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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 Organic

Water Microorganisms

Air Decaying plant material
Sand and other minerals Decaying animal material
Silt

Clay

Nutrients

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 tem-
perature 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 bur-
rowing 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 chemi-
cally react with water or other things in the environment. This causes these minerals to undergo chem-
ical 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 fol-
lowing 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 col-
lects 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 dis-
tances 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 dis-
agree? 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 volca-
noes, 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 tec-
tonic 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 con-
tinental 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 continu-
ously 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 recy-
cled 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

Eruptions with high
gas content and low
silica content

Composed of frag-
mented lava called cin-
ders and bombs

Commonly found on
the flanks of stratovol-
canoes, and some
shield volcanoes

Shield
Shallow slopes

Eruptions with low gas
content and low silica
content

Composed of highly
fluid lava flows

Found at hotspots and
some volcanic arcs

Stratovolcanoes
Steep slopes

Eruptions with high
gas content and high
silica content

Composed of alter-
nating layers of lava,
volcanic ash, and cin-
ders and bombs

Commonly found
along subduction-
related volcanic arcs

Volcanic Domes
Steep, rounded
mounds

Eruptions with low gas
content and high silica
content

Composed of one or
more lava flows

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 gener-
ating 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 pro-
motes 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 his-
tory? What geological evidence would you look for?

Consider the following scenario. Two plates share a convergent boundary. One is a plate with only con-
tinental 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 col-
lide. 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 Igneous Rocks Metamorphic Rocks

Form from mineral and rock Form from the crystallization of Form when any type of rock
fragments (and sometimes magma (sedimentary, igneous or
organic material) that is eroded another metamorphic rock)
then re-deposited physically or chemically

changes while subjected to
high temperatures and/or pres-
sures, or by reaction with chem-
ical solutions

Form at the Earth'’s surface Form at the surface (volcanic/ Form inside or near the surface
extrusive) or inside the Earth of the Earth
(plutonic/intrusive)

During formation, clastic and During formation, begin as Usually remain solid throughout
organic sedimentary rocks magma and solidify as they cool the processes of formation
remain solid, and chemical sedi-

mentary rocks precipitate

out of solution as a solid

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 meta-
morphic 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 repre-
sented 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 re-
deposited 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 re-
deposit 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 bombard-
ment 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 fre-
quency. 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 lo,
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
l Refine your thinking
l Formulate a research question
Develop and implement strategies for action
!
l T Collect and analyze data

l Reflect on action

Generate practical knowledge

One of the primary reasons for doing action research is to generate knowledge that can inform classroom prac-
tice. 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 | 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 | 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.

Earth and Space Science -88- Appendix



Action Research Guide, cont’d.

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 modi-
fications. 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 per-
spectives 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 descrip-
tion 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 Clear-
inghouse 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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Concept Mapping as a
Study Strategy in
Earth Science

Concept mapping leads students away from rote
learning and toward true understanding of concepts
and their relationships.

Charles R. Ault, Jr.

ducators who expect "meaning-
E ful learning” from their students

ate often disappointed. Students
who fail to learn "meaningfully” gain
letle knowledge of lasting importance
from a course. Is the hope that our
students will become flexible, critical
thinkers at some worthwhile level of
insight an impossible, even foolish,
fancy?

Novak has aptly phrased the ques-
tion that too frequently haunts educa-
tors: "Why do so many students learn
so little?” {14,p.9].

Having rejected simplistic explana-
tions that students "don't try to learn”
and teachers "don't care about teach-
ing,” Novak invented a procedure for
helping students to organize concepts
into meaningful—as opposed 10 loosely
connected—entities. He called this pro-
cedure concept mapping,

The tactic holds promise for many
phases of science instruction and study
[10]. A concept map depicts hierarchy
and relationships among concepts. It
demands clarity of meaning and inte-

Chasles R. Ault, Jr., is an assistant profes-
sor of science and environmental educa-
tinn, Indiana Univ., Blonmington,
IN 47405.
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gration of details. Mapping exercises
require one to think in multiple direc-
tions and to switch back and forth be-
tween different levels of abstraction.

Concepts

Concepts signify patterns in events
and connect experiences that are oth-
erwise unrelated. Consider, for exam-
ple, how some elementary concepts of
wave energy connect two seemingly
unrelated events: silent flashes of “heat
lightening” from a distant thunder-
storm observed on the horizon and
“heat rising” on a cold day over a
steam-filled radiator just beneath a
window. In both instances, variations
in air density alter the paths of wave
energy propagation. Sound waves re-
fract upward into the atmosphere, their
speed being greater in the Iower, denser
air and slower above. Normal thunder
exists, but misses a surface cbserver a
"horizon distance™ away [22].

Over the radiator, cold and hot air
mix in a turbulent plume. ‘This region
of intense convection shimmers while
transmiccing light. Density variations
in the air cause numerous refractions
and reflections of the light. We per-
ceive light coming from so many direc-
tions at once as “shimmers.” Objects
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viewed chrough the “rising heat” are
distorted.

Explanadion in terms of "wave-bend-
ing" and "wave-reflecting” also connects
desert mirages, shirnmering “puddles”
in dips on hot, dry pavement, clear
voices overheard through a doorway
when the door is but slightly ajar, the
shapes of clouds, the distoriions of olive
sizes in a tall, slim, round, glass jar—
the list is, of course, endiess.

No single concept could make these
connections intelligible. Concepts do
not exist in isolation. Each concepr
depends upon its relationships to many
others for meaning. In the wave energy
example, density becomes understood
partly as a property of matter capable
of influencing wave speed.

Meaningful Learning

A personal grasp of such relation-
ships characterizes "meaningful learn-
ing” as defined by Ausubel | 3-5). Con-
cept mapping—with its emphasis on

integraung concepts and anchoring
them tw concepts in events and ob-
jects-—is one wul for enhancing mean-
ingful learning.

Isolated terms, remembered precisely
as learned and unconnecred 16 a stu-
dent’s own imagery (ulive jars and
thunderstorms}, make up che other end

ing emphiasis on reproducing informa-
don exactly as presented.

Some students tend to see science
learning as a nocessary but senseless
chore. Current rrends in science educa-
rion focus on means of helping them
tw overcome theic rote learning han-
dicaps. Arons has noted the failure of

A concept map depicts bierarchy and
relationships among concepts. It demands
clarity of meaning and integration of details.
Mapping exercises requtire one 1o think in
mudtiple directions and to switch back and
forth between dif ferent levels of abstraction.

of Ausubel's learning continuum. Rote
learning often defeats students wich a
burden of memorization without pur-
pose, a seeain from acquiring informa-
tion withour structure, and a frusceat-

inccoductory physics scudents 1 assim-
ilate a clear description of physics ideas
relevant o solving a particulur prob-
lem, even when these ideas ace readily
available in texts and clearly presented

in lectures. He claims it is essendial o
“train che students 1o a fixed habit of
asking themselves for a restatement of
the meaning of cvery term they en-
counter in a probieim which gives them

Sea-Floor Spreading—Another Outrageous
Hypothesis
it was submarine extension or ocean spread constantly in pro-
gress . . . Asia was therefore formed not by overthrusting, but by
underthrusting. {Bailey Wiliis, 1907).

Recall that, in 1928, Scottish geologist Arthur Holmes presented

Fucwr: “Tectondc Features”
Most Inclusive Concepts:

a hypothesis of convection In the mantie as a cause of mountain CHNVECHII
building, and in the same year, Alfred Wegener also accepted con- larpe sk
veclion as one possible meachanism for continental drift. Since that lwrcral How

time, convection has been the most widely endorsed mechanism
to explain large-scale tectonic features. In 1862, Princeton Univer-
sity geologist H.H. Hess proposed a bold new hypothesis that two

thermal alls
Highly Abstract Concepts:

1ension

opposing thermal convection cells rising beneath ocean ridges heat flow

produce tension in the crust and also cause the abnormal heat Abseract/Concrete Concepts:
flow observed there. As rifting occurs, earthquakes are generated rifling

beneath ridges, and new crusial material is erupted volcanically at ridpe axes

Conwrete Level:
oceun ridpes
voluanic eruptions
crustal mascnal
sea Hoor
coslnents

ridge axes. Hess envisioned that, finally, the slow, convective flow
laterally away from ridge axes carries older oceanic crust along as
it on a conveyor belt, causing the spreading of sea floors through
time. Original as Hess's idea was, it appears from the above quota-
tion that he had been partially anticipated 55 years earlier.

Figure 1. A passage from a college introduciory geology textbook |7 selected for conceps
mapping.

Figure 2. Concept wiap preparation steps 2
and 3—rauk and clusser concepts.
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Figure 3. Concept wiap preparation steps 3 and §—clurter and arrange concepts.
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Figure 4. Concept map preparation step 3—link and label relationships among concepts.
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difficulty” [2,p.172]. Even language be-
comes important in these restatements.
For example, students may say a ball
tossed into the ait "has zero velocity
for a moment” upon reaching the apex
of its flight, instead of “has zero veloc-
ity at the moment” it reaches the apex.
Aron's work clearly indicates how mis-
conceptions can create problem-solving
difficulties.

McCloskey [11] calls these miscon-
ceptions “intuitive physics.”” He holds
the view that clear statemnent of per-
sonal beliefs and meanings, rigorous
analysis of their consequences, and com-
parison of personal understending to
expert versions of the same concepts
promises improved understanding.
Kahle, Lehman, and Carter [9]; Novak
[15, 17], and Novak, Gowin and
Johansen [18] have concluded that
learning should be more meaningful if
students "map” key concepts in net-
work forms revealing hierarchy and
relatinnships.

Concept Mapping

In contrast to rote learning methods,
concept mapping permits variation in
right answers. There are many possi-
ble patterns capable of connecting con-
cepts. Maps permit comparison of stu-
dent understanding with expert knowl-
edge. They improve undetstanding by
searching personal meanings for mis-
conceptions or incorrect relationships
among concepts. They also illuminate
insights into meanings of elementary
concepts {"density alters wave propa-
gation” as opposed to "density is mass
per unit volume™),

Recent studies on meaningful learn-
ing and concept mapping have focused
primarily on learning biological con-
cepts {9,12,15-19]. Stewart [20] has
attempted to adapt the techniques to
the field of genetics.

Several forms of network diagrams—
or flowcharts representing knowledge
and text structure—have emerged dur-
ing recent years. Such techniques are
firmly grounded in cognitive psychol-
ogy [1.13] and reading instruction {8].

Earth and Space Science



The following directions and examples
are pauerned on the Nuvak tradition
of techniques designed for student use.

Concept Map Preparation

Directions for constructing concept
maps are simple. Executing the direc-
tions is not. The technique mwust be

Concepts do not exist
in isolation. Each
concept depends on its
relationships to many
others for meaning

attempted o be understood. Pauence
for mapping requires a purpuse for
the map—a need o cruly understand a
set of concepts.

The "raw material” for mapping may
come from a text, lecture nuies, per-
sonal knowledge, or any other source,
The following example uses a passage
from a hiscorical geology texibook [7}
The division of the mapping process
into five steps—select, rank, cluster,
arrange, link—is somewhat arbitrary
but helpful as an incroduction.

Step 1. Select an item for mapping
{See Figure 1). The item may be an
important text passage, leciure notes,
or Jaborartory background material. Use
short passages for initial mapping at-
tempts. After reading the passage ar
least once, determine a central or focus
concept. Ideally, this focus concepr will
dentify the role of the mapped pas-
sage in some larger context (the entire
chapter, for example).

Next, choose and underline key

words and phrases; include objects and
events, Copy each of these concepts
onto 2 separate small card for easy
rearrangement.

Step 2: Rank the list of concepts
from the most absiract and inclusive to
the most concrete and specific. There
are no fixed rules for establishing chis
ranking. It satisfies a need o find hier-

Earth and Space Science

archical struciore in the material 1f the
selecrion contains many concrere ex-
amples but very few abstractions, select
another passage. Several concepts may
share the same level of abstracrion;
generally, you will find fewer abseract
concepts than concrete ones {See Fig-
ure 2).

Step 3 Cluster the concepts accord-
ing to two criteria: concepts that func-
tion at a similar level of abstracrion
and concepts that interrelate closely
(each defined in terms of the others,
for instance). These groupings reflect
judgments about closeness of associa-
tion and will be expressed in part by
concept positions on the final map. To
regroup, juse reacrange the cards. Dis-
cussion helps to clarify these judgments.

Step 4: Arrange che concept cards as
a two-dimensional array analogous to
a roadmap. Each concept is, in effect, a
potential destination for understanding.
Its route is defined by other concepts
in the neighboring erritory. No pre-
cisely correct arrangement is pussible,
There will be frequent revisions as
meanings come in focus (See Figure

3). This stage may jcquire refurning o
the selecied passage for additional con-
cepts, reclustering the ranked concepts,
reassigning the abstraction level of a
concept, or even replacing the focus
oncept.

