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Problem Set Answers
Session 1. Earth’s Solid Membrane: Soil
1. Make a two-column chart that lists possible components of soil. Label one column “inorganic”and the other
column “organic.” Make sure to include all the main components of soil. Justify your selections.
Inorganic
Water
Air
Sand and other minerals
Silt
Clay
Nutrients

Organic
Microorganisms
Decaying plant material
Decaying animal material

Water comprises 25% of most soils and air comprises another 25%. Sand, silt, and clay are all products of
weathered rock, and some combination of each is present in most soils. Microorganisms convert the
decaying plant and animal material into organic soil matter called humus. Chemical elements that are
products of weathering within the soil are released into the rainwater and utilized by plants as nutrients.
2. Explain the differences between physical and chemical weathering.
Physical weathering involves the physical breakdown of rock into varying sizes of loose material.
Physical weathering leaves the chemical composition of the rock unchanged, reducing the rock in size
only. There are several processes of physical weathering. Freeze/thaw weathering occurs when the temperature goes through cycles of extreme cold and heat, either daily (like in a desert) or seasonally (like
in New England). Water gets trapped in the cracks of rocks and, upon freezing, can expand and fracture
the rock, causing the crack to enlarge and rock material to break off. Another type of physical weathering
is biological weathering, which occurs when the roots of trees or other plants grow into the cracks in
rocks and slowly enlarge the fractures as they grow. Biological weathering can also be caused by burrowing animals, which transport rock fragments and contribute to the disintegration of rocks, and fungi
and lichens, which are acid-producing microorganisms that live on rocks and dissolve various nutrients
in rock, such as phosphorous. These microorganisms assist in the breakdown and weathering of rock.
Chemical weathering, a change in the chemical composition of rock, occurs as minerals in rocks chemically react with water or other things in the environment. This causes these minerals to undergo chemical changes, or to completely dissolve. Water is an essential agent of chemical weathering and speeds
up the weathering of minerals in rocks. The acids present in rainwater start reacting with rock as soon as
they come into contact with it. There are several types of chemical weathering which include the following processes:
• Hydration simply involves the absorption of water into the existing minerals of the rock, causing the
expansion of the mineral and leading to eventual weakening. It is less severe than hydrolysis, the
most significant chemical weathering process, whereby H+ and OH ions in water react with the
mineral ions.
• Carbonation is a result of the reactions between rainwater and carbon dioxide to produce carbonic
acid, which slowly dissolves any rocks made of calcium carbonate, such as limestone.
• Oxidation occurs upon contact of the rock with oxygen from the air or water. A common effect is
the “rusting” of rocks containing iron. The chemical structure of the rock is altered by oxidation,
making it more susceptible to other forms of weathering.
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3. Write a paragraph explaining why soils are not permanent.
Soils develop from weathered rock material and organic material. Soils form over a variety of time
scales—tens, hundreds, thousands, or tens of thousands of years—depending on the climate in which
they form. The hotter and wetter the climate, the faster the soil will develop. However, in the relative
blink of an eye, soil can be eroded away by water and wind. In many cases, soils are eroded away faster
than they can form. Soils lose their ability to hold water when they are depleted of organic matter. For
example, when soils that are used for agricultural purposes are left dry and unfertilized for long periods,
they become vulnerable to strong winds, which can transport enormous quantities of soil particles for
hundreds and even thousands of miles. Soils can also become damaged through contamination and
pollution. Sometime soils are so badly damaged that they cannot be reclaimed through treatment, and
have to be removed. Soils can also erode by falling victim to landslides or from humans clearing them
away for building and development.

