EARTH AND SPACE SCIENCE

CURRICULUM OBJECTIVES AND SYLLABUS
(Suggested preliminary version; will be reviewed and revised; 22 June 2006)

Curriculum Objectives

(a)  General requirements. Students will earn one credit for successful completion of this course. Prerequisite: three units of high school science. This is a senior science capstone course recommended for students in Grade 12. 

(b)  Introduction. 

(1)  In Earth and Space Science, students conduct computer, Internet, laboratory, and field investigations, use scientific methods during investigations, and make informed decisions using critical thinking and scientific problem solving to discover reliable knowledge about nature. Students study the following scientific topics: structure, origin, and evolution of planets, stars, galaxies, and the universe; characteristics and life cycle of stars; the origin and characteristics of the Sun and Solar System; formation and characteristics of the planets, asteroids, comets, and meteoroids; the orbit and orientation of the Earth and the explanation of tides, seasons, and climate cycles; formation and history of the Earth; plate tectonics; origin and composition of minerals and rocks; the rock, weathering, erosion, and sedimentary cycle; natural mineral, rock, soil, and energy resources; geological hazards of flooding, earthquakes, volcanoes, and tsunamis; Earth cycles of carbon, oxygen, and energy; characteristics of oceans, seawater, currents, waves, coastal areas, and ocean basins; characteristics of the atmosphere, air masses, fronts, and storms; the role of energy in weather and climate; the natural and anthropogenic causes of global warming and other climate cycles.
(2)  Science is a way of understanding the natural world. Students should know how science has discovered and organized a vast body of reliable knowledge, how this knowledge is described and explained by mathematical, physical, and conceptual models, how this knowledge is tested by scientific methods and either corroborated or falsified, and how this scientific knowledge is sometimes tentative, incomplete, and may not answer all questions people have about nature. Scientific knowledge is corroborated by testing; testing is accomplished by repeated observations, experimentation, and constructing models.
(3)  A system is a collection of structures, processes, and cycles that interact with buffering and feedback loops. Systems can be modeled and thus quantitatively described, understood, and explained. Students should understand a system in terms of its components and processes, and how these attributes relate to each other. All systems have basic properties that can be described in terms of space, time, energy, and matter. Change and constancy occur in systems and can be observed and measured as patterns. These patterns can change with time and help to predict what will happen next. Natural systems can be modeled using computers, and this is a very powerful technique for evaluating, understanding, and corroborating scientific knowledge.
(4)  Investigations are used to learn about the natural world. Students should understand which types of questions can be answered by scientific investigation and which cannot, and that methods, models, and conclusions built from these investigations may change as new observations are made. Models of objects and events are tools for understanding the natural world and can show how systems work. They have limitations and are constantly being modified to more closely reflect the natural world as new discoveries and insights are made.
(5) Scientific investigation and analysis depends on a numerical or quantitative understanding of natural processes and events, so students will use the mathematical skills they have learned in previous mathematics and science courses to study and solve problems in earth and space science. Every topic investigated in this course will require that students complete exercises that use one or more of the following quantitative skills: algebra, geometry, trigonometry, simple statistics, graphing, computer modeling, and image analysis using computer programs. 

(6) Students will make use of their knowledge of biology to understand the fossil record not as inanimate objects, but as the remains of once-living organisms that existed in specific habitats and ecosystems, changed through time by evolutionary processes, and responded to changing climate by migration, physical change, and extinction. Students will make use of their knowledge of chemistry by investigating the Earth's chemical systems (carbon cycle, nitrogen cycle, oxygen cycle, energy cycle, water cycle, etc.) within a simple but quantitative framework and models. Students will make use of their knowledge of physics by studying the Earth's geophysical processes (earthquakes, seismic activity, plate tectonics, etc.) using their mathematical skills to calculate and predict Earth changes.
(7) Space science topics will be studied using modern computer, satellite, and imaging technologies. This will include telescopic investigations at all electromagnetic wavelengths (light, radio, infrared, microwave, etc.), computer models and statistical analysis of complex data, and insight into the modern theory of the origin and evolution of the universe, galaxies, stars, and planets.

