uses.

· Discuss other forms of energy resources, including alternative sources of energy.

· Name living and non-living natural resources and label them as renewable or nonrenewable resources.

· Describe methods for managing land resources.

· Identify sources of land, air, and water pollution.

· Detail ways of preventing land, air, and water pollution.

· Recognize the need for recycling to conserve resources and help prevent pollution.

IV.  Two-week Unit Outline


The following is an outline of an instructional unit designed to last at least two weeks, which translates to roughly 10 or more class meetings.  I have chosen a particular topic which I will be involved with in the classroom this coming school year and reflects much of my scientific and professional background and research interests.  The outline indicates the general flow of the unit as well as particular activities or labs that could be included in each section (there are many other activities that can be done, but what is listed here can be thought of as a minimum).  After presenting the outline I will discuss how this two-week unit lines up with my stated unit goals and objectives as well as the overall curriculum goals.

UNIT 4: Weather and Climate on Earth

I.  Weather

A.  Heating the Earth



1.  Heat and Energy in the Atmosphere



2.  Heat Transfer in the Atmosphere



3.  The Greenhouse Effect



4.  Measuring Temperature



5.  Temperature Variations



Activities and Labs:

· Have students investigate different types of weather folklore by asking family members and relatives about their ‘old weather sayings’ and by comparing weather folklore from different cultures. Have students come up with experiments that would prove or disprove these sayings.

· Have students perform a simple lab demonstrating convection currents and heat.  This can be done by putting a few drops of food coloring into a small beaker full of water and heating it, then observing the patterns that result.  Relate what is happening in this experiment to what happens in the atmosphere when clouds are formed by convection.

· Have students draw diagrams showing how the Greenhouse Effect warms the earth.  Allow them to speculate on what would happen if certain elements of the process were to increase or decrease.


B.  Air Pressure



1.  Factors Affecting Air Pressure



2.  Measuring Air Pressure



3.  Air Pressure and Weather



Activities and Labs:
· Have students brainstorm ways in which weather affects lifestyle (what people wear, how they interact with others, customs, etc.)
· Have students keep a daily journal of weather observations including temperature, precipitation, humidity, and barometric pressure.  Have them make graphs and find relationships between the type of weather they observed and the barometric pressure.

C.  Winds



1.  Local Winds



2.  Global Winds



3.  Jet Streams



4.  Measuring Wind



Activities and Labs:

· Perform an experiment with students to determine if cold water is denser than hot water.  Have them fill a deep pan most of the way with cold water, then fill a small bottle with warm water containing food coloring.  As the warm, colored water interacts with the cold water, have students record their observations.  Be sure and relate this experiment to the behavior of hot and cold air in the atmosphere.
· Have students perform an experiment to determine the different rates of heating between soil, water and air.  The day before the lab, have them place three cups containing soil, water, and air, with thermometers in each of them, in the refrigerator.  The next day have them keep record the rates of heating of the three cups.  Be sure and relate this experiment to the behavior of air over land and sea.
· Have students construct a simple wind-speed meter out of cardboard, pushpins, and a thin strip of metal, and have them test their apparatus outside on a breezy day.

D.  Moisture in the Air



1.  Relative and Absolute Humidity



2.  Measuring Humidity



3.  Clouds



4.  Precipitation



5.  Measuring Rainfall



Activities and Labs:

· Have students create ‘fog’ in a bottle (or do this as a demonstration) by filling a narrow topped bottle with a small amount of hot water.  Have them put an ice cube on top of the bottle and see what happens.  They can also try this with cold water instead of hot water and attempt to explain the different results.  Explain how this is related to the formation of fog outside in the atmosphere.
· Have students observe the sky for several days and keep a sketch book of their observations.  Also have them predict the next day’s weather based on their cloud observations.
· Have students devise a way to measure rainfall, then introduce how to construct a simple rain gauge.  After building them, put them outside and on the first rainy day have students collect rainfall data and compare their findings with their classmates.
E.  Weather Patterns



1.  Air Masses



2.  Fronts



3.  Storms



Activities and Labs:
· Have students determine whether or not air has mass by weighing a deflated ball and the same ball with air in it.  Ask them to speculate on how this phenomenon might affect weather patterns.
· Have students share personal experiences of how storms have affected their lives at some point, or have them interview older family members to find out about their storm experiences in the past.
· Have students calculate how many lightning strikes hit the United States every year, and what the likelihood of a certain spot being struck by lightning is.
· Have students measure the speed of sound by pairing them up out on the soccer field, 100 meters apart, with stopwatches.  Then have them comment on the accuracy of some common methods of estimating how far away a lightning bolt has struck during a thunderstorm (i.e., ‘one-one-thousand, two-one-thousand, etc.)