Session 2. Every Rock Tells a Story
1. Explain how a typical sedimentary rock forms in a water environment.
Most sedimentary rocks form at the bottom of rivers, lakes, and oceans. Sediments—small, weathered
pieces of rocks—can be transported by wind, rain, or flowing water before they are deposited in
aqueous environments. Sediments carried by water settle on the riverbed, lakebed, or ocean floor due
to gravity. Deposited sediment gradually accumulates in horizontal layers; eventually the weight of the
overlying sediments compacts the sediments below. This squeezes together the sediment, squeezing
out some of the water between the grains of sediment, and forcing them into a tight formation. The
water that remains in the pore spaces can react with minerals to cement the sediment grains together.
2. Describe how the size and shape of sediment grains affect their transport and sorting.
Smaller, lighter sediments (like clay and fine sand) are generally transported farther distances than large,
dense sediments (like cobbles and boulders). As sediment is carried in water, it is further weathered from
chemical reactions with the water and from abrasion against other sediment and the ground, and it
eventually becomes rounded and smooth.
Sorting describes the range of grain sizes in a collection of sediment. Well-sorted grains of sediment are
uniform in size, and are usually associated with calm and/or deep waters. Rough, turbulent water collects a range in sediment sizes, resulting in a poorly-sorted collection of sediment.
3. What evidence do we have for the movement of tectonic plates? Explain how we know that tectonic plates
move. Research “global positioning system”(GPS) technology: How does it work? What can we learn about
plate tectonics by using GPS technology?
During the 1950s and 60s, scientists began to understand that the Earth’s surface consists of tectonic
plates, and that these tectonic plates move relative to one another. They noticed that continents fit
together like puzzle pieces; that magnetic lineations on the seafloor were symmetric on either side of
spreading ridges; and that hot spot island chains had formed in similar directions on the Pacific plate
and other plates.
By using the global positioning system (GPS), scientists can confirm that tectonic plates move relative to
each other, and can determine how far they move each year.
To date, GPS consists of a network of 24 satellites, each in orbit approximately 20,000 kilometers above
the Earth. These satellites send signals to GPS receivers on Earth that enable both the position of the
satellite and the distance to the satellite to be determined. GPS receivers accurately indicate positions
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on the Earth by measuring the distance to four or more satellites. The satellites broadcast their positions,
and the carrier signal of each satellite is modulated by a certain code. GPS receivers compute the travel
time by synchronizing with that code. When the receiver code and the satellite code are correlated, the
travel time is known. By using the time delays of the signals to calculate the distance to each satellite,
the GPS receiver knows where it is relative to the position of the satellites. By repeatedly measuring distances between specific points on the Earth’s surface, geologists can track one point’s movement on the
Earth relative to another point, allowing them to measure things like plate movement and mountain
uplift.