Step 5. Link related concepts with
lines and label each line in proposi-
tonal or prepositional form (See Fig-
ures 4 and 3). Work with one pair of
concepts at a time. Once linkages are
labeled, the map becomes “a paragraph
that reads in any direction™ {in the
words of one enthusiastic student).
Lines and labels should boch branch
from concepts and cross levels of ab-
stracuon as necessury. Horizontal refa-
tionships in many inscances will lead
to the formaton of closed cells. Re-
member, the analugy is wich a road-
map, not a dichoromously branching
key. There are many roads from Cleve-
land o Cincinnat.

A completed map represents an un-
derstanding of the relationships en-
tailed by an imporiant set of conceprs
and efficiently communicates this under-
standing 1o others. Map documients set
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the stage for efforts 16 comrast per-
sonal meanings with higher levels of
understanding, A map is a piece of
private thought made public, ready for
revision, revies, or perhaps repair.

Wark at this stage may require revi-
ston of some of the previous steps.
The mapping process is a form of self-
administered Socraric dialogue, prompt-
ing critical appraisal of what one chaims
t0 know. No map is ever completely
finished. Figure 5 shows the most re-
cent edition of the "Tectonic Features”
map.

Only mapping pracrice brings map-
ping proficiency. These directions are
guidelines, not rules. Wrestle with a
mapping task in order to wnderstand,
and perhaps change, the directions.

Applications

Constructing, revising, and studying
concept maps heips to clarify unfarmil-
iar ideas. The comparison of different
individuals’ concept maps as a class-
room activity or the contrast between
maps drawn by the same person over
time reveals how prior knowledge in-
teracts with new informarion.

Mapping benefits 1nstructors, too.
Much lecture planning is concept map-
ping in disguise. Curriculum planning
and textbook evaluation require critical
thinking about schemes for organizing
concepts.

While mapping is no panacea, there
are no restrictions on its use, either.
The following applications are sug-
gested for science instructors, students,
educational researchers, and weacher
educators:

® Lecture preparation. Use a concepe
map to plan a lecture or to integrate
several lectures. Distribute a simplified
version to the class as lecture notes.
Have a colleague attend your lecture
and make a map of it for comparison
and feedback!

® Cutriculom planning and evahua-
tion. Apply mapping to several levels
of the curricelem—~program, course,
book, chapter, topic— tivensure that an

42 JCST September/October 1985
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organization exists for students to
grﬂip.

® Discussion. Precede, accompany, or
foliow concept mapping exercises wich
discussion. Assign partners to construct
maps jointly. Have a discussion ses-
sion to construct 2 master map of the
week's topic.

* Laboratory reports. Have students
construct maps of background informa-
tion priof to lab exercises. Link con-
cepts w lab procedures. Make concept
maps of experimental conclusions and
then syathesize these maps into the
prelab background map.

¢ Text study. Have students map
various size units of text. Direct them
w the most essential passages. Have
students map their lecture notes, too.

* Examination. Replace some essay
assignments with map exercises. Pre-
sent a set of concepts; ask students to
select a foces and construct a map.
{"Below are seven concepts associated
with precipitation. Use them to con-
struct a concept map.”) Directions,
source material, and expectations will
vary according to teaching style. Try
not to ask students to recall concepts

ot labels from a memorized map.

¢ Computer Assisted Instruction
(CAI. Use concept mapping as an aid
to transforming a body of knowledge
mto a programmable stracture, Build 2
screen page around each concept and
determine conditions for calling pages
from linkapes.

® Knowledge representation. Try
(just for fun) to map the patterns of
meaning governing expert thinking in t
a-narrow domain.

¢ Interview analysis. Represent stu-
dent conceptions with concept maps. 4
Use maps to diagnose misconceptions.
Have education majors construct maps
of children’s conceptions.

¢ Lesson plans. Have elementary edu-
CALOTS USE P CONCEPt Map 1o fepresent
their understanding of the background
knowledge for an elementary science
lesson.

Concept mapping is one strategy for
solving the problem of why students
often fearn so little. Judiciously used by
either instructors planning lectures or
students preparing for an examination,
concept mapping enhances opportuni-
ties for meaningful learning,
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Orher references can provide details
on rechniques for scoring concept raps
quantitatively [10,17]. [ believe a map
document stands alone, wich lirtle need
for numerical rating. Subsequent exam-
ples illustrate this paiae.

Sample Maps

Figures 6-9 depict maps drawn by
students in introductory geology and
carth science courses for nonmmajors.
Each map has distinctive features
worthy of comment. The scudent map
examples cover text passages from one
to several paragraphs in length.

The Igneous Rack Map (Figure 6)
represents a very well organized, be-
ginning-level understanding of broad
igneous rock categories and their rela-
ticnship to a molien state. The student
has noted the significance of gas con-
tent to volcanic events. The region of
the map entered with the phrase "con-
sists of" has the potential w anchor
addirional informacion on magins com-
position and eruptive events.

The Fossil Map (Figure 7) stresses
category/subcategory thinking. Con-
necting phrases in chis map follow
conventions developed by Champagne
and Klopfer [6]. Linkages state cither
class membership or change processes.
The content of this map stands alone
as an introductory-level overview of
fossil preservation, but also provides a
framework for elaboration of preses-
vation processes and products

The Precipitation Map (Figure B)
has three explanatory levels. Firse it
accounts for condensation. Next the
map focuses on cloud droplet origin.
Lastly, by using cloud droplet concepts
in a causal sequeiwe, the map attcmpts
o explain caindrops. This map is not 4
complete explanation of precipitation,
but it is an orderly beginning. Ail the
information present interconnects. ln-
complete yet informative regions of
this map raise questions for future
study: What events determine the form
in which condensation occurs? Why
does droplet size influence coalescence?
What keeps lighr-weight raindrops
from falling? This map enables its
author to understand a wide range of
interesting guestions.

The Celesaal Equator Map (Figure
9) departs from traditional presenta-
tion of these concepts. Usually, the siu-
dent studies a text illusrcation of the
carth in orbic or the sun ar diffecent
locarions in the sky throughout the
year. The symmerry of this map main-
tains the feel of orbital motion. How-
ever, the verbal/ propositional form of
the map draws attention o essentisl
meanings of ecliptic concepts—mean-
ings often subtle or unrecognized by
students. This student has represented
the solstices and equinaxes as both calen-
dar dates and positions in the sky, and
recognized the basis for these observa-
tions as dependent upon a reference
systermn.

Caaution and Conclusion

Mapping may be wiost useful in che
context of attempting o grasp Jifficule
new abstractons. However, maps
heighten awareness of a need 10 know
more. [n oonsupportive sewtings, in
situations where the expected learning
is primanly rote, in cases where the
difficulty of the new abstractions simply
overwhelms che student, or in situa-
tions where most stwdents have learned
to succeed with rote learning habirs,
tolerance for mapping exercises will
fade rapidly. Students may not want 1o
know more.

Grading practices can thoroughly
undermine the value of concept map-
ping by reinfurcing rore learning. Never
ask students w mewrize instructor-
prepared misps.

Scientists feel comforiable working -
within intricate, highly interconnected
systems of thought. Students often do
not. Information presented in introduc-
tory Courses may scem unconnecred
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Figure B, A student-constructed widp on
“Precipstation” expliining raindrops while
suggesting ansuwered qaciiions.
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Fignre 9. A student-conciructed map nn “Celestial Lguator” that captures the meaning of
equinoxer and solttices ar batl calendar dates and poiitions of the swn in the rky.
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Some Aspects of Student Understanding
of Soil

¥
Joha C. Happa

Introduction

One of the underlying assumptions that
is reflected in the Learning in Science Froject
(Freyberg, Osborne and Tasker, 1980) is that
science leaching might be improved if at-
termnpts arc first made to gain some apprecia-
tion of the beliefs, expectations and language
that children bring with them to the learning
situation.

The emphasis throughout the L.1.S. Pro-
ject has not been evaluarive; rather it has
strived to probe difficuities by means of
small-scale, in-depth stndies that can readily
be related to science teaching, essentially at
the Form 14 levels.

Many of the previous in-depth studies
from the project have tended to concentrate
on areas of physics (Osborne, 1950; Stead,
1980), chemistry (Happs, 1980; Schollum,
1981) and biclogy (Stead, 1980a; Stead,
1980b). In comparison to these studies, very
little research has been conducted into stu-
dents’ concepts and undersianding in areas
within the earth sciences (Moyle, 1980).

This investigation attempts to focus at-
tention on the topic “Soil". This is seen to be
an tmportant teaching area (Happs, [981a)
and is included in the Infants to Standard 4
syllabus; in Section 4 of the Science; Forms
1-4 Dralt Syllabus; and with provision for s
inclusion in section 14 of the same syllabus.
The 1968 science syllabus also introduces as-
pects of “soil” at the Form 5 level and senior
geography programmes may incorporate as-
pects of soil.

After several generations of the misuse of
soils in New Zealand there is now a growing

Earth and Space Science

awareness about the role of soils in the envi-
ronment and their importance as a life-
supporting factor. The New Zealand
economy is dependent upon basic resources
such as soil and water; thus, an underscand-
ing of some aspects of soil would appear to be
a desirable component in the scientific edu-
cation of all New Zealanders.

The Investigation

Forty students (6 x F1,4 x §2,3 x F3,5
X F4,5 % F5,4 x F6,3 x F7,4x T, 6 x L)
from 7 Co-educational Schools, | Teachers'
College and 1 University, were individually
interviewed. Students were selected by their
teacher, who was asked to choose students of
“average scientific ability” ?

During the interviews, students were
asked to consider a number of samples which
were presented o them in sequence. These
samples were: a loose portion of topsoil; a
section of turf, with ample grass and a well-
developed exposed root system; clay; dry
grass; sawdust; potting-mix and pebbles,
Such samples represented familiar materials
which uare likely to be commonly encounter-
ed outside the science laboratory and, during
the interviews, smudents were asked to
describe and identify what they observed.
'F1-F7 = Forms !-7 (11-17 year oldsy; T = ls1 year

‘l'eachers’ Coliege students; U = 1st year University
students.

* The investigator considered thae students were aver-
age 1o slightdy above average in most cases. F6 and F7
students studied stience subjens and geography, at
the time of interviewing.
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This line of questioning was shaped towards
eliciting the students’ concept of soil and soil
development,

An explanation of phenomena, and their
possible links within the environment, was
sought, in terms of the students’ own ideas. It
was emphasised that what was required was
the students’ own explanation and view-
puints and that there would be no emphasis

laced on “right” or “wrong™ answers. The
interviews were maintained in an infc-mal
and “non-threatening” atmosphere
throughout.
1. What is Seil?

The first part of the interview” attempied
1o ascertain whether, or not, students recog-
nised soil samples as such, whilst investigat-
ing those characteristics that were assigned
to soil. General questions such as “What do
you see therer" and "Why do you call it tharz”
were used.

Seventeen students (4 x F1, 1 x F3,9 x
F4,4 » F5,3 X F6,2 X T, | x U) used the
words “dint” and “soil” as synonymous terms
and did not envisage any differences be-
tween the two. However, the majority of siu-
dents did point to differences between dirt?!
and soil although their criteria were often
hot the same:

“dirt’s got litte insects and that in it” (0P

Older students tended to be more
specific:

{“Thase ta terms 'dirt’ and “soil’, 10 you. are they the same

or are they Gifferent terms, or what? ") “irc. | bink, is

what you call any stufl in the ground — soil is more
like what you plant things in — sartof, it’s got more

goodners and thaein ic.” (8043

Only 1 student (1 X U) defined soil in
terms of its dynamic character and its min-
eralogical and organic constituents. Descrip-
tions {rom other students tended o be re-
lated 1o the physical nature of the soil:

* Interviews generally had a duration of approximaely
45 minuwles 2libough this time-span vaned between
individual students.

*'The soil sciencist is nor likely o place any scienilic
meaning on the term “dirt”, regarding it as a slang
word with no specitic connotation. This is in conrrast
to the term “sotl”, which can be scientitically delited.