(c) Goals

(1) Design the new Earth and Space Science (ESS) course so that its emphasis will be on teaching and reinforcing problem solving (PS) skills using exercises and labs that require Quantitative Learning (QL), NOT on teaching and learning only ESS content. This goal changes the pedagogical style from a traditional ES course to a modern ESS course that promotes PS abilities of students, better preparing them for a successful economic future.

(2) Design EVERY class exercise or lab activity to require one or more QL skills, such as reading data from a table, graphing data, using algebra, trigonometry, reading maps of different scales, using a computer to access quantitative data, accessing satellite or planetary images on the Web, coordinate graphing, statistical applications, graphical function fitting, diagrammatic modeling, descriptive modeling, predictive modeling, functional/quantitative modeling, etc.

(3) Design EVERY class exercise or lab activity to emphasize or require PS methods that reinforce QL skills. That is, each exercise or lab will involve a PROBLEM that requires that students do more than just collect data and use it to reach an answer. Instead, there should be a problem for which the procedure to find a solution is not readily apparent, so students should be challenged to recognize a problem and decide how to solve it.

(4) The first lectures, class exercises, and lab activities must be to teach PS methods, skills, and strategies within an ESS context. Then, more ESS content can be incorporated into future exercises and labs. PS methods will follow the Polya/Schoenberg sequence.

(5) Course will emphasize quantitative learning and problem solving skills that reinforce previously-learned mathematical and scientific knowledge from earlier courses.

(6) Have students work in cooperative study groups (2-4 students) that mimic how the real business and scientific world works to solve problems. Once again, all classroom exercises and labs should be designed to follow this method.

(7) Have students draw quantitative diagrams initially before attempting to solve multi-step or complex problems in classroom exercises, labs, and homework assignments. This is an early visualization step in the PS sequence.

(8) Include a variety of classroom exercises and labs that enable students with different learning styles to be successful.

(9) Emphasize systems and modeling in the course; present the following cycles as diagrammatic, descriptive, functional, and/or quantitative cycles: water, rock, carbon, nitrogen, and energy cycles.

(10) Practice the “less is more” philosophy of teaching science: not a course of content a mile wide and an inch deep, but a course that focuses on a few specific ESS topics and investigates them in depth using PS and QL.
(d)  Knowledge and skills. 

(I) General scientific methods and processes.

(1) The student, for at least 40% of instructional time, conducts field and laboratory investigations using safe, environmentally appropriate, and ethical practices. The student is expected to: 

(A)  demonstrate safe practices during field and laboratory investigations; and 

(B)  make wise choices in the use and conservation of resources and the disposal or recycling of materials. 

(2) The student uses scientific methods during field and laboratory investigations. The student is expected to: 

(A)  plan and implement investigative procedures including asking questions, formulating testable hypotheses, and selecting equipment and technology; 

(B)  collect data and make measurements with precision; 

(C)  organize, analyze, evaluate, make inferences, and predict trends from data; and 

(D)  communicate valid conclusions. 

(3) The student uses critical thinking and scientific problem solving skills to make informed decisions. The student is expected to: 

(A)  analyze, review, and critique scientific explanations, including hypotheses and theories, as to their strengths and weaknesses using scientific evidence and information; 

(B)  draw inferences based on data related to promotional materials for products and services; 

(C)  evaluate the impact of research on scientific thought, society, and the environment; 

(D)  describe the connection between astronomy, geology, meteorology, oceanography, and future careers; and

(E)  research and describe the history of astronomy, geology, meteorology, oceanography, and contributions of scientists. 
(II) Space science knowledge and concepts.

(1)  The student knows scientific information about the universe. The student is expected to: 

(A)  observe and record data about lunar phases and uses that information to model the earth, moon, and sun system; and 

(B)  describe characteristics of galaxies. 

(2) The student knows the scientific theories of the evolution of the universe. The student is expected to: 

(A)  research and analyze scientific empirical data on the estimated age of the universe; 

(B)  research and describe the historical development of the Big Bang Theory; and 

(C)  interpret data concerning the formation of galaxies and our solar system. 

(3)  The student knows the characteristics and the life cycle of stars. The student is expected to: 

(A)  describe nuclear reactions in stars; 

(B)  identify the characteristics of stars such as temperature, age, relative size, composition, and radial velocity using spectral analysis; and 

(C)  identify the stages in the life cycle of stars by examining the Hertzsprung-Russell diagram. 