Session 3. Journey to the Earth’s Interior
1. Consider the following statement: “The rock that makes up the Earth’s mantle flows.” Do you agree or disagree? Explain the reasons for your answer.
The mantle is the thickest layer of the Earth, lying below the crust and above the core. It is composed of
very hot, dense, and slowly moving rock. The rock of the mantle behaves as a flowing solid. Although the
rock of the mantle is solid, the heat and pressure inside of the Earth are great enough to deform the rock.
The mantle flows because of convection currents that are created when hot, buoyant material rises, and
then cools, becomes dense, and sinks again.
2. Identify the type of igneous rock that is most common and explain its origin.
Basalt is the most common type of igneous rock, and the most common type of rock in the Earth’s
oceanic crust. Basaltic magma is commonly formed by the partial melting of the upper mantle. When the
mantle melts, basaltic magma wells up at mid-ocean ridges and builds new ocean floor. Basaltic magma
covers about 2/3 of the Earth’s surface. Basaltic lava also erupts from hotspot volcanoes, shield volcanoes, some stratovolcanoes, and fissure eruptions. Basalt also erupts in continental rift valleys. It makes
up 90% of the bedrock of Iceland because on that island, the mid-Atlantic ridge is at the Earth’s surface.
3. How do we know about the nature of Earth’s exterior (i.e., tectonic plates)? How do we know about the
nature of its interior (i.e., structural layers)?
Observations about how continents fit together, about the magnetic lineations on the seafloor, and
about seafloor spreading in general have given geologists a lot of information about the nature of tectonic plates. Subduction zones, transform faults, spreading ridges, and mountain ranges continually give
us clues about the nature of tectonic plates, and GPS helps us quantify their movement.
We know about the nature of Earth’s interior by studying volcanic eruptions, sections of the deep earth
that have been uplifted, and especially seismic waves. Seismologists have observed that the velocities of
seismic waves change abruptly at certain depths beneath the surface. This allowed them to determine
the dimensions of the Earth’s layers.
Compressional waves (also called primary waves, or P waves) and shear waves (also called secondary
waves, or S waves) move at different speeds through the different layers. The waves’ speeds through the
crust are much slower than through the mantle. This tells geologists that the crust must be made of a
less dense material than the mantle. The study of seismic waves also revealed the nature of the lower
mantle, liquid outer core (through which S waves don’t travel), and solid, extremely dense inner core.
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Session 4. The Engine that Drives the Earth
1. The oldest oceanic crust is about 200 million years old. The average age of continental crust is about
2 billion years old. Why is this? What does this tell us about the differences between plates topped by continental crust and plates topped by oceanic crust? How do the two types of plates interact?
Oceanic crust is usually much younger than continental crust. This is because oceanic crust is continuously generated at spreading ridges and recycled at subduction zones. At many plate margins, oceanic
crust is subducted under continental crust (or other oceanic crust). Continental crust is usually not recycled because it is less dense and more buoyant than either oceanic crust or the mantle. As a result, it
resists subduction. During continent-ocean as well as continent-continent collisions, buoyant melts are
generated and felsic rocks are created, thickening the continental plates and ensuring their survival for
longer than most oceanic plates.
2. Early in the video for Session 4, two types of volcanoes are compared. Scientists actually recognize several
kinds of volcanoes. Research the different types of volcanoes and create a chart that outlines their general
characteristics and differences.
Cinder Cones
Steep slopes

Shield
Shallow slopes

Stratovolcanoes
Steep slopes

Volcanic Domes
Steep, rounded
mounds

Eruptions with high
gas content and low
silica content

Eruptions with low gas
content and low silica
content

Eruptions with high
gas content and high
silica content

Eruptions with low gas
content and high silica
content

Composed of fragmented lava called cinders and bombs

Composed of highly
fluid lava flows

Composed of alternating layers of lava,
volcanic ash, and cinders and bombs

Composed of one or
more lava flows

Commonly found on
the flanks of stratovolcanoes, and some
shield volcanoes

Found at hotspots and
some volcanic arcs

Commonly found
along subductionrelated volcanic arcs

Commonly occur
within the craters of
stratovolcanoes

3. In the video, Dr. Dave Sherrod suggests that Earth’s internal heat contributes to plate movement by generating convection currents. A convection current can be described as a current of hot, buoyant material that
rises up through the mantle, cools, becomes dense and sinks back down. Other scientists suggest a more
physical “push-pull” tectonic plate model, where subducting slabs pull plates down and spreading ridges
push plates apart in a manner analogous to a conveyor belt. Could both of these ideas be accurate? Explain
your answer.
The most basic reason behind plate movement is the high temperature inside of the Earth. It was first
thought that convection currents in the mantle were the main cause of plate movement. Variations in
the density of rock in the mantle produces convection currents. In these currents, cooler, more dense
rock material moves downward and warmer, less dense rock material moves upward. This continuous
cycle is called a convection cell. Convection cells occur when material is heated from below and cooled
from above, like soup heated on a stove.
There are, however, other important forces at work that cause plate movement. At divergent plate
boundaries (called spreading ridges), two oceanic plates move apart. As they move apart, molten mantle
material rises to the surface and cools, to form new oceanic crust. The elevation of the surface of the
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oceanic crust is higher at the ridge than at the adjacent sea floor because the rock material under the
ridge is hot asthenospheric material, and erupted lavas can pile up at the ridge. As the surface of the sea
floor slopes away from the ridge, gravity causes the elevated lithosphere to push against the rest of the
seafloor, which spreads the plates apart. This is called the ridge-push force.
Although ridge-push may play a role in plate spreading, scientists think a more important force is at
work driving plate tectonics at subduction zones. When a plate subducts and sinks into the mantle, the
force of that dense plate being pulled deeper and deeper into the earth’s interior is very strong, and pulls
the rest of the plate behind it. This force is called slab-pull.
The forces of slab-pull and ridge-push set up is essentially a conveyor belt in which rock is created at
spreading ridges, towed across the sea floor, and subducted back into the Earth at convergent
boundaries.
Convection currents work in conjunction with the forces of slab-pull and ridge-push to move tectonic
plates. The convection currents move heat from the Earth’s interior to the upper mantle, where it promotes melting and magma generation at spreading ridges and other volcanic centers.