*In this paper, Form 3 studencs are identified with a
three iligit number beginoing with 3, i.e. 301, Form 4
studlents with a 4, e.g. 402, and so on. Teachers’ Col-
lege students are idennilied with an 4 and Lniversity
students with a 9.
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{"If [ were tu prut o sampre of something else down there,
how would you decide whether, or not, ¥ wes wil?™)
“Well, vou could telf by the colour of it and how it
felt and what it smelt like.” {712y
The bulk of responses to this kind of
question, however, were met with answers
relating to soil’s ability to support plant iife:
Only 2 students {1 X F1, 1 X F3)did not
describe soil in terms of it being a medium
for plant growth. This reference to living
things was predominant:
"soil 15 a substance that's under the ground and
helps growth of plants and things like that™. (105}
{*What do you mean by soil?") “Mare or less what can
support plant growth,” (S04}
A response related to the number and
role of soil organisms was provided by a
younger student:

“uh, there’s untold living things in soil. They have
W live thece for prowection and live there for a
home kind afching and that's just where they live w
get food and that™” {201y
However, less informative responses
were offered by more experienced students:
“Some living things depend nn soil_There are e
a few living chings in the seil”. ("Whai sort of living
thirgs?™) “Hugs” (“Can you name any of them”}

(5i)2

and
{"What are they (fiving thingi} doing in the soil?} “Eal-
g it" (802)

One student (1 X F6) gavea response that
approximated a scientist's view of soil with
regard to its inorganic and organic com-
ponents:

{“What, to o, would make up asodl, if you were deciding

whether somettng was a soil ar roe?”) "Gravel and

ground up rocks and decomposed material — with
living things init." {Bi)

2. Where does Soil Come from?

The idea of soil having evolved on site as
a result of the interaction of a number of
soil-forming factors was not appreciated by
the vast majority of swmudents. Sixteen
students (B X FI, I x F2, 2 x F3, 3 x F4,1 x
F5, 1 x T) believed that the soils they ob-
served in the Wailkato area were formed at
the same time as the earth was formed. This
was stated explicitly with no reference as 1o
whether, or not, New Zealand existed adche
tirme the earth formed.

“"LUtnm — ['d say that it's always heen there” (“Since

the earth formed? ) “Yes” (403)

-104 -

Earth and Space Science



Supernatural explapations were oc-
casionally pointed to by younger students:
("How long has it been theve — ov has it (soil) nlwass been
there — or what?} "Uin — since God created i
L)
“1t'salways been there when the earth gotcreaged.”
104
Even older studemts demonstrated that
they did not see soil as having evolved over
time:
“[ ink the actual snil has always been there but —
sort of — most of the — like the nutricals and that
in i, sort uf come [rom broken down things, like
plants and that.” (804}
Eight students (1 x F1,2 x F2, 1 x F7, |
x T, 2 x U considered that soil was the

product of rotling vegetation andjur

animals:
“1 think it came from a rotting liteer kind of fayer.”
200

“Well, it's all the dead maner and licer ot the trees
that has heen broken down by the hacieria and tha

— and all the dead animals and things.” {702}
“Basically a lot of it — [ think — comes {rom
plants.™ (302

This same student later revealed that no
relationship was seen between the origins of
topsoil and clay:

“A lat of it (soily comes from plants — like the

tupsoil and that, but the things like clay seem more

like it — vould be volcanic, or something like thar”
(90

Five students {1 X ¥3,1 x F4, | X F5, | x
K6, 1 x F7) felt that volcanic activity was the
source of soil:

“When you have a voleano erupting you've got lava

coming cut — it dries up and twros into stone. I

could be sumething like that comes up and turns

intoy soil.” {1y
“I think it {s0il) would he uplifted — lrom voleanic
activity.” (604)

“Well. when we were doing volcano studics we saw

how — umm - feund out how — vmm — lava —

umin — the magma ruse trom beneath and all this,

That could have beer vne process which might

have contributed o soil beiny there.” (700%)

Seven students (2 x FB, 2 x T, 3 x L)

recognised that soil development may
involve a multi-source mechanism:

“It's [suil) been weathered from parent material.

like rock, and it's had other stuff added to it —

nutrients.” {61y

“From rocks in river beds and scas — grinding

against cuch other ard particles getting smaller ang

stitgller und gewing cither washed over the land or

— winm —- chstributed by wind and swff like that.

Oh, and bird droppings and animud manure.”

(801
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Similarly:
“I shouki ithagine general weathering processes
and they fewch tresh plante. They die and decay
and you'd have your humus lakd down. Then you'd
probably have animals feeding on the bumas and
you'd have excretion added to it and man coming
atong with his lerilizers and water, wind, rain and
sunlighe.” {405)
Some unusual and more idiosyncratic
theories of soil genesis were proposed by
some students:
{<If somebacdy said ‘you tell me how that seil arrived there.
Has it always been there .~ has it arrwed recentdy?

Gr — " "} *Manure from dinesuurs.” {"Manure fram

dinosaurs?") *Yes" {202}
Also

“River deposits — mm — stuff which builds up the

soil.”

(" Would you find the soils whete there were no rRvers -

do you think?”) "I suppose so." (" Well, how vould thry

get there?™)

“Limm — like over in Europe — an icc age — due 1o

glaciatinn and that. When it melts hring the stuff

down from mountains and deposits it on the

plains.” (“S¢ sou slways see o nver imulved in soil

Jormation?”} “Yes.” {700

Two students (I x F4, 1 x F6) had no
deas about how soil was formed:

"[t (soil) has beer formed —- [ den't know how.”

(602)

Specilically directed questions showed
that the idea of soil being a product of the
environmeni and the need for several soil-
forming factars was not appreciated by the
majority of students®:

{“Why do you not think there would be sois on the

moan? ")

“Because { never heard anvone say there was.”

{503}

3. How Old Are Soils?

The sample of topsoil was used to ask
students about the age of a “typical” soil in
the Waikato arcu. A significant proportion of
students visualised soils, presently located in
the Waikato, as having been formed at the
same time as the earth was formed. Twenty-
one studenes (5 % 1,2 X ¥2,3 x F3,4 x F4,
4 % F5, 3 x T) stated this explicitly or im-
plicitly:

“1's always been there.” (204)

"I'he word “always™ can mean a number
of different time spans, depending upon the
® Thirty-mine students (all excepr 1 % ) were nowable

1o relate 10 soil-forming fackors. .
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age of the student and this was followed up
during the interviews:
“I'd say tha it's always beee there.” (“Since the earih
Jormed?™)
“Yes — virtually — yes.”
{(“How long ago 5 that?™) “Oh — millions,”
{“Miltions?")
“No — about billions of years ago.” (“Billions?”)

“Yes.”
(“Whats g billion — o you?") "Ahout a milliun
millign.” (403}

“Ithas probably always becn there. " ("Since the earth

was formed?”) “Yes ~— the same time or a bit after-

wards.” (“A bit afterwards?”] “Afier the world

started forming.” (“But it's mure ur less the same age —

do you think?") “Yes.” {50}

Three students (1 x F4, | x F6, 1 x U)
stated that they had no idea of an “age” for
soils in the Waikato region and they were not
prepared to speculate.

Other “estimates” ranged from (ess than
20 years (1 x Fl, | x F6) through less than
100 years (! x U), 500 years (1 x U), lesschan
1 millien years {1 x F6, 2 x F7}, 2 million
years (I X F5), a few million years (1 x ¥6),to0
100 million years (1 x T}

Threestudents (1 X F2,2 x U}, consider-
ed that the soil would have an age that was

dependent on when the vegetation, that,

formed the soil, started to break down. Simi-
larly, three students (1 X F2, 1 x F7, { x U)
stated that the age of the soil would depend
ipon whatever formed the soil and when the
process started.

A rate of formation, albeit rather rapid,
was offered for New Zealand soiis in general:

“T'wa meires torm in 500 years in New Zealand.”
{01

4. How Deep Are Soils?

The hypothetical situation was proposcd
whereby the student could dig down in-
definitely in his/her back garden. checking 1o
see if so0i] was still there as the depth of the
hole increased. The question was asked
“How far down do you think that soil would
go?” Estimates ranged from & inches toabout
10 miles, with the following distributions:

Thirtecn students (2 X F1, 1 x F2, 2 x
F3,2x F3,2xF6,1 xT,3 x U), considered
that the average depth of soil would be up to
I metre:

“about fom”

“Probablv a metre.”

Loty
{RO3Y
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Fourteen students (i x FI, [ x F2,4 x
F4,2 x F5,2 x F7,2 x T, 1 x U), suggested
that the soil depth wouid be in the region of
i1-10 metres, three siudents (2 x F1, 1 X F7),
estimated depths between 11 and 100
metres.

Fourswdents{1 x FI,1 x F4,1 x F6, 1 x
I) were sure that the soil depth would lie
between 100 metres and | kilometre with
five students{l x F2,1 x ¥3, [ x F5, 1 x F§,
1 x U}, considering soil to be over t kilo-
metre in depth.

§“If you were digging in your garden al home — if you

carvied on digging doum — lel's pretend it's passible —

how far dv you think joil goes down before i run out?”)

“A few miles — 3 or 4. [204)

One student (1 x F3), could not provide
an esumate of soil depth.

5. What Changes Do Soils Undergo?

Information concerning possible
changes that might occur within soil, was
probed by asking students to firstly describe
the individual samples, with later questions
being directed towards possible relationships
between materials:

“Do you think that the soil will change at
all with time?”

Further opportunity was provided for
students to discuss words such as soil, sand,
silt, clay, rock and living things. These terms
being presented on separate cards so that
perceived relationships might be discussed.

Ninestudents (3 x F1, I x F3, 1 x F4,3 X
F5, 1 x F7) failed to see any changes that
might be experienced by a soil body.

1“fa you think the soil is changing af all? "} “No." (104)

("And the soif that is there today — do you sec that at

changing or not?”) (shakes head) (“Praty much the

sume?”) " Yes” (703

Some changes suggested were ones that
would be considered quite superficial from
an earth scientist’s point of view.

{“Does it (soil) change ai all, do you think?") "Yes —

when it rains it will get sugy and wer.” {(ann

Eight students (1 X FI, [ x F2,2 x F¢, | X
F6. I x F7,2 x U) were aware of changes 1o s0il,
with additions or losses over a period of time.

{"“De you thirk it {s0il) would change or stay thr same? ™)

"Il chrange a little — with water and things like

Uit — erosion.” {6(H)

Twenty-twostudents (2 x FI, 3 x F2,2 x
F3,2xF4.2xF5.3xF6.1 xF7.3xT.4x%

Earth and Space Science



U), did envisage chanyes to soil with time and
these changes were seen to fall into the fol-
lowing categories:

{y SOIL — CLAY

Fourstudenis (I X F2,1 x F4, | x F5, | %
T), saw the possibility ol soil changing into
ciay and, once again, this was seen to be a
result of compression. This physical process
was commonly used to expilain the link be-
tween soil and clay.

(i) SOIL — CLAY — ROCK

Ninestudents (2 X FI, 1 x F2, 2 x F3, 1
x F7,2 x T, 1 x U), thought that soil will
sink downwards, changing into clay with the
increased pressure. The end-point was seen
to be further sinking of clay with conversion
into rock at a greater depth,

(iii) SOIL = CLAY — ROCK — SOIL

Five students {1 x F2, 3 x F6, | % 1},
extended the last mode! further, to outline a
cycle [rom s0il, through to rock. The rock
was then seen 1o be exposed at the earth’s
surface, by erosion, with rock fragments ult-
mately adding to the soil. Sub-surface
erosion of rock was not recognised by these
students.

Same Asprets of Shudent Understanding of Soil 29

(iv) CLAY — SOIL

Three students {1 x F4, 1 x F5, 1 x L,
considered that clay could be changed into
soil and one of these students {1 % F5), saw
this soil as later changing into rock.

{v) SOIL — ROCK — SOIL

One student (F x 1), felt that soil could
form rock, at depth, whilst later exposure of
this rock could lead to surface weathering.
The resulting rock fragments were seen to be
a major coniribution to new soil develop-
ments.

Only one student (| x U) appreciated
the soil forming factors and the dynamic as-
pectofsoil. Sand, silt and clay were described
in terms of particle size, (hy student 903) with
the latter being seen as an important soil
mineral, formed by the chemical decamposi-
tion of primary ruck minerals.

A survey was designed to test the preva-
lence of ideas that emerged from the inter-
views (Happs, 1981). These ideas were
largebly substariated over a group of 221
F (-7 students.

T Student {903) cannot be regarded as being typieal
within the group of 1st year university students in-
terviewed during this investigation. This student had
started the 1980 Lst year program in carth sciences at
Waikalo University but had to wichdraw through ill-
ness. At the tme of these interviews, student (904) had
been exposed to several Jectures in 1st year sail sa-
ence, during |980.

CHILDREN’S VIEWS CONTRASTED WITH SCIENTISTS' VIEWS

A comparison between children’s views and scientists’ views are summarised in

Tuble 1.
SCIENTIS TS VIEWS CHILDREN'S VIEWS IDIOSYNCRATIC VIEWS

WHARIS A peoduct of the environ- A medium for plant growth  (a) toed for living things
SOIL? MENT Lomprisitng mineral anl u horne tor siall (b} synonymaous with dirt

and organic constituenis. amimals.
WHERE Results from the interaction  (a} sotl has always been (1) God ¢reated ir.
DOESSCH.  between factors of the there. {b) dinvsaur manure
COME environment. e.g. climate. (b} soif has formed from {c} river deposits.
FROM? organic material, parent vanious taterials chiefly

wnatenal, topopraphiv. vegetation.

(¢) voleanic source.