(4)  The student knows how mathematical models, computer simulations, and exploration can be used to study the universe. The student is expected to: 

(A)  demonstrate the use of units of measurement in astronomy such as light year and Astronomical Units; 

(B)  research and describe the historical development of the laws of universal gravitation and planetary motion and the theory of special relativity; 

(C)  analyze a model that simulates planetary motion and universal gravitation; 
(D)  analyze the impact of the space program on the collection of data about the Earth and the universe. 

(5)  The student knows the role of the Sun in our solar system. The student is expected to: 

(A)  identify the approximate mass, size, motion, temperature, structure, and composition of the Sun; 

(B)  identify the source of energy within the Sun and explain that the Sun is the major source of energy for the Earth; and 

(C)  describe the Sun's effects on the Earth. 

(6)  The student knows that planets of different size, composition, and surface features orbit around the Sun. The student is expected to: 

(A)  observe the night-time sky to determine movement of the planets relative to stars; 

(B)  compare the planets in terms of orbit, size, composition, rotation, atmosphere, moons, and geologic activity; 

(C)  identify objects, other than planets, that orbit the Sun;
(D)  relate the role of gravitation to the motion of the planets around the Sun and to the motion of moons and satellites around the planets, and
(E) explain the characteristics and significance of the recent discovery of extra-solar planets.

(7)  The student knows how life on Earth is affected by its unique placement and orientation in our solar system. The student is expected to: 

(A)  compare the factors essential to life on Earth such as temperature, water, mass, and gases to conditions on other planets; 

(B)  determine the effects of the Earth's rotation, revolution, and tilt on its environment; and 

(C)  identify the effects of the moon on tides. 

(III)  Earth science knowledge and concepts.

(1) The student knows the Earth's unique characteristics and conditions. The student is expected to: 

(A)  research and describe the Earth's unique placement in the solar system; and 

(B)  analyze conditions on Earth that enable organisms to survive. 

(2)  The student knows about the formation and history of the Earth. The student is expected to: 

(A)  research and describe the historical development of scientific theories of the Earth's formation, ancient age, and former ages and eons; and 

(B)  use current understanding of both relative and radiometric dating to design and construct a geologic time scale. 

(3)  The student knows the processes of plate tectonics. The student is expected to: 

(A)  research and describe the historical development of the theories of plate tectonics including continental drift and sea-floor spreading; 

(B)  analyze the processes that power the movement of the Earth's continental and oceanic plates and identify the effects of this movement including faulting, folding, earthquakes, and volcanic activity; and 

(C)  analyze methods of tracking continental and oceanic plate movement. 

(4)  The student knows the origin and composition of minerals and rocks and the significance of the rock cycle. The student is expected to: 

(A)  demonstrate the density, hardness, streak, and cleavage of particular minerals; 

(B)  identify common minerals and describe their economic significance; 

(C)  classify rocks according to how they are formed during a rock cycle; and 

(D)  examine and describe conditions such as depth of formation, rate of cooling, and mineral composition that are factors in the formation of rock types. 

(5)  The student knows the processes and end products of weathering. The student is expected to: 

(A)  distinguish chemical from mechanical weathering and identify the role of weathering agents such as wind, water, and gravity; 

(B)  identify geologic formations that result from differing weathering processes; and 

(C)  illustrate the role of weathering in soil formation. 

(6)  The student knows the role of natural energy resources. The student is expected to: 

(A)  research and describe the origin of fossil fuels such as coal, oil, and natural gas; 

(B)  analyze issues regarding the use of fossil fuels and other renewable, non-renewable, and alternative energy resources; and 

(C)  analyze the significance and economic impact of the use of fossil fuels and alternative energy resources. 

(7)  The student knows the interactions that occur in a watershed. The student is expected to: 

(A)  identify the characteristics of a local watershed such as average annual rainfall, run-off patterns, aquifers, locations of river basins, and surface water reservoirs; 

(B)  analyze the impact of floods, droughts, irrigation, and industrialization on a watershed; and 

(C)  describe the importance and sources of surface and subsurface water. 