F.  Predicting the Weather



1.  Weather Maps



2.  Recording Weather Data



3.  Isotherms and Isobars



4.  Controlling the Weather



Activities and Labs:
· Have students cut out the weather map from the local newspaper for a week and have them write a description of what the weather actually was like on those days, and whether the forecast was accurate.  Also, have students bring in copies of the Farmer’s Almanac and determine how accurate its forecast was for that week.  Then have them compare and contrast the accuracies of the two sources, and speculate on the reasons behind their differences.
· Provide students with a blank map of the U.S. having only scattered high temperatures for various cities, and have them draw isotherms.
· Discuss extreme weather events throughout history, showing slides and photographs of them.
· If computers are available, have students download satellite imagery and discuss how such imagery is obtained.
II.  Climate


A.  The Causes of Climate



1.  Factors that Affect Temperature



2.  Factors that Affect Precipitation



Activities and Labs:
· Have students pretend that they live in one of any cities around the world, and have them write a letter to a pen pal in another country describing the climate of their city throughout the year.

· Have students graph the average monthly precipitation amounts for various locations in Oregon, and have them consider why the eastern part of the state is so much drier than the western part.

· Ask students to find average monthly temperature data for northern Europe, and compare that data with locations at a similar latitude in North America (Canada).  Have them figure out why they are so different.


B.  Climate Zones



1.  Polar Zones



2.  Temperate Zones



3.  Tropical Zones



4.  Marine and Continental Climates



Activities and Labs:

· Have the students locate two locations in their neighborhood that appear to have different microclimates (indicated by different vegetation).  Have them describe the similarities and differences between them, and figure out the factors behind these differences.
· Ask students to design an experiment using only a flashlight, tape, piece of paper, and a wall to illustrate how the angle of the sun affects the intensity of incoming solar energy.  Have them relate the activity to solar energy and climate around the world.
· Point out locations on a globe showing students where climates are similar to that of Oregon, and have them think of factors that make these climate similar.

C.  Climate Change



1.  Ice Ages



2.  Drifting Continents



3.  Dinosaur Extinction



4.  Global Warming



5.  El Nino



Activities and Labs:
· Have students imagine what a severe climate change would mean for the state of Oregon.  What would happen if a huge cloud of dust blocked out the sun for a year?
· Have students research major climate changes over the past several million years and make charts to show how the climate has changed to what it is like today.
· Have students lead a discussion on the effects of El Nino in different countries around the world, including the U.S.
III.  Climate in the United States

A.  Climate Regions of the U.S.



1.  Marine West Coast Climate Regions



2.  Moist Continental Climate Regions



3.  Moist Subtropical Climate Regions



4.  Desert and Steppe Climate Regions



5.  Mediterranean Climate Regions



6.  Highland (variable) Climate Regions



Activities and Labs:

· Have students make a table of the major climate zones in the U.S., and have them list occupations unique to each region.
· If computers are available, have students access climate data from the internet and find examples of two cities in each climate region in the U.S. Then have them explain how these cities fit the description of that particular climate zone.
· Have students speculate on how American society would be affected by a severe drought, a wet period, a very hot summer, and an abnormally cold winter.

B.  Land Biomes of the U.S.



1.  Tundras



2.  Coniferous Forests



3.  Deciduous Forests



4.  Tropical Rain Forests



5.  Grasslands



6.  Deserts



Activities and Labs:
· Have students select a 2-meter square land portion in their neighborhood and visit this ‘microbiome’ once a week for several weeks.  Have them record their observations and changes in a notebook and prepare a report on the relationships between the natural things existing in the microbiome.
· If  computers are available, have students gather yearly precipitation figures for various cities around the country, and have them figure out the average amount of precipitation that falls per day, and per month.  Then have them guess as to what kinds of vegetation they might find in those cities.
· As a demonstration, bring in a cactus plant and cut it open for the students to see.  Then have them speculate on why the inside of the cactus is the way it is.
I believe that the above outline for instructional plans and associated activities does a good job of addressing both the overall goals and the unit goals.  As far as overall goals are concerned, I think the activities are clearly geared towards the development of good problem-solving skills.  In none of them is the student required to simply grind through a set of calculations to arrive at a ‘right’ answer; rather, the student is encouraged to speculate on the nature of the questions at hand and arrive at conclusions on his or her own.  Having activities of this nature also allow the student to develop good scientific inquiry skills.  The overall structure of the unit gives the student a well-rounded and useful knowledge of weather and climate, and will serve as an appropriate base for more advanced study in secondary school and beyond.  Presented in such a way as I have proposed, with the listed activities, it instills into the student a sense of the importance and applicability of the topic to his or her everyday life.