HOW (M.D Different soils have differ-  More or Jess the same age Less than 5 years inage,
ARE SOILS?  entages. Soils can be re- as the earch: millions of

Earth and Space Science

Jjuvenated by the addition of
recent deposits. Soils in the
Waikato range trom 1800-

[5.000 years old, 1.,
grulogically very youny,

years old i.e. geologically
old,
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HOW DEEP

Soil depths will vary trom a
ARE few cm (skeletal soils) L 17
HO1L5: metres or more (deeply
weathered Lropical soils).
Most profiles in New
Zealand are nol likely to
exceed 2-3 metres.,
WHAT The suil body is dynaunc
CHANGES and physical chemical and
DO SOILS biolegical processes ensure
UNDERGC:  thar soils are evolving con-
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tinuously with time,

A minority of students
envisuged soll depihs of ooly
a bew cms,

{d] few THetres (consensus)

1L} several hundred metres.

¢l several kilemetres.

{d) extending o the molten
core ol the carth,

(a} clay can chastge inro s,

{4 soil can change wito rock
which may then change
tack mre soil bur only via
surtace weathering,

ta) suil does not change.

(by chunges only via
addittans or losses.

1) soil 15 part of a cycle
which resuls in the wran-
sition from soil w clay
and,or rock,

Amidst a confusion of ideas, concernimg soil transitions, the following “children’s”
views are also seen to be in need of some modtfication:

CHILDREN'S VIEWS
l. Seoil changes to clay.

MODIFICATION REQUIRED

Clay can be formed as the soil weathers but notall
of the soil will be converted, as many students
suspect. Clay is part of the soil fraction and not
the end product of soil compression.

2. Soil changes to clay and then
into rock.

Sub-surfuce rock {parent material) can weather
and contnbute to soil development. Soil cannot
be “pushed downwards™, compressed and
turned into rock.

3. Clay can change into soil.

Clay is generally regarded as being one com-
ponent of soil, resulting from the weathering ol
minerals that have their origin in the parent
material. Clay cannat “change” back into soil.

Summary

The results of this investigation suggest
that children and adolescents have views,
concerning soils, which are likely o be in-
compatible with the views held by scientists.

Whenever a student 1s introduced to a
new topic, during a science lesson, (sthe will
almost certainly have an existing canceptual
framework which relates 1o that topic. How-
ever, there may be special problems associat-
ed with those study areas which contain obvi-
ous references to everyday terms, such us
“s0il” and “rock”, and it might be considered
that aspects of these topics are mutually un-
derstood because they deal with the familiar.
Thus, the danger exists that teachers might
assume that students hold scientifically
acceptable concepts, concerning  such

trequently encountered words. This kind of

assumption should he viewed with caution.
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Children’s ideas about
ROCKS

Before reading this summary of children’s prior ideas, it may be helpful to look at the
Science Map and The Teacher’s View so as to have a useful overall perspective from
which te view children’s understanding.

Introduction

Most of the research which has been carried out on children’s prior ideas on this topic
has been done in New Zealand. The presence of volcanoes there may explain the
frequency with which children classified rocks (and the minerals of which they are
composed) as volcanic. Research findings are summarised below under the following
headings:

Rock

Mineral

Sedimentary rocks
Igneous rocks
Metamorphic rocks
Crystals

Size of fragments
Mountains and volcanoes
‘Weathering

Soil

Implications of the research findings for teaching,

Rock

Children recognise rocks by their weight, hardness, colour and jaggedness. The word
‘rock’ is applied intuitively and often applied to mineral samples 2. To children rocks
have to be large, heavy and jagged, smaller fragments being described as stones. Rock
is at first regarded as being made of only one substance, with consequent difficulty in
recognising granite as rock. Children are also confused when deciding whether a
sample is natural or not 3, house brick being regarded as rock because it contains some
natural material. The opposite view many also be taken: a cut and polished piece of
marble is not a rock and is not natural - 1o be natural, it must be ‘untouched’ by man.
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Mineral

Most children do not associate *mineral’ with rocks ' 2 and are more likely to think of:
mineral water, minerals and vitamins or mineral resources. Occasionally, it is suggested
that minerals are ‘small stones or precious things’. After a particular teaching
programme, niinerals were treated as being the same as rocks and both words were
used indiscriminately to classify rock samples as volcanic (tegardless of whether they
were sedimentary, metamorphic or igneous).

Sedimentary rocks

Very few children appreciate the relationship between sedimentary rocks and the
sedimentary processes by which they are formed . Such rocks are variously described as
‘volcani¢” and this includes the notion that heat is involved in their formation.
Additional confusion arises when children confuse the layers apparent in sedimentary
rocks with the cleavage planes often associated with metamorphic rocks?.

Igneous rocks

Most children in Happs’ sample ., when confronted with specimens of igneous rocks,
have no ideas to offer and merely describe their appearance. A small minority associate
them with fire or volcanoes.

Metamorphic rocks
The word ‘metamorphic’ is associated by most children with metamorphosis in animals
and they link metamorphic rocks with butterflies and plants in general (sic)2

Crystals

Children may classify rock specimens as ‘crystal rocks” and ‘normal rocks” and the word
‘crystal’ is used to describe both rock and mineral specimens, but only if the sample is
thought 1o be attractive in appearance.

Size of fragments

The words ‘boulder’, ‘gravel’, 'sand’ and ‘clay’ have specific scientific meanings related
to the average size of fragments. Children do not have this awareness and they use the
words in an everyday way *:

Boulder:  children usually see a boulder as a larger and rounded piece of material
which has rolled down a hillside.

Gravel:  this is usually used only to describe the loose material at the sides of roads.

Sand: children associate sand with beaches or desert.

Clay: this is thought of as sticky, orange stuff found underground.
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Mountains and volcanoes

Mountains, in Happs’ study ¢ are described by children as ‘high rocks’ or as ‘clumps of
dirt or soil’. A few children think that mountains are made of molten rock or ‘rock
pushed up’ while others think that all mountains are volcanoes (extinet, dormant or
active). The term ‘a range of mountains’ only rarely means a row of mountains to
children and most think of cowboy movies or paddocks and feeding grounds.

Some children have ideas that imply that voleanoes occur on fault lines or over weak
spots and ‘stuff just comes up there’. In some cases, the build up of pressure under the
crust is mentioned. In others, earthquakes shaking the region around the volcano are
supposed to account for volcanic eruptions. An idiosyncratic view suggest that ‘heat
builds up and has to get out’.

Happs found that most children are unable to relate in any way to a theory of mountain
building which involves plate tectonics.

Weathering

Cosgrove and Osborne ¢ found the idea that water expands on freezing a difficult one
for children to accept. The most common underlying model is that volume increases as
temperature rises.

Seil

Among the common misconceptions about the nature of soil is that soil is Yjust dirt’ or
‘any stuff in the ground’ 5. It is nearly always agreed by children that soil is a medium
which is useful for plant growth. They are aware that there are living organisms in the
soil and these are assumed to be ‘eating the soil’. Children seem to be largely unaware
of the role of the living organisms or, indeed, of the identity of these organisms. In
some cases, children distinguished ‘dirt’ from soil by saying that ‘soil has more goodness
init’.

The formation of soil is strongly associated with deposition by rivers, although there is
an alternative view that soil has ‘always been there ever since the Earth was formed’.
Idiosyncratic ideas about the origin of soil included the suggestion that soil is *dinosaur
manure’, or that it results from volcanic action.

Children’s ideas about the age of soil were varied. Some thought it was quite young

{‘vears or s0’), Others held the view that soil was as old as the Earth and had been
there ever since the Earth was formed. A notion which was widely held was that soil is
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the precursor of rock and that it changes to rock in the sequence:
$0il—w—  clay ——»=—— rock

Recent research in Portugal 7, USA * and England ® indicates & remarkably similar
progression in pupils’ concepts of decay. (The research questions put to pupils related
to the ‘disappearance’ of dead animals or fruits on the surface of the soil) For the
youngest children the concept of decay is non-existent: they think that dead things just
disappear or they have human-centred notions which do not allow for ideas about
contimiity of matter after death., All these studies found that the majority of children
conceptualise decomposition as the total or partial disappearance of matter. The
concept seems resistant to change, with about 70% of 11-13 year-olds giving responses
implying a lack of conservation of matter, even after teaching, Pupils were not aware of
the importance of material from dead organisms as part of the soil nor of the role of
microbes in the process of decay in soil formation. They tended to think that it is
insects which break up material once it has started to rot of its own accord. A later
concept is that ‘bugs’ or ‘germs’ eat the rotted material and that the rotted material
‘enriches’ or ‘fertilises' the soil but it is not part of the soil.

Some Swedish children expressed the belief ' that all dead material decays to form soil,
and the Earth is thus getting bigger all the time. This idea recapitulates historical
notions, Very few children seem to be aware of ideas about organic matter changing to
mineral matter during decay, or of any other recycling.

Implications of the research for teaching

It has to be borne in mind that the research quoted has been carried out in New
Zealand, a country where volcanic eruptions are probably a fairly common experience.
It is, therefore, less likely that British children will place the same emphasis on the
volcanic origin of all rocks,

The study of rocks can be regarded as part of a study of 2ll materials; they conform in
evely way with ideas that materials are mixtures of substances (in this case, these
substances are minerals), It is clear {from much of the research that children have
difficulties in distinguishing between rocks and their component minerals, There is a
need, therefore, for children to be given opportunities to:

- recognise rocks of different types both as hand specimens and in the field;
- recognise the important characteristics of the three main rock types, preferably in
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the field and reinforced with clear photographs which give an indication of scale;
- handle and note the appearance and major characteristics of some minerals and, if
possible, to recognise some minerals in samples of rock.
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THE TEACHER'S VIEW

This section outlines those aspects of a deeper understanding which the teacher needs
to have in mind whilst working with pupils. Ideas in any aspect of science are
constructed at ever increasing levels of sophistication and there are inevitably more
sophisticated understandings than can be represented in these brief notes.

Layered Earth
Seismic evidence leads to the view that the Earth is composed of several layers.

crust {3040 km)

mantle (2,800 km)

—— outer core (2,200 kmj (liquid)

J[_ inner core {1,270 km) {sofid)

Figure I (not 1o scale)

Rock

The materials of which the Earth’s crust is composed are rocks. Rocks are naturally-
occurring materials, themselves composed of assemblages of substances (called
minerals), Few rocks are composed of a single mineral; one example is marbie, a form
of the mineral, calcium carbonate. Different assemblages of minerals, in different
proportions, give rise to rocks with different properties.
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Rocks, like most materials in everyday life, are fairly complex mixtures, and therefore,
another word, in this case ‘mineral’ is useful to refer to the components of the mixtures.
Some minerals are elements; others are compounds made up of more than one element.
The following diagram (Figure 2) illustrates the make up of a hypothetical rock
(material) in which there are three minerals (substances) - one element and two

compounds.
Rock ‘MATERIAL’
(Material)
—
Mineral B ‘SUBSTANCE’
(Element 1)
Mineral A Minegral C
{Compound 1) {Compound 2)
/ ‘ELEMENT*
Element Element Element Element Element Element

1 2 1 3 4 ]

Figure 2: The relationship between ‘material’, ‘substance’ and ‘element’. (For example, in a sendstone,
nineral A would be silicon dioxide, composed of elements silicon and oxygen. Mineral C would be calcium
carbonate, composed of the elements calcium, carbon and oxygen.)

Three major rock types can be identified:

Igneous rocks

These have been formed by cooling and crystallisation of molten rock (magma). The
magma may be formed in the upper mantle or in the crust of the Earth and consists of
molten silicates, water and gases. Magma, being less dense than equivalent solid rock,
tends to rise into and through the crust. When it solidifies, the volatile constituents are
often lost and the silicates form the igneous rocks. The individuzal crystals (grains) in
such rocks are often large enough to be visible 1o the naked eve and are usually seen as
angular, interlocking crystals, The size of the crystals depends upon the rate at which
the magma cooled: rapid cooling such as would occur in magma (lava) extruded under
water results in very small crystals, too small 1o be seen by the naked eye. One example
of such a rock is basalt. Granite, however, has large crystals which are associated with
magma which has risen to the Earth’s crust (intruded) and solidified before reaching the
surface,
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Sedimentary rocks
Some, like sandstone, are formed from deposits of small fragments (grains) of material
which have been eroded from existing rocks which are exposed to weathering on the
Earth’s surface. Limestone is formed by chemical precipitation of calcium carbonates
and often includes the skeletons of small sea organisms. Most sedimentary rocks have
formed on the sea bed; as layer after layer of sediment is deposited one upon another,
the weight of succeeding deposits hoth squeezes out water and causes chemical changes
in the minerals present. These changes can cause the grains to become cemented
together and new sedimentary rock is formed. Sedimentary rocks are characterised by
the presence of visible layers - strata or beds - which denote different periods of
deposition and can be seen on exposed cliffs or quarries. Sedimentary rocks may also
contain fossils of organisms which died and were trapped in the sediments. The type of
sedimentary rock formed depends on the type of the parent rock and fineness of the
grains,

Sandstone - small, fairly rounded grains, visible to the naked eye.