Session 5. When Continents Collide
1. Is it possible for more than one type of mountain-building event to occur at a single convergent plate
boundary? For this session, you created two models. One portrayed a collision between a plate carrying
oceanic crust and a plate carrying continental crust, and the other portrayed a collision between two plates
carrying continental crust. Use what you understand about plate tectonics to construct a scenario where
one collision is followed by the other. What are the possibilities that this has happened during Earth’s history? What geological evidence would you look for?
Consider the following scenario. Two plates share a convergent boundary. One is a plate with only continental crust. The other plate has a leading edge of oceanic crust, but farther away carries continental
crust. The oceanic crust is subducted under the continental crust at the convergent boundary. When the
oceanic plate subducts under the continental plate, it brings water with it, which can induce melting in
the mantle. This resulting magma rises and can lead to volcanism inland from the convergent boundary.
The plate continues to subduct. Eventually the buoyant continental lithosphere carried by this plate will
come to the convergent boundary. This continent usually cannot be subducted. The two continents collide. Although some material during the collision is pushed down into the mantle, neither continent is
subducted because continental rock is not very dense, and therefore resists sinking. Instead, the rocks
rise up, folding and thrusting into mountains.
A good example of this sequence of events is found in the history of the Himalayas, where an oceanic
plate was subducted beneath Eurasia until the Indian continent arrived at the convergent margin and
began the mountain building that continues today.
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2. One of the rocks that Dr. Klepeis investigated at Clay Point in Vermont was a metamorphic rock. Make a
chart comparing the characteristics of sedimentary, igneous, and metamorphic rocks and the processes
that form them. Be sure to bring this chart to the next session.
Sedimentary Rocks
Form from mineral and rock
fragments (and sometimes
organic material) that is eroded
then re-deposited

Igneous Rocks
Form from the crystallization of
magma

Metamorphic Rocks
Form when any type of rock
(sedimentary, igneous or
another metamorphic rock)
physically or chemically
changes while subjected to
high temperatures and/or pressures, or by reaction with chemical solutions

Form at the Earth’s surface

Form at the surface (volcanic/
extrusive) or inside the Earth
(plutonic/intrusive)

Form inside or near the surface
of the Earth

During formation, clastic and
organic sedimentary rocks
remain solid, and chemical sedimentary rocks precipitate
out of solution as a solid