(8)  The student knows the characteristics and significance of the fossil record. The student is expected to:

(A) describe the occurrence of different fossils in sedimentary rocks at different times in Earth history and the significance of this fossil record;

(B) identify some of the more important fossils, such as the extinct trilobites and dinosaurs, and several sequences of transitional fossils that illustrate evolutionary change through time; and
(C) describe how some fossils are used to help determine the age of rocks, ancient climates, and ancient Earth environments.
(IV) Ocean science knowledge and concepts.
(1)  The student knows the physical characteristics of oceans and ocean water. The student is expected to: 

(A) identify physical characteristics of ocean water, including salinity, solubility, heat capacity, colligative properties, and density; and
(B) describe the characteristics and evaluate the effects of waves, surface currents, thermohaline currents, wave-generated currents, tides, tidal bores, and tsunamis.
(2) The student knows the geological characteristics of oceans. The student is expected to:

(A) compare the topography, structure, and geology of the ocean floor to that of the continents and explain their significant differences; and

(B) explain the significance of volcanic island arcs, oceanic ridges, continental margins, mid-ocean hot spots, volcanic sea-mounts, and submarine earthquakes.
(V) Atmosphere science knowledge and concepts.
(1)  The student knows the characteristics of the atmosphere. The student is expected to: 

(A)  identify the atmosphere as a mixture of gases, water vapor, and particulate matter; 

(B)  analyze the range of atmospheric conditions that organisms will tolerate including types of gases, temperature, particulate matter, and moisture; and 

(C)  determine the impact on the atmosphere of natural events and human activity. 

(2)  The student knows the role of energy in governing weather and climate. The student is expected to: 

(A)  describe the transfer of heat energy at the boundaries between the atmosphere, land masses, and oceans resulting in layers of different temperatures and densities in both the ocean and atmosphere;

(B)  identify, describe, and compare climatic zones; and 

(C)  describe the effects of phenomena such as El Niño and the Jet Stream on local weather.
(3)  The student knows the characteristics of the weather and storms. The student is expected to:

(A) describe air masses, cold and warm fronts, pressure differences, winds, air temperature, dew point, and other weather terms and characteristics; and

(A) describe the features of hurricanes, tornados, hail storms, dust storms, rain storms, and other storms, and explain the significance of these for people living in storm-prone regions of the United States.

Syllabus

I. First semester

A. First six weeks

1. The scientific method, lab practices, Internet use, virtual laboratories
2. Origin of the universe, Big Bang theory, origin of matter and energy

3. Age of the universe, characteristics and origin of galaxies, expanding universe
4. Star formation, stellar evolution, the H-R diagram
5. The Sun, origin of the solar system, origin of planets, nebular theory
6. Protoplanets, planetesimals, asteroids, comets, meteoroids, extra-solar planets
B. Second six weeks

7. Telescopes, other astronomical instruments
8. Double stars, variable stars, calculating distances
9. Giant meteorite impacts, craters, tektites, mass extinctions
10. Earth orientation to Sun and Moon; seasons, tides, climate cycles

11. Astrobiology, possibility of extra-terrestrial life, conditions for life
12. Other topics
C. Third six weeks

13. Structure of the Earth

14. Rocks and minerals

15. Volcanoes, magma

16. Plate tectonics, sea-floor spreading, continental drift, subduction
17. Seismic activity, earthquakes
18. Other topics, exams
II. Second semester

A. First six weeks

1. Weathering, erosion, transportation, sedimentation
2. Geologic time, fossils, fossil record
3. Natural resources, fossil fuels, petroleum, coal
4. Continental margins, coastal processes
5. Streams, stream flooding
6. Aquifers, fresh water, contamination, water pollution
B. Second six weeks

7. Ocean water, physics and chemistry of sea water
8. Tides, surface currents, thermohaline currents
9. Waves, tsunamis, wave-generated currents
10. Marine geology, volcanic island arcs, oceanic ridges
11. Subduction, sea-floor spreading, ocean cycles
12. Reefs, ocean pollution, ocean influence on climate
C. Third six weeks

13. Atmosphere, gases, energy transfer
14. Air masses, cold and warm fronts, atmospheric pressure, winds
15. Storms: hurricanes, tornados, hail
16. Weather and climate, climate changes
17. Air pollution, global warming
18. Exams