Mudstone - very fine grains, derived from muds.

Limestone - chemically precipitated calcium carbonate containing shells, usually of

marine organisms.

Metamorphic rocks
These are rocks which have undergone physical and/or chemical changes; already
existing rocks (which may themselves be metamorphic or igneous or sedimentary) may
become buried because of Earth movements. The rocks become enormously
compressed and, if buried deeply enough, are heated as well. Examples of
metamorphic rocks are:

Marble, formed from limestone.

Slate, formed from shale.

Gneiss, formed from granite.

Mineral

Rocks are composed of minerals. These are either chemical compounds of known,
specific composition; or uncombined elements. Unreactive metals such as gold, silver
and copper occur as uncombined elements (‘native’). The most widespread minerals
are the silicates (compounds which always include silicon and oxygen along with various
other metal elements). Other minerals include oxides, carbonates and sulphides of
metals.

Weathering and erosion
Weathering of rocks exposed on the Earth’s surface breaks them down into smaller

Earth and Space Science -119- Appendix



Rocks

fragments. The agents of weathering include:

(i) temperature changes, causing alternate expansion and contraction of the rock
material;

(i) the formation of ice in the cracks of rocks (ice-shattering) which occurs because
water expands as it cools from 4°C to 0°C;

(iii) the sand-blasting effect of wind-borne sand fragments;

(iv) the chemical effects of rainwater (slightly acidic, with a pH of about 6} on
carbonate rocks such as limestone. (This is usually referred to as chemical
weathering as opposed to the mechanical weathering described in (i) and (ii).);

{(v) the mechanical and chemical effects of plants and animals. (For example, plants
which root in crevices in rocks and animals which burrow).

‘Weathering’ refers only to the breakdown of the rock; without further processes, the
fragments remain in situ and the weathering would stop. Erosion happens when the
frapments which are formed by weathering are then transported away, exposing fresh
rock surface to the effects of weather.

Transport and deposition

Weathered fragments of rocks can be transported by wind: sandy deserts are formed
from wind-borne deposits. Sandblasting effects of wind-borne deposits cause further
erosion and ‘rounding’ of the fragments.

Rivers are important agents for the further breakdown and transport of rock fragments.
The breakdown of larger rock fragments occurs when they collide with each other and
with the river bed or sides as they are carried along by the current. These processes also
cause angular fragments to become rounded: the further a fragment has travelled the
more rounded its corners. The faster the current of water, the heavier the fragments
which can be transported. Wherever the current is slowed down (on the insides of
bends or where a river enters the sea or a lake), the fragments are deposited as
sediments. The smallest fragments (clays) are carried furthest and are deposited on the
sea bed, as changing conditions on meeting the sea causes flocculation of the clay
particles.

Size classification
Scientists relate specific diameters to specific terms:

Boulder - any rock or mineral > 200 mm

Gravel - natural, loose accumulation of fragments between 2 and 50 mm
Sand - any rock or mineral fragment between 2 and 0.02 mm

Clay - mineral fragments < 0.002 mm.
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Soil ,

Soil is not simply ‘powdered’ rock. Material from the dead remains of plants and
animals (humus}) together with weathered fragments of the underlying rock form soil.
The characteristics of soil in a particular place {colour, depth, porosity, and 50 on)
depend upon the nature of the rock from which it was formed,

Plate tectonies

This is the theory which, in the last 30 years, has revolutionised ideas about the

structure of the Earth. Previously, no single theory accounted for all known

observations. This theory explains satisfactorily:

(i) the Yig-saw’ fit of the continents and the appearance of particnlar fossil organisms
only in West Africa and the Atlantic coast of South America,

(ii} the pattern of distribution of volcanoes and earthquakes on the Earth;

(iii) the drift of continents over very long periads of time.

It is believed that the crust of the Earth is cracked into several large plates of different
sizes; these plates float on the semi-fluid layer of the mantle and are probably carried by
giant convection currents in the mantle. Plates move relative to one another in three
main ways:

(i) They move apart and magma (molten rock) emerges between the plate margins
forming new crustal material. (See Figure 3.) This happeas at mid-ocean ridges
such as that which occurs in the middie of the Atlantic. As the magma reaches the
cold sea water, it is cooled suddenly te form solid rock, forming new ocean floor on
both sides of the gap between the plates. Volcanic islands are frequently found
over the mid-ocean ridges (for example, Iceland is situated on the mid-Atlantic
ridge and has numerous volcanoes).

sprsading
mid-ocean
ridge

/ sea level

3

—— oceanic crust. _

partly mehad
uppar mantle

continental crust

rising hot
Figure 3: diggram of mid-ocean ridge magma
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(u) A plate (A) slides down beneath another plate (B); as this happens, the rock of
plate A melts and, because it is less dense it rises through the crust forming
volcanoes. Continental crust on plate A may become wrinkled up, forming
mountain ranges. Such regions, called ‘subduction zones’, are characterised by the
existence of deep ocean trenches, earthquakes and volcanoes .

continental crust

oceanic crust ﬂx

partly mehed
upper mantle

malting crust

Figure 4: diagram of a subduction zone

(iii) Plates slide past one another but this does not happen smoothly, Due to friction,
pressure builds up and its release makes the plates move very suddenly relative to
one another; this is an earthquake., The San Andreas fault is of this type.

North
American O

\\\F‘late
Pacific Plate

Figure 5

Earthguakes

Regions where earthquakes occur are regions where plates are moving relative to one
another. The effects of an earthquake depend on the depth in the crust at which the
slippage occurs; the amount of movement; and the way in which different types of
earthquake waves travel through the Earth.  Earthquake waves register on
seismometers in various places on the Earth’s surface and their strength is measured on
the Richter scale. By taking readings from several seismometers in different places, it is
possible 1o pinpoint where the earthquake has occurred.
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Volcanoes

While most volcanoes are associated with plate boundaries, at mid-ocean ridges and
subduction zones, some, for example, the Hawaiian Islands, are found in the middle of
plates. It is suggested that plumes of very hot material from deep within the mantle rise
and break through the crust, forming ‘hot spots’. The hot materials emerges as
volcanoes. As the ‘hot spot’ is stationary and the Pacific plate moves, different parts of
the crust are subjeet to the effects of rising plume. This results in a chain of volcanic
islands.

Magma, including volatile materials such as water, carbon dioxide and sulphur dioxide,
deep in the mantle is less dense than surrounding material and rises through the crust,
If the rise of the magma is blocked, by, for example, solidified lava in the throat of the
volcano, gas pressure builds up and the magma reaches the Earth’s surface explosively.
Magma which emerges at the Earth’s surface is lava. The several different types of lava
vary in composition and viscosity. It is only the viscous lavas, high in silica (silicon
dioxide}, which give rise to the typical cone-shaped voleano; the basaltic lava from other
volcanoes spreads more readily forming shield volcanoes.

Folds and faults
Movements of the plates can cause the crust to become folded and/or faulted (that is,
cracked).

Mountains

Mountains can form in several ways:
(i) by volcanic action;

(ii} by folding of rock layers;

(iii) from faults;

(iv) from uplift and erosion of rocks.

Mountain building occurs primarily at the boundaries of colliding plates, where
continental crust is crumpled.

Raw materials

The original distribution of the elements of the Farth is very different from their
distribution today. The core is composed of iron, the mantle and crust of silicates.
Some sulphides are also found in the mantle.

The Earth’s crust is the source of raw materials such as building stone, for making
cement and other construction materials, and for extracting all metals. Most metals
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occur in the Earth’s crust as compounds. Oxides, sulphides and carbonates are
common, Unreactive metals such as gold are found native as the uncombined element.
When a deposit of minerals is sufficiently concentrated for its extraction to be
economic, the deposit is referred to as an ‘ore’. The ore includes the mineral of value
(ore mineral), any other but ‘useless’ minerals (gangue) and the surrounding rock which
has to be removed from the crust during extraction of the ore mineral. The increase in
concentration of the ore mineral compared with its average distribution has been
caused by several natural processes. Examples of a few of these processes follow:

(i) Magma can be regarded as a ‘soup’ of material; when it cools, the minerals of
which it is composed crystallise out at different temperatures. This results in a
separation of minerals.

(ii) Watery fluids in the Earth’s crust are at high pressures and, therefore, can exist as
liquid at temperatures above the normal boiling point of water. At these high
temperatures, the water can dissolve minerals which are normally inscluble
{(particularly sulphides). These solutions then are moved around through cracks in
the rock, where they crystallise out forming mineral veins. Such hydrothermal
deposits are responsible for the veins of galena (lead sulphide) which are common
in the Yorkshire Dales.

(iii} When ancient seas or lakes ‘dried up’, the salts in solution remained as evaporite
deposits. The Cheshire deposit of sodium chloride is of this type.

Fossils

Fossils are found in sedimentary rocks. (The metamorphic processes are likely to

destroy fossil evidence in those metamorphic rocks which have been derived from

sedimentary rocks.) Fossils provide permanent evidence of life which existed in the

past. Fossils include:

- the hard parts of organisms such as shells and bones;

- moulds such as footprints;

- casts such as an infilled shell;

- rteplaced hard parts, petrified (filled with minerals) such as bones or tree trunk
fossils and ammonites.

Only very rarely have the soft parts of organisms been preserved: examples are

mammoths in permafrost or sabre-toothed tigers in tar springs near Los Angeles.
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The dating of rocks {(geechronology)

Radioactive ‘dating’

Radicactive minerals found in crystalline rocks can be used to date the rocks.
Radicactive minerals contain elements, such as uranium, which have unstable nuclei.
The nucleus of an atom in such an element may disintegrate spontaneously (decay) by
emitting a particle and energy.

When a nucleus (parent) loses a particle, it changes to the nucleus of a different
element (daughter).

The rate at which a particular element decays is constant; it is not affected by any
external process and cannot be controlled. Moreover, it is not possible to predict when
a particular atom will disintegrate - this is completely random.,

The half-life {(tis) is the time taken for half of the parent atoms to disintegrate; the
longer the half-life, the smaller the rate of decay. For elements with a very long half-
life, the rate is very slow indeed.

The radicactive ‘clocks’ starts when a rock crystallises and, ideally, when all the element

is in parent form. (It is reset when rock recrystallises, as may occur in the formation of

metamorphic rock.) The method can only be used if:

(i) no other losses and no other gains have occurred to either the parent or daughter
atoms;

(ii) the half-life of the parent is known accurately;

(iii) precise corrections can be made for amounts of daughter present in the rock at
crystallisation;

(iv) the actual process of crystallisation of the rock occurred over a short time span
relative to the age of the rock.

Usually, more than one dating method is applied, using different radioactive elements
and their daughter products. Agreement between the results implies a confidence in
the final value.

Fossil ‘dating’

Fossils cannot be used to find the absolute date of formation of a rock; however, since
particular organisms lived and died at particular times in the past, and, as a general
rule, younger rocks lie on top of older rocks, a fossil sequence is useful in finding the
relative ages of rock layers.
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For example, supposing in one place, fossils a, f and k are found in rock layers A, F and

K. Thatis:
Rock layer Fossils
K youngest k
F f
A oldest a
Many miles away, another sequence of rocks is visible:
Rock layer Fossils
M m
K k
F f
and by amalgamating the two we can extend the sequence:
Rock layer Fossils
M m
K k
F f
A a
In yet a third place, a different sequence is seen:
p p
K k
A a

Layer F is missing - perhaps eroded away before layer K was deposited.

It is not possible from this information so far to place P in the sequence - it is clearly
younger than A and K, but its position relative to M can only be determined when
further sequences of rock layers are found, which show K, M and P.
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The rock cycle

All the geological processes can be summarised in the Rock Cycle (Figure 6 below). It
shows how rock material is continuously recycled; this recycling takes place over a very
long time scale.
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ROCKS
PRACTICAL EXPERIENCES WITH ROCKS

Stream table

Suitable dimensions for a stream table are 1.5m x 0.5m x 0.1m (it can be smaller, but the
larger the better). It can be made from a disused drawer or large, shallow tray lined
with plastic sheeting to make it waterproof.

Outlet holes can be drilled at different heights; those not in use are plugged with rubber
bungs. The outlet holes should drain into a large container (aquarium, bucket) in the
sink to prevent sediments being washed out into the sink, causing drainage problems.
The rose from a watering-can provides the ‘rain’ and suitable test materials are mixtures
which contain a range of fragment size including sand, clay, pebbles and so on. Evena
spadeful of garden soil can be used. It is a good idea to put a small piece of turf directly
under the ‘rain’ to prevent too rapid erosion of the ‘sediments’.

The stream table can be left running for long periods of time and can be used to
investigate a range of phenomena. Details are given in Making Patterns 2, (pages 74
and 308) and Science of the Earth, (Unit 4). (See Additional Materials: A List of
Resources.)

watering-can ross }

# sadiments

4 suppon blocks
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Other stream investigations

Real streams can also be studied in a range of ways: speed of flow of water compared
on the inside and outside of bends and related to deposits of sediment; sampling the
water and examining it for suspended material and for dissolved material, and so on.