During formation, begin as
magma and solidify as they cool

Usually remain solid throughout
the processes of formation

3. At this point in the course, we have discussed the three main types of rocks found on Earth. Over immense
time scales, rock can change from one type to another. The “engine” of plate tectonics can be envisioned as
a giant conveyor belt that recycles Earth’s materials as the matter that makes up rocks is redistributed and
transformed from one rock type to another. The relationship between igneous, sedimentary, and metamorphic rocks is known as the rock cycle. Using only course materials, make a diagram that represents how
you think this cycle works. After creating your diagram, consult another resource (e.g., your college-level
textbook or the Web) and study how the rock cycle is depicted. Create a second diagram that integrates any
new information from the resource that you used. Write a few sentences explaining the processes represented in your final diagram.
Magma solidifies either at the Earth’s surface or inside of the Earth to form igneous rock. The exposure
of igneous rocks to weathering and erosion on the surface breaks them down into small grains called
sediments. The grains of sediment are transported by wind, water, and ice and are eventually redeposited in horizontal layers before being compacted and cemented to form sedimentary rocks.
Subjecting those rocks to high temperature, pressure, and/or changing their chemical constituents can
cause changes in igneous and sedimentary rocks to form metamorphic rocks. When exposed to higher
temperatures, any rock type may be melted, resulting in the creation, once again, of igneous rocks and
starting the cycle all over again.
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Session 6. Restless Landscapes
1. Describe several natural agents responsible for sculpting the Earth’s surface, and give examples of how
each affects the land.
Running water is the main agent of erosion on the Earth’s surface. Running water cuts channels into the
Earth’s surface and can remove loose fragments of sediment. Water can also break chunks of rock free
from a stream or river floor or bank and transport them. Sometimes water can push open and enlarge
cracks in surface rock. Sand-laden rivers and streams grind away (or abrade) rock in the water channels.
Water can also dissolve soluble minerals and create sinkholes and caves. Coastal erosion caused by
ocean waves can transport large quantities of sand and abrade rock cliffs, while flooding rivers can strip
land of soils and loose rocks.
Erosion by wind is called eolian erosion, and occurs mostly in deserts. Winds carrying sand can abrade
rock, sculpting landforms such as arches. Sand dunes are also formed by wind.
Glaciers also cause significant erosion. Glaciers can pick up rocks, trees, and other materials of all sizes as
the ice carves the land. Glaciers that travel through valley walls make the valleys wider and deeper.
Glaciers leave grooves, gouges, and scratches on the landscape called glacial striations, and when they
recede they deposit enormous amounts of sediment in moraines, eskers, and outwash streams.
2. Describe the different types of glaciers. In what ways are glaciers like streams? In what ways are they
different?
There are two main types of glaciers: valley glaciers and continental glaciers. Valley glaciers are found in
high mountain valleys, and move like slow, frozen rivers in that they carry sediment along valleys and redeposit it elsewhere. While rivers are fast-moving and full of living things, valley glaciers move very
slowly, are fed from high points of snowfall, and do not usually support much life.
Ice sheets, ice caps, and ice fields are types of continental glaciers. Each type is extremely broad, and
spreads laterally over enormous expanses of land, unlike valley glaciers, which are usually confined to
mountain valleys.
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Session 7. Our Nearest Neighbor: The Moon
1. What evidence suggests that the Moon formed with a molten surface?
The material that forms the white, light-colored highlands of the Moon is made of a type of rock called
anorthosite. Anorthosite is an igneous rock that is formed from magma. While rare on the Earth, this type
of rock is widespread on the Moon, which means that the entire surface of the Moon must have once
been magma. As the magma “ocean” cooled off, anorthosite accumulated at the surface and solidified.
John Wood theorized this explanation in 1970.
The magma ocean is predicted by the giant impact hypothesis for the creation of the Moon. The energy
released in the impact that created the Moon along with the heat created from the continual bombardment of the young Moon were enough to keep its surface in molten form. Neither the co-formation
hypothesis nor the capture model predicts that the surface of the Moon should have once been molten.
2. What can the cratering on the Moon tell us about the Earth and events in Earth’s early history?
The cratering on the Moon is relevant to Earth’s early history because the Moon is nearly the same age
as the Earth, and has existed alongside Earth since its creation. Because of this, it is safe to assume that
the same types of objects that impacted the Moon also impacted Earth, and with about the same frequency. Evidence of the Earth’s early history has been lost to erosion and tectonic plate movement, but
the Moon’s surface has not been affected by either process, and is therefore a window to our past.
The size of a crater is determined by the sizes of the objects colliding with the Moon. By counting the
number of small craters inside the largest impact basins, it is possible to determine the rate at which
impacts of differing sizes occurred. From studies of the Moon, we can tell that Earth must have passed
through a period of intense bombardment followed by a slowing rate of meteorite impacts.
3. How does the Earth’s Moon compare with other moons in the Solar System? Research this beyond the
information provided in this session’s video. Create at least four statements of generalization that
describe the nature of the moons in our Solar System, particularly in comparison to our Moon.
Earth’s Moon is much more massive than most of the moons in the Solar System. Only the moons Io,
Ganymede, and Callisto of Jupiter and Titan of Saturn are larger. The Moon is more massive than the
planet Pluto.
The Moon is much bigger relative to the Earth than most other satellites are relative to their host planets.
The Moon is just over 1% of the Earth’s mass whereas Jupiter’s largest moon, Ganymede, is less than
0.01% of Jupiter’s mass, and the mass of Mars’ moon, Phobos, is 0.000001% the mass of Mars. The only
planet-moon system where the moon is closer in mass to its planet than the Moon is to the Earth is that
of Pluto and Charon. Charon is 14% as massive as Pluto.
Earth’s Moon, like most other moons in the solar system, has no atmosphere. Saturn’s moon Titan has an
atmosphere thicker than Earth’s, and the largest moons orbiting the gas giants also have atmospheres,
but they are very thin. The smaller moons all lack an atmosphere.
Earth’s Moon orbits in the same direction that the Earth rotates (a prograde orbit). This is true for most
of the moons in the solar system, including the moons of Mars and largest moons of Jupiter and Saturn.
There are, however, moons with retrograde orbits, including Triton, a moon of Neptune. Saturn’s moon
Phoebe also orbits in a retrograde direction, as do many of the minor moons of Jupiter. Scientists believe
that moons with retrograde orbits were captured by their host planets.
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The Action Research Process
Identify your starting point for research