With respect to the unit goals, I think the above presentation is also effective.  It addresses each of the goals listed in section three of this paper in an understandable and straightforward fashion.

V.  Evaluation Plan for the Unit

One of the most important and often lacking items in a school curriculum is an effective and meaningful evaluation strategy.  It is relatively easy to state overall curriculum goals and more specific unit goals, but a good assessment plan to evaluate whether students have met those goals is much more difficult.  Moreover, developing a diverse assessment plan is often very difficult as well.


As stated before, the goals of my curriculum involve students developing good problem-solving skills and inquiry skills.  That being the case, I believe that tests can be given which evaluate the development of such skills, but the overall evaluation process should involve much more than that.  I think it is better to emphasize projects rather than tests.  Projects give the student more of an opportunity to express his or her understanding of the material in a creative and useful way, and to constantly be developing those important skills in a science curriculum while learning the material effectively.


For the above curriculum, I believe the best way to assess students’ progress would be to give them frequent projects to work on, at least one project a week.  Perhaps it would be best for them to always be working on some sort of project, but it is important for these projects to be of a small enough scope that the student can reasonably finish them in a decent amount of time and move on to the next one.


Some good examples of possible projects are (taken from section IV):

· Have students investigate different types of weather folklore by asking family members and relatives about their ‘old weather sayings’ and by comparing weather folklore from different cultures. Have students come up with experiments that would prove or disprove these sayings.

· Have students cut out the weather map from the local newspaper for a week and have them write a description of what the weather actually was like on those days, and whether the forecast was accurate.  Also, have students bring in copies of the Farmer’s Almanac and determine how accurate its forecast was for that week.  Then have them compare and contrast the accuracies of the two sources, and speculate on the reasons behind their differences.

· Have students select a 2-meter square land portion in their neighborhood and visit this ‘microbiome’ once a week for several weeks.  Have them record their observations and changes in a notebook and prepare a report on the relationships between the natural things existing in the microbiome.
All of these activities have to potential to become involved and fun projects that give the student flexibility and creative freedom in the way he or she wishes to complete them.  They all develop scientific inquiry and allow the student to hypothesize, reason, and predict in the process.  

It should be noted that more formal laboratories would be evaluated in the classroom, or in the form of a lab report, and the above projects are meant to be done outside of the classroom.  Laboratory write-ups would be evaluated according to traditional methods (i.e., neatness, procedure, material lists, etc.) but would also allow for students to express their creativity and inquiring nature.  For example, consider the following laboratory activity:

· Have students determine whether or not air has mass by weighing a deflated ball and the same ball with air in it.  Ask them to speculate on how this phenomenon might affect weather patterns.

Besides evaluating such items as an introduction, procedure, results, and so forth, the student would be strongly evaluated on his or hers prediction of the results and possible ways that he or she might modify the lab for more in-depth study.  For instance, in the above lab, a student might conjecture if the results would be the same if he or she used different sized balls made of different materials.  The important thing, I think, is to consider creativity in the evaluation process.


Since tests are of societal and cultural importance, they should be mentioned as a viable means of evaluation in the above curriculum.  Though they should not, in my opinion, be the primary mode of evaluation, they are nevertheless important.  If the teacher is clever, he or she can require a certain amount of inquiry on an exam.  With respect to the weather and climate unit, I might ask on a test the following questions:

· Explain what happens to the average yearly precipitation as you travel across the U.S. from the west coast to the east coast along the line shown on the map (map provided).
· Saskatchewan, Canada, has hot summers, cold winters, and stormy weather in the spring and autumn.  Explain this weather in terms of major air masses and draw these air masses on the following map (map provided).
· Which of the following cities has the highest air pressure? The lowest? Explain your reasoning.
Atlanta, Georgia
elevation: 320 meters

Boise, Idaho

elevation: 825 meters

Denver, Colorado
elevation: 1600 meters

Salt Lake City, Utah
elevation: 1300 meters
Each of these questions avoids having the student simply regurgitate facts and information, requiring them to actually think and formulate an answer.  Such questions on a test are directly in line with the stated overall goals and unit goals of this curriculum.

VI.  Conclusion
I have presented what I believe to be the most appropriate middle school earth science curriculum based on my personal views towards education.  The curriculum outlined here guides the student toward achieving three major goals: developing good problem-solving skills, developing scientific inquiry skills, and developing a well-rounded science literacy.  It also seeks to develop other important characteristics in students, such as good communication skills, good citizenship, a sense of self-reliance, and an appreciation of science as an ongoing and historical human endeavor.  There is no such thing as a ‘perfect’ curriculum, but this version of a middle school earth science program reflects my educational ideals and how I would structure my classroom teaching.