Making sedimentary ‘rocks’

Put a quantity of sand in some hard water in a bucket and leave until it is dry; by the
end of about a week, it will have set hard, making sandstone. [Hard water can be made
by bubbling carbon dioxide into limewater (calcium hydroxide solution) until the
precipitate first formed has disappeared again; this results in a solution of calcium
hydrogencarbonate (calcium bicarbonate).]

Modelling folds and faults

Plasticine in different colours is the ideal material for making models of folded rock and
of faults in rock; different colours can used to represent different rock layers. Layers of
coloured felt or a telephone book can be used in the same way.

A wrinkled table cloth models the way in which folds form in rocks.

Porosity of rocks

The porosity of different rock types can be studied and compared by weighing samples
before and after immersing in water. Coarse millstone grit is a good example to
demonstrate that rocks do absorb water (this is the rock type making up the Cow and
Calf rocks at Ilkley).

Weathering

Differential weathering of different minerals can be seen by examining, for example, the
statue of the Black Prince in City Square, Leeds. The statue is made of Aberdeen
granite and the different minerals are visible as different crystals (grains). If fingers are
run over the surface of the granite, it is possible to detect the pitting that has occurred -
the feldspars have been weathered leaving behind the more resistant micas and quartz.

The factors which are responsible for weathering can be investigated:

- samples of rock can be left in a freezer and oven alternately (extreme temperature
changes). Results are slow to achieve and demands a long term commitment to
remembering to change the samples over!

- samples of porous and non-porous rock can be soaked in water and frozen in a
freezer (ice shattering);
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The Earth’s mantle is solid:
teachers’ misconceptions
about the Earth and plate

tectonics

Chris King

Misconceptions about the state of the Earth's mantia and plate tectonics
seem to be common, even amongst those teaching the topics. How can

these ba overcome?

below. Figure 2 shows that half the teachers whoe
responded did not realise that the outer core is liquid
and that a third did nit know that the inner core s
solid.
The lower mantie
The Earth's lower mantle is solid, as indicated by the
seismic evidence, so why, when questioned at the
beginning of INSET sessions. did more than 80 per
cent of science teachers think it is either liquid, a pantial
liquid or a partial solid? Only 10 of the 57 people who
answered the question gave 'solid’ as the correct
answer.

Therc seem to be good reasons for this mis-
conception, as follows, .

The -s_sate of the Earth’s mantle

Why do so many people get it wrong?

Questions about the state of the different spheres of
1he Earth {from lithosphere to inner core) formed part
of a questionaaire compleied by 6 science teachers
who atiended Earth science INSET workshops, They
were asked to label the siate of each of the seclions
shown in a *sliver’ cross-section of the Earth (Figure
1} as solid; Viguid; mastly solid. some liquid (= partial
liquid); or mostly liquid, some solid (= partial solid).
Their answers are sumparised in Figure 2. In addition
o the misconceptions about the mantle, discussed

* A sepurale survey of 162 teachers currently feach-

ABSTRACT
Many scienca teachers who are asked questions
abeut the scientific background to plate tectonics,

" get the anawers wrong. This is net sumptising
because rarely have thay received tagching in
Eaith science during their own aducation. Their
main sowrce of information on the subject is
soiance textbooks tor 11-16 year-clds, some of
which contain errors, whilst some double-award
syllabuses and examinations also contain edrors,
This article discusses 1ha misconcaptions
revealad by the tsachers’ answers. It outlines
more accurala answers and explanations based
on established evidence and uses these to
provida a more complete undarstanding of plate-
tectonic proceases and the sinicture of the Earth.
Datails are given of interactive INSET pn this

" topic provided by members of the Earth Science
Educatipn Unit based al Keele University.

ing Nationa) Curriculum for Science {NCS) Earth
seience showed that nearly two thinds of them had
been 1aught no Earth science during their own
education, whilst most of the remainder had been
1aught very lindc,

* The main source of information thut the teachers
used for their Earth science teaching, according to
the same survey, was key slage 3/4 science course
textbooks {books for 11-16 year-olds). Some ol
these contain erronecus information about the
Earth (e.g. a textbook* published in 1997 with a
crass-section of the Earth carrying a label, “ourer
mantle nude of magma’ and another diagram with
the mantle labelled as “hot, sticky molten rock
called mugma’).

Sthool Stlence Review, September 2000, 82(208) 57
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#  Some GCSE double-award science syllabuses (for
: 14-16 year-olds) contain ervors (e.g. one current
% syllabus* states ‘The Earth has a layered structure
| consisting of ... o semi-solid mantle ...°, and
another®, ‘A7 plute houndaries, plates move
! towards each other, tuking rock inte the magma’)

- Earth's surface
Lithosphere

; ®  Some double-award science examination questions Asthenosphere

alsa contain errors {e.g. the 1998 specimen
questions from one Board* refer \o the ‘molien
mantle of the Earth’ amd the 1996 examination from
anather Board* shows the mantle as semi-solid).
| The Earth-science content of double-award science
I syllabuses and examinztion papers is discussed in
detail in King #7 al. (1998, 1999). These indicate
the scale of error and oversimplification in current
GCSE syllabuses and exams.
*  Some magmas do come from the mantle; however
no magmas have been detected coming frotn the
lower mantle.

Lower
mante

The upper mantle
The seismic evidence for the upper mantle indicates a
narrow zone thut contains a small amount of molten
; material, but is nevertheless 90-99% solid; this is the
i asthenosphere. When the science teachers werce
: questioned about the state of the asthenosphere, nearly
' half of them correctly thought it was a partial liquid,
but more than a third thought it was completely sulid.
In certain parts of the Earth (the constructive plate
margins), where temperatures are high and pressures
arc relatively low, molien material from the
asthenosphere ¢an migrate and accwmulale in magma
chambers. to provide the source of magma for
construclive margin volcanicity.

Why does it matter?

i It might be argued that knowing the states of the
: different spheres of the Earth is not important
teachers wha teach the Barth science component of
the NCS. However. if pupils are to gain a scientific
understanding of the evidence conceming the struclure
and propertics of the Earth, and of the explanatians
we have for these characteristics, then a knowledge of
their states s crucial. ’

Current understandings and the seismic evidence
for them are summarised in Table 1. It does not include
data on the crust. This is becausc the Earth spheres
included in the table are defined by their mechanical
characlenistics (their states). which is critical 10 the  Figure 1 The ‘sliver cross-seclion of the Earth that
understanding of plate tectonics, The boundary  teachers were asked 10 iabel. The diagram on the

beiween the crust and the mantle is nol a mechanical ~ AUestion paper was 22 cm high, giving a scale of 1
om to 245 km.

Outer
cone

{nner
core

Centre of
the Earh

58  School Science Review, Septembar 2000, 82(296)
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Plate tectonics and structure of the Earth

Lithosphere {solid)

Asthenosphere (partial liquid)

Mantle {below asthenosphere} (solid)
Outer core (lauid)

Inner core {sold)

Figure 2 Responsas o a question on the state of Earth spheres by 61 scignce teachers bafore Earth

science INSET {81 of the 76 ieachers asked responded

to the question}.

boundary: it is achemical one (the crust 1s made fargely
of silica-rich, iron-pour rocks, whereas the mantle is
silica-poor and iron-rich}. This chemical difference
results in differences in physical propertics that can
he detected by seismic waves, ullowing the position
f the crust/mantle boundary to be detected. However,
the crust/mantle boundary plays no role in plate
iectonics because the lithosphere comprises both the
crust and the extreme upper mantle. Thus if is inconect
1o refer 1o ‘crustal plates’ ay in some syllabuses and
textbooks: plates are made of the much thicker
lithosphere and so are ‘lithospheric plates'.

The importance of this to the understunding of plate
tectonicy is that the plates. being made of solid litho-
sphere, are rgid and so can be moved as solid sheets
across the surface of the Eacth, The asthcnosphere
beneath is near its melting point and contains small
amouhnts of liquid so that it is ductile. Thus, under the
huge pressures and in the great amount of time avail-
able, this Jargely solid material Mows, allowing the
plates 10 move. Indeed, we now know thal even the
sotid mantle beneath the asthenosphere can flow under
the intense conditions. Many people arc greatly
surpriscd to hear about flowing solids but. when they

Tabsle 1 Data on the differant spheras of the Earth.

Earth's sphere Depthkm Siate Evidance

Lithosphere 0—100 solid 'S’ waves transmitied

Asthenasphare -100—-250 partial liquid ‘S’ waves slow down, some
(90-99% solid) slowing of ‘P’ waves

Lowsr mantie ~-250-2891 solid ‘5" waves transminod

Outer core 2891-5149 liquid 'S' waves hot tranemitted;

‘P waves refracted
Inner core 5149-8371 {cantre) solid 'E' waves tranamitied

Nota: The whole mantie (the kower part of the lithasphers, the asthencsphare and the lower mantie

together) is §6-99.9% solid.
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are near their mehing points and pressures are high.
solids can and do flow. A more familiar example of a
flowing solid is the downhill movement of glaciers.

Is the ductile flow of the mantle the driving force
of plate tectonics? This is a matter of current hot debate
amongst Earth scientists. some of whom believe that
currents of mantle maierial are the main driving force
of the plmes. Others believe that the subducting part
of the plate sliding down into the mantte drags the
plate across the surface. Sril! others believe that the
sliding of lithosphere off the high oceanic ridges pushes
the pla:es along. Finally. other Eanth scientists consider
that plates are moved by a combination of all these
factors. Whichever of these ideas is corrzct. the ductile
nature of the mantle plays a key role. either as a driving
force or a means of allowing the lithospheric plates 10
slide. However. the fact that it is ductile does not mean
it is liquid. as discussed above,

Knowing the state of the Earth's mantle is
important 1o the understanding of seismic waves as
well. Pupils should be taught ‘that longitdinal and
rransverse waves are transmitted through the Earth,
producing wave records thai provide evidence for the
Earth's lavered structure” as stated in the NCS (DFE,
§9935). Il the mantle were liquid. or even mostly liquid.
it could not transmit 'S’ waves, since they can only
travel through a rigid medium (see below).

The outer core is liquid. but has no direct role in
the mnechanism of plate tectonics. However. its flow
seems 10 be the generating mechanism for the Earth's
magnetic field. Geomagnetic evidence has plaved an
important part in unravelling the plate tectonic story.

How do we know?

Most of the evidence that indicates the structure and
properties of the deep Earth is seismic evidence.
Indeed. we use subsonic earthquake waves in much
the same way as ulirasonic waves are used in medicine
{c.g. for scanning the unborr child in its mother’s
womb).

The two main sorts of waves generated by eanh-
quakes are surface waves and body waves. [t is the
surface waves that cause damage, as with the recent
devastation in Turkey. Body waves travel through the
Earth and there are two sorts. the primary or ‘P waves
{longitudinai or compressional waves that travel
through solids. liquids and gases). and the secondary
waves or 'S8’ waves ltransverse waves transmitted only
by solids and not by liquids or gases).

Both "P* and "S* waves travel through the litho-
sphere. indicating that it is sohid. They both also travel

B0  Schooi Science Review. Septernber 2000, 82(258)
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through the asthenosphere. showing that i teo is large|y
solid. However. the fact that they both slow down by
some 6% in this zone (the zone of ~lower frave] 1;
known as the "low velocity zone™ 1 indicates that ther-
is some fiquid in this region (1-10% 1. P  and 'S wave;
travel at increasing velocity through the rest of the
mantle. indicating that it aiso is solid rnot 'molten”. or
‘partly molten” or “semi-solid’, or even “slicky ™. as in
some textbooks. syllabuses and exam gquestions).

At the boundary between the mantle and the outer
core, 'S waves are no lenger transmitted. indicating
that the outer core is fiquid. Further evidence for the
tiquid outer core comes from the refraction of 'P” waves
which. as 2 result. are not recorded in certain parts of
the Earth (the P-wave shadow zone) and amrive later
than expected in other parts.

Evidence for the solid inner core is more complex,
As P waves travel through boundaries within the
Earth. they generate *S” waves and simlariy. "S" waves
generate P waves al boundaries. Thus ‘P* waves thar
have travelled through the mantle and the liquid outer
core generate *S” waves at the boundary of the inner
core. The *$" waves that travel throvgh the inner core
generate ‘P" waves at the inner corz/outer core
boundary en the other side. which can eventually be
detected orsthe far side of the Earth. This is the explan-
ation for a sat of “F” waves that arrives on the far side
of the Earth much later than expected.

Thus sgismic date have produced crucial evidence
fur the Earth’s layered structure as well as for the
mechanisms that cause plate movemenlts.