Refine your thinking

Formulate a research question

Develop and implement strategies for action

Collect and analyze data

Reflect on action

Generate practical knowledge
One of the primary reasons for doing action research is to generate knowledge that can inform classroom practice. Your research for the Earth and Space Science course should focus on some aspect of science teaching and
learning in your classroom. Issues involving content, pedagogy, assessment, management, or using children’s
ideas are all possibilities for productive research. The following is an outline of stages of action research tailored
for a 15-week graduate-level course. Refer to the list of readings related to action research that follows for more
information.

Weeks 1–3: Identify Your Starting Point
Begin your action research by reflecting on your current practice and identifying an area of special interest to you.
Ask yourself these questions to organize your thinking:
• What science content presents problems for my students?
• Which pedagogical approaches help or hinder me in addressing children’s science ideas?
• How do I use assessment to guide my science teaching?
• Which educational situations make teaching science content difficult for me?
• What strengths related to addressing children’s ideas would I like to develop?
Gather preliminary data through classroom observations and note taking. Your notes should include detailed
descriptions and interpretations, explanatory comments, summaries of conversations, hunches, and insights.
Reflect on your role within your area of interest to help you think about alternative courses of action.
Think about your current situation and one that would represent improvement. This can help you understand the
sources of problems that your action research will address.
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Weeks 4–5: Refine Your Thinking
Phrase a preliminary research question that has emerged from a review of your notes. Think about what possible
action you could take to better understand this question as well as aspects of your classroom practice you could
change to better address issues raised by your question. Collect additional information and reflect on how this
knowledge will impact your research question. Revisit and adjust the research question you phrased earlier to
reflect any changes in thinking.

Week 6: Formulate a Research Question
Reconstruct your research question into a question with two variables in mind—a strategy and an outcome—to
help you be more specific about your research and to make it more focused and manageable.

Week 7: Develop Strategies for Action
Identify several possible strategies for action ranging from radical changes in pedagogy to slight behavior modifications. Determine what kinds of data to collect that are appropriate to your question.

Week 8: Implement Strategies for Action and Begin Collecting Data
Begin to implement your chosen strategy and collect the appropriate data.

Weeks 9–12: Refine Action, Continue Data Collection, and Begin Data Analysis
Begin to interpret and draw conclusions from your data about the success of your strategy for action. Writing data
summaries after reviewing sections of your data is an effective method for organizing and informing your analysis.
Check the validity of your perceptions of your progress by establishing a consensus view of the results. You might
interview students, ask a neutral party to observe your class, or choose a colleague to be a “critical friend.”
Consider the reliability of the data you are collecting. If you come across data that substantiates an important
finding for your research, search the rest of the data for conflicting evidence that could refute the finding. It is
important that you are open to data that both questions and supports your hypothesis.
Begin a theoretical analysis to take your data analysis to another level. After reviewing a section of your data, try
writing a summary in which you identify and interpret themes, contradictions, relationships, and different perspectives that are represented in the data. Developing these ideas can lead to establishing practical theories
about teaching.