Plate tectonics — evidence and
explanation

Plate tectonics i now z comerstone of our under-
standing of the Earth. from local 1o global scale. The
development of the theory in the 1960s revolutionised
our undersianding of the planetl on which we live.
Many of the insights it has provided continue to be
expiored todav. Plate tecionics is 1aught o pupils at
key stage 3 (11-44 year-olds) in geography, but usually
as a factual model. I science teachers are to take this
factual knowledge and treat it scientificatly, then
scientific evidence and explanation must be iniroduced
to build on, and extend or modify, puptis’ prior
knowledge.

The scientific evidence and explanation approach
is the focus of the “Plate Tecionics Imeractive” work-
shop being offered at minimal cost to schools by the
Earth Science Education Unit based at Keele
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| l O
Generally Party Badly
night wIong wrong
| I

I i
]

] Q1 On across saction, draw a ling to indicate the thickness
ol the crust (93%)

] @2 Ona graph shawing P-wave velocity change with depth,
draw how S-wave velocities change with depth (82%)

] @3 On a drawing showing the ancient 'supercontinent’ Pangaes
partially assembled, s

where Antarctica, tndia and Australia

would fit {824}

I | | Q4 On a map of volcano distribulions, indicate which are iikely to

hava magma of mantla origin and which of pate-medt origin (71%)

I —

] @5 0n a map of earthquake dislibulions, indicate which are mast

likaly 1o be of deap focus ongin (63%)

0 20 49 &0 B0 100 %

| —} @6 Compare a graph of heat flow trom the Earth ta show the plate .
tectonic contaxts whare heat fiow is Iikely 10 be high & low (62%}

] Q7 On a cross-saction of the Earlh, label the slates (solid, parial
solid, partial liquid, kquid) of the layers, from lithosphare lo innar
core [79%)

T — ] Q8 Complate a graph to show how density changes with depth

in tha Earth (66%)

Figure 3 Teachars’ responses 10 questions on plale tectonics and the structure of the Earth betfora Earth
stience INSET {ihe percentage of the 76 teachers who responded 1o the queslion is shown in brachats).

University. In the workshop. science teachers are taken
stage by stage through the “facts’ of plate tecionics
{most of which are hypotheses), the evidence we have
for them and exptanations for the mechanisms that
drive them.

The dats on misconceptions about the Earth
spheres, discussed above, came from question 7 of a
scries of eight guestions relating to the plaie-tectonic
evidence and explanation that teachers were asked pricr
1o recent workshops. Their responses w all eight
questions are shown in Figurc 3; comrect answers to
the questions are given in Table 2.

Discussion around the questions during the work-
shop takes teachers well beyond the knowlcdge and
uiderstanding currently necessary for answering most
GCSE double-award science questions. It is intended
Io give teachers a sound understanding. not only of
the mechanisms of plate 1cetonics, bat of the methods
Earth scientists use to study plate-lectonic processes
and their products.

Given that thexe questions are so closely linked 10
a stientific understanding of plate-tectonic theory, it
Gof greal concern that so many teachers made signific-
ant errors in answering them (in Figure 3 and Table 2,
the term badly wrong' means that the answer given
Cortained at least two errors and showed major mis-

undersianding of the factors involved). Of particular

concermn is thak:

. nearly half the teachers asked had no real concept

of the scale of the crusi relative 1o the whole Earth
and so probably misunderstand the scale of plate
processes;
a third of the teachers had little idea of how *5°
wave velocity changed with depth and the evidence
provided by this for the structure and stae of the
Earth;

4 threc-quarters of the teachers did not appreciate
how the supercontinent Pangaeca nccded to be
reconstrucled (rom the first principic of where the
confinents are found relative 10 one another today,

* half the teachers did not appreciate how
earihquake-depth evidence can be used lo suppori
plate-tectonic theory:

a guarter af teachers did not appreciate the
importance of the heat-flow evidence:

~ tnost teachers had wrong ideas about the state of
the different Earth spheres, and .
nearly a third of tcachers did not apply physical
principles 10 an understanding of the density of
the Earth.

Schoal Sciance Review, September 2000, 82(208) 61
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Table 2 The plate tectonic assessment questions, answers and lurther detail {n = 76).

Ouestion Answer % of Imporiance for piate-tectonic
teachers evidence/oxplanation
responding
who got this
badly wrong

Q1 On a cross-seclion, The mean continental crust 49 The lithosphere, of which the

draw a lina 10 indicate the thickness is 33 km. The the crustis a part, is only a very

thickness of the crust, maan oceenic crust thickness thin rigid shell on the surface of
is 7 km. The mean thicknass the Earth.
lagether is abowt 15 km.

G2 On a graph showing  Below tha asthenosphere, °S’ M Sinca 'S’ waves ars lransmitted

the change of 'P” wave wave valocities risa steadiy to through the mantla, it must be

velocity with depth, draw  the mantis/outer core solid; that they do not pass

how 'S’ wave velocities boundary, whars they suddenty through the outer core shows

change with depth. tall io zero. that this is liquid. Steadily

increasing 'S’ wave velocities
through the mantie reflact
increased rigidity.

Q3 On a drawing showing Mogt reconstructions put the 74 Reassembling Pangaea is not

the supercontinant Antarctic Peninsula of Antarctica simply a figsaw puzzie. The

Pangaea party re- betweon the southam parts of current positions of the

assembied, show where S, America and Africa: India is contnents must be taken into

Antgrctica, Australia and  positionad in the triangular gap account when placing them in

Indta would 1. between Aniarctica and Africa their previous positions. N, as in

and Austrakia is adjacent to Incka, somae incorect answers, for

jolned to Antarctica, example, inda is poeitioned
adjacent o Europe, this shows
misurderstanding of the scope
of plate lectonic movement.

04 On a map of velcane  Oceanic ridges have voicances 9 Plate-tactonic processes are

distributions, indicate that derive magma from the mantia. the undertying cause of the

which ars likely 1> have Vulcanoas associated with chamical diferentiation that
magma of mantia origin subduction zones have magma forms the ocaanic crust thugh
and which of plate-melt derived from the partial mefting ot the partial melting of mentle
onigin. the subducting piate and tha rocks, Similay processes form
asthenosphera above [water thae silica-rich continental crust
carried down by the plale reduces through the partial melting
the: maiting point of these rocks). associated with subducting
plates (resutting largely from
their high waler conlent).

a5 On amap of Deep focus earthquakes occur &2 Earthquakes become deeper in

earthquaks distributions,  where cold rigid subducting tha direction in which tha plate

indicate which plates plunge into the manile, is being subducied. Deep fucus

earthquakes are kely to earthquakes are therefore

be of deep kocus origin. evidence for subduction and
show the direction of movement
of the subducting piate.

62  Schoot Science Raview, September 2000, 82(29R)
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Question Answer % of importance for plale-tectonic
teachers evigence/axpianabion
responding :
who got this
badiy wrong

6 Complete a graph of  Heat flow is greater over ocean 25 Tha meduction in heat flow

heat fiow from the Earth  ridges, ie lowsr near trenches adiacent to renches is evidence

Io show the plate tacionic  where subduction cccurs and for subduction, sinoe # is

conlexts In which heat fites again in volcanic areas sxplained by the slab of cokd

fow is likely to be high  beyond trenchas, ithosphare being subducted
or low. into the hot mantle.

Q7 On a cross-section of ﬂuamwars(mTablen 77 This is discussad above. The

the Earth, label the siates  are: fithosphere — rigid lithospheric plates are

of the iayers (solid, partial  asthenosphers — pamalhquud anabled 1o move by the ductie

solid, patial Kquid or lower mandle - solid, flow of the parladly bguid

liquid), from kthosphere to  outer core — liquid, {1-10%) asthenosphare and the
inner cove. innar core ~ solid. s0lid lower mamte.

Q8 Complete a graph Ceansity incraases with depth, 30 Density is controlied largely by

o show how density Sudden increases in dansity the preasure of the overtying

changes with depth in the  occur al the crustimante, material, and $0 must increase

Earth. mantiefouter core and outer with depth. Sudden changes in

corefinner core boundaries. dangity reflect changes in
chemical composition of
physical stats.

However, i1 was encouraging that so many of the
weachers were able to link the positions of volcanoes
to the sources of magma from which they are derived,

_Dealing with the misconceptions

There is heartening evidence that the 'Plate Tectonics
Interactive” workshop provided by the Earth Science
Education Unit tcam makes a difference. The limited
pumber of teachers who were ssked to complete the
plate-tectonics assessment again afier the workshop,
showed marked improvements in their answers 1o the
majority of the questions. Some of the comments on
recent workshops have concluded: “row have a greater
depih of undersianding to explain plate tectonics™,
“have more confidence with improved knowledge';
‘Wil include new ideas in our scheme of work';
‘excellent’.

Unforwinately. only a few science teachers in recent
months have been able to anend workshops provided
at Association for Science Education (ASE) and Earth
Science Teachers' Association (ESTA) regionzl and
nalional conferences. Novertheless, the real necd for
INSET in this aren has been shown by:

School Science Review, Septembar 2000, 82{298)
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"  the level of miscenception amongst the teachers
whao teach the Earth science compaonent of the
National Curriculurs for Science;
the poor information provided by a number of
stience textbooks, xyllubuses and cxaminalion
pupers:

- the fact that, of more than 100 teachers of Earth
science surveyed. nearly a half expressed a high
level of interest in anending Earth science INSET
and only aboul 10% expressed little or no imerest.

The ‘Plate Tectonics Interactive’ workshop, aimed at
key stage 4 {for 14-16 year-old pupils), begins with a
review of the plate-iectonic understanding that pupils
might be expected to hring to science from key stage
3 geography. By means of a series of slides and
diagrams, and through an emphasis on evidence and
explanation, the main plate-tectonic processes are
discusscd from a scientific perspective. Finally, a series
of activitics that can be used to consolidate plate-
tectenic understunding in a practical way are reviewed
and demonstrated. These are all taken from the booklet,
Gevlogical changes — Earth's structure and plate
tectonics (King and York, 1996).
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The positive feedback on the plate-izctonics work-  teaching approuches 10 the pcople whe matter — the
shop, and the other Earth scicnce workshops onoffer,  teachers who are teaching this matetial on a day-10-
indicates that this interactive-workshop approach can  day hasis,
bring interesting, relevant and engaging Earth-science
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Appendix

Some comments on children's ideas about Earth structure, volcanocss,

earthquakes and plates

John G. Shamp, Margaret A. P. Mackintosh & Paul Seedhouse

Introduction

National Curricuium orders continue to require that children
study the nature, cause and effect of earthquakes and volca-
noes, including the human response towards them, and this is
welcomed. Whether implicitly at ey Stage 2 ar explicitly at
Key Stage J, it seems more than appropriate that learners of
all ages be given the opportunity to investigate globally signifi-
cant events which, amongst other things, affect the lives of
many year after year.

Surprisingly, however, very little information exists regarding
primary children’s ideas about such matters. What does is
summarized briefly as follows. Ross and Shuell (1993) deter-
mined from ninety one American kindergarten to sixth grad-
ers that although children associated earthquakes with shaking
and trembling and the destruction of buildings. or the splitting
open and cracking of the Earth, most could not describe any
causal mechanisms ather than through a casual asseciation
with volcanoes. A few older children did mention plates but
their ideas about plates were not followed up. An interesting
association between earthquakes and volcanoes was also noted
in secondary aged children from Mew Zealand by Happs
(1982). some suggesting that mountains could become volca-
noes if shaken by earthquakes but peaks with snow an could
noL Mountains themseltves are often chought by some young
children to have been made by “God” or “man” out of “stones
or dirt” (Piager, 1929). In a study involving UK children's ideas
about rocks, soils and the weather, Russell et al. (1993)
determined that infants and juniors had, quite undersmndably,
a poor knowledge of the Earth’s intermal structure, though
some improvement did occur following intervention. Lillo
(1994) has provided us with a more deuiled and valuable
insight into children's ideas about Earth structure from 10 to
|5 year olds in the Pontevedra area of Spain. Clearly much
basic information still needs o be made available, information
which is essential to understanding progression and develop-
ment throughout all the Key Stages not just in primary.

In this article, we present some of the more exotic and
unusua! findings of a brief cpportunity investigation concerming
earthquakes, volcances and other related phenomena with
thirteen, mixed abllicy, Y5 boys and girls (%-10 years) from a
county primaz in Devon. & outcomes were particularly
instructive as they gave us an insight into some children’s pre-
instructional, intuitive and partially informed ideas and the
extent to which they could be influenced, with obvious impli-
catians for teaching and learning.

Children’s ideas

Informal interviews, involving questions and short tasks, were
conducted just after the disastrous Indian earthquake in
Maharashtra State east of Bombay in September, 1993, in
which thousands of people lost their lives in the one town of
Khilari alone, and the Los Angeles earthquake of January, 1994,
both of which measured c.6.5 on the Richter Scale. These
earthquakes were widely publicized at all levels and many of
the children could recall their occurrence.  Television and

other media images of these events clearly had some impact.

on their ideas.