Week 13: Conclude Strategy Implementation and Continue Data Analysis
Draw the implementation of your chosen strategy to a close. Begin to organize information about your methods of
data collection and analysis and bring your interpretations of the meaning of your data to some kind of conclusion.

Week 14: Generate Practical Knowledge
Draw conclusions from the activity of your research. Begin to work on organizing a research report that should
minimally include an introduction that explains the context of the research and the research question, a description of methods of data collection and data analysis, results of the data analysis, conclusions you have drawn from
the study, and the implications of your findings for your teaching.

Week 15: Generate Practical Knowledge
Complete the research report.
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Readings on Action Research
The following resources will provide you with additional guidance to conduct your action research project:
Altrichter, H., Posh, P., and Somekh, B. (1993). Teachers Investigate Their Work: An Introduction to Methods of
Action Research. NY: Routledge.
Hubbard, R. and Power, B. (1993). The Art of Classroom Inquiry. Portsmouth, NH: Heinemann.
If neither of those resources is available, choose any of the following readings:
Bogdan, R. and Biklen, S. (1998). Qualitative Research in Education. An Introduction to Theory and Methods. Third
Edition. Needham Heights, MA: Allyn & Bacon.
Burgess, R.G. (1981). “Keeping a Research Diary.” Cambridge Journal of Education, 11, 1, 75-83.
Denzin, N. and Lincoln, Y. (Eds.). Handbook of Qualitative Research. Thousand Oaks, CA: Sage Publications.
Duckworth, E. (1986). “Teaching As Research.” Harvard Educational Review, 56, 481-495.
Jenkins, D. (2003). “Action Research With Impact.” EncFocus, 10(1), 35 - 37.
Kemmis, S. and McTaggart, R. (Eds.). (1988). The Action Research Planner. B.C. Canada: Deakin University Press.
LeCompte, D. (2000). “Analyzing Qualitative Data.” Theory Into Practice; 39(3), 146 - 154.
McNiff, J. (2003). “Action Research in the Classroom: Notes for a Seminar.” Available at
http://www.leeds.ac.uk.educol/documents/00002397.htm.
Oberg, A. (1990). “Methods and Meanings in Action Research: The Action Research Journal.” Theory Into
Practice, 29(3), 214 - 221.
Schon, D. (1983). The Reflective Practitioner: How Professionals Think in Action. New York: Basic Books.
Scott, P. and Driver, R. (1998). “Learning About Science Teaching: Perspectives From an Action Research
Project.” In Fraser, B.J. and Tobin, K.G. (Eds.) International Handbook of Science Education. London: Kluwer
Academic.
Simpson, M. and Tuson, J. (1995). “Using Observations in Small-Scale Research: A Beginner’s Guide.” Eric Clearinghouse Document ED394991.
Spiegel, S., Collins, A., and Lappert, J. (Eds.). (1995). “Action Research: Perspectives From Teachers’ Classrooms.”
Tallahassee, FL: SERVE Eisenhower Consortium for Mathematics and Science Education.
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Dove, J. (1998). Students' alternative conceptions in Earth science: A review of research and implications for
teaching and learning. Research Papers in Education, 13 (2), 183-201.
Gobert, J. (2000). A typology of models for plate tectonics: Inferential power and barriers to understanding.
International Journal of Science Education, 22(9), 937-977.
Happs, J. (1982). Mountains. Science Education Research Unit Paper 202. Hamilton: University of Waikato, New
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Happs, J. (1982). Glaciers. Science Education Research Unit Paper 203. Hamilton: University of Waikato, New
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Lillo, J. (1994). An analysis of annotated drawings of the internal structure of the earth made by students aged
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