In the work undertaken here we focused cur attention initially
on Earth shape, surface features and internal structure. Earth
shape might seem an unusual snr:in# point, but many children
are known to possess and display ‘flat’ Earth viewpoints {e.g
Sharp and Moore, 1993} which would be significant when
proceeding to explore other areas.

What shape is the Earth? prompted a variety of responses
including “round”, “balf shaped”, “it's a sphere™ and “a circle”.
This was known from books, globes and television. One child
provided evidence from another area of the primary curricu-
lum: “Columbus found out when he went around the worid.”

All chase a sphere from a tray of mixed 2-D and 3-D shapes.
Reasons for their choice came from a comparison with the
other shapes available and logic e.g. “it's a whale not a half”, "if
it was a square or a circle you might fall off the edge”. When
prompted tc draw what the Earth might lock dike from space,
all drew a circle, variably annotated with continents, coun-
tries, islands, seas, oceans and ciouds (e.g. Fig.t). The differ-
ence besween a continent and a country was generally not weil
understood, a commen feature in young children. When
presented with a physical globe, alf of the children recognized
it as 2 model representation of the Earth. Land was easily
distinguished from water and some were abie to provide the
proportion in which they occurred. ‘Spherical’ Earth conceprs
seemed likely in all cases.

Ankar i co

Figure [. Chitd’s annotated freehand sketch of the
Earth.

What is inside the Earth! proved an unfortunate but neverthe-
less instructive question resulting, unsurprisingly, in the re-
sponses “tarmac”, “bricks”, “skelecons”, “pipes”, “old s,
“dead plants” and “centipedes”. Modifying the question ap-
prapriately we were able to establish that eleven of the sample
group thought the Earth completely solid and uniform through-
out, the two exceptions describing it as foliows (probably from
a knowledge of caves):
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“It has a middle hole surrounded by earth and soil.”
"It might be hollow but it depends where you dig to what you
will find.”

Probing conditions inside the Earth, five thoughrt it warmer,

five cooler and three held mixed views, eg.:

“The Sun heats up the Earth, it's very hot inside, like tez in
"

teapo!
“kt's hot, lots of hot air and rocks burning. It's hotter in the
middle.

“It’s made of rock there but there's no light. It glows from the
heat”

"It's colder in the middle of the Earth because the Sun can't
reach it.”

“It’s cold under ... water is cold that comes from inside the sea
and saaks into the ground ™

“It's cold inside. Winds blowing make it colder inside .... winds
of the Earth.”

“Heat comes from the Sun. lt will be colder in the winter and
warmer in the summer.”

Most of the children held a view that the Earth’s interior
would also be dark, e.g:

“It wilt be dark because there's no electricicy.”
“Underground it's dark because no sunshine gets in."

Probing earthquakes proved effective, probably, as mentioned
earlier, a result of the major incidents that had taken place in
India and the United States. Responses were very similar to
those obtained by Ross and Shuell. Although three children
expressed some uncertainty with the concept, most associ-
ated the word with a cracking or splitting of the ground,
events which could last anything from “10 seconds” to “|
week”. Other comments included dhe following:

“lt happens by earth movements, it crushes and shakes ... the
iaind cracks very deep ... they keep happening in the same
place.™

“They happen in hot countries, it gets hot and the earth
cracks. You get some here but you can't feel them because it's
not hat here.”

“Earthquakes are caused by heat from inside the Earth.”

“An earthquake is where a volcano erupts, the ground cracks
up because the Sun is really hot”

“¥Vhen a volcano gets really hot it shakes the land and causes
earthquakes.”

“God gets really angry.”

Some responses indicated confusion with other types of earth
movement and process:

“Earthquakes are where racks move, the rocks are loose so
that’s why it happens. There are lots of earthquakes near
beaches where rocks fall down.”

Moving on to volanoes, we discovered that one child had
never heard of them while others were mare informed. Most
saw them as traditional, conical shaped, surface landforms but
were unable to give examples or locations of where they could
ba found. Comments included:

"A volaano is a lictle thing with rocks around it ... they are
everywhere.”

“Lava bursts out when it's hot ... the hear comes from the
Sun.”

“Lava comes from underground in the core. It comes fram
the ground up a tube in the mountains.”

None of the children had any idea of continental movements
or had heard of the word plate used in this concexc. Plates are,
after all, what you get your dinner on!

Intervention

With the short time available to us, we attempted to influence
the children's ideas using video matarials suitable for their age
phase, and by allowing them to carry out several classroom
based activities. Some important changes were noted in the
post-intervention interviews, only some of which are pre-
sented here. Earth structure was better known (e.g. Fig.2) and
accounts of earthquakes and volcanoes included the following
statements:

“When the land breaks up, one side of the land pushes so hard
that it makes the ather side of the land suddenly let go.”
"The vibrations {caused by the LA earthquake) went through
Europe caused by two pieces of the Earth’s crust going to-
gether and forming an earthquake.”

"Magma which is under the Earth moves around, the magma
cracks the surface and starts to flow aur. This is what we call
lava.”

“The crater is made by the explosion. The explosion is a large
thing.”

“Like an earthquake, volcanoes occur where the Earth’s crust
is weak.”

I nqu e

Yo  ocsth

Cragt

Figure 2. “Inside the Earth”, Time did not permit an
exploration of the child’s knowledge and understonding
of the terms used,

Sketches and explanations were often very specific and in-
cluded the use of much technical Janguage (&2 Fig.3).

Most of the children seemed happy to accept that at
some time in the past the distribution of land masses might
have been very different to how they appear today. although
their accounts of events varied:

“Large earthquakes split them up and they kept floating untl
they stapped at a certain place.”

“Land may splic and float away caused by earthquakes and
volcances.”
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Figure 3. “It’s [lke a mountain. Lava from the centre of
the Earth ts and comes down. Heat couses the
fava. it looks red, shiny and hot, It’s soft but settles and
hardens and becomes rock. It can change the Earth,
make rocks and change houses.”

“A plate explosion moved chem and they floated on water.”
“Plates are still moving becausa earthquakes still exist.”

Conclusion

The fact that children's explanations and accounts of natural
phencmena, familiar or abstract, often differ from currently
accepted scientific views is well known and documented. |n
the examples presented here, it seems reasonably clear where

Americe
South

Figure 4. Child's sketch of previous landmass distribu-
tion from their own ‘best fit’ reassembled continent
Hgsaw',

members of the sample group were drawing on their own
everyday experiences as well as other sources to help them.
Even after some intervention, individual respanses were not
always what we expected. In some instances, the children
appeared to have at least been sufficiently chalienged to con-
sider the new information presented to them and their own
interpretatian of it In cne case concerning plates and plate
movements, for example, it was said thae

“Water may split them apart Floating can’t work because
you'd feel them move.”

Within a constructivist model of learning, the ideas and no-
tions such as the ones we have chosen 1o present and highlight
here must be taken seriously by teachers at all levels and
appropriate steps taken to help iearners accommodate new
meaning: easier to say than do. Stimulating and maintaining
interest in the areas considered, halping children to find out
and clarify their own ideas before and after presenting them
with others, and gerting them ta recognize the significance of
what they have found out including its relevance to averyday
life must surely be uppermost in our minds.

Az Rolle, as a result of this and other small surveys of ideas, we
have embarked upon a structured programme of eliciting and
clarifying primary children’s knowledge and understanding in
the field of Earth and Space sciences with the intention of
working towards principled teaching strategies to promote
effective challenge and, hopefully, change, which we hope o
share in the nat tao distant future,
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Children’s understanding of Earth systems phenomena in Taiwan
Maan Jiang Broadstock, Tainan Teachers College, Taiwan, Republic of China

INTRODUCTION

In the early 1970s, research in science education began to focus on the
conceptual learning process that lies behind students” thinking in particular
science domains. Much research has been done and is still being done in
understanding students’ science ideas. These studies show that students
coming into a learning environment bring their own conceptions of the
world (Osborne, 1984; Engel & Driver, 1986; Solomon, 1985; Gil-Perez &
Carrascosa, 1990). Despite what teachers teach about science, many students
maintain their early and alternative conceptions of the natural world for
several vears and even into adulthood. These ideas are constructed by
children through their perceptive experiences in daily life. These concepts
that children wuse to explain natural events with respect to their own
experiences make sense to them and are therefore difficult for a teacher to
change. The ideas students possess prior to formal instruction are considered
the single most important factor influencing learning (Ausubel, 1968).
Concept learning studies can aid curriculum developers in designing
curricula and instructional materials that begin with what students already
know and explicitly contrast children’s ideas with scientific explanations
{Eaton, Anderson, & Smith, 1983).

Students” alternative conceptions in earth science have been
investigated since the 1970's. Although the number of studies dealing with
earth science is dramatically less than the numbers of studies in other fields,
such as physics, chemistry, and biology, the findings from these studies have
provided information to help science educators understand children's ideas
about Earth systems. Nussbaum and Novak (1976), Nussbaum (1979), Mali
and Howe (1979), Klein (1982), Sneider and Pulos {1982), Vosniadou (1989),
and Crews (1990) investigated children’s ideas about the shape of the Earth,
gravity, and the relationship between the Earth and the Sun. The results of
these studies, some of which were cross-cultural and cross-age, showed that
many children hold alternative conceptions about the Earth and its gravity.
The concept of the Earth develops with age within an individual by a series of
transitions from the most egocentric notions to a scientifically compatible
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one. Jones, Lynch, and Reesink (1987), Sadler (1987), Treagust and Smith
(1989), Schoon (1989), Baxter (1989), Dai (1990), and Vosniadou and Brewer
(1990) identified students’ misconceptions about the Earth, day and night,
seasons, and the phases of the Moon. Baxter {1991) also developed an
astronomy curriculum and teaching strategy to overcome students’
alternative conceptions. Jones, Lynch, and Reesink (1987) also stated that
elementary students” ideas about the relationship of the Earth and the Moon
closely match the historical development of the scientific explanations. Piaget
(1972a, b), Za'Rour (1976), and Stepans and Kuehn (1985) used interviews to
investigate children’s ideas about wind, rain, and weather phenomena. They
claimed that children’s expianations of these natural phenomena developed
through stages from more animistic, egocentric views to true causality. The
findings of concept learning research related to natural phenomena can be of
extreme value to science educators. Taking account of children’s prior
experiences can provide teaching strategies better adapted to students {Driver,
1983).

The focus of this study is an exploration of the conceptions about the
Earth systems held by elementary students in Taiwan. The purposes of this
research are (1) to identify children's ideas about selecied Earth systems
phenomena, (2) to investigate the origins of children’s beliefs about these
natural phenomena, and (3) to describe the characteristics of children’s
explanations. In this study children’s alternative conceptions about three
Earth system domains were investigated:

(1) astronomy (day and night, the phases of the Moon, and seasons),

{2) meteorology (rain and wind), and

(3) geology (mountains and rivers).
These topics are all taught in the elementary science curriculum in Taiwan.

METHOD

Twelve elementary school students (one boy and one girl from each of
grades ene through six) were chosen to find cut how they explain selected
Earth systems phenomena. To establish trust and gain rich information, the
sampling method used in this research was purposive sampling. The subjects
were to be children who could easily express their ideas. Having goed rapport
with them, especially for the younger children, was the priority. Thus, the
source of subjects was the children whom the researcher already knew well or
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school children recommended by elementary teachers.

Each subject was individually interviewed twice with a week between
interviews. The interviews took place in school playgrounds, libraries, or
subjects” homes. After establishing rapport, an open-ended conversation
about interview topics was conducted with each child in an unthreatening
atmosphere. The sequence of questions for each interview was changed
according to the unique responses of the child. Each interview took thirty to
forty minutes. The interviews were tape recorded, and field notes including
subjects’ drawings were taken. A reflective journal was completed after each
interview. Interview strategies changed as the study proceeded to establish
better rapport with students and to obtain broader and more in-depth data.

All the interview data were transcribed in Chinese. Three researchers
independently checked the transcriptions and coded the data.  After
consensus discussion between researchers, a final coding list was established
from the transcriptions and children’s drawings for data analysis.

RESULTS

Based on the purposes of this research, three major categories were
used in data analysis: (1) the origin of children’s ideas, (2) the types of
children's alternative conceptions, and (3) the characteristics of children’s
explanations.  Each category contains a list of subcategories presenting
different attributes of the category. The list of subcategories was Initially
derived from literature review and evolved during data collection. A

summarized list of the coding categories is shown in Table 1.

Earth and Space Science -145 - Appendix



Table 1: The coding list for data analysis
A: The origins of children’s ideas.

Al: immediate physical experiences

AZ: language, metaphor, and cultural sayings
A3: beliefs and opinions of peers or parents
A4: formal instruction

Ab: reading children’s books

A®b: religious background

A7: television

A8: science museums

T: The types of children’s alternative conceptions.

T1: animism--endows objects with feeling, will, or purpose

T2: artificialism--feels everything is intentional and created for the good of
man

T3: finalism--possesses a compulsion to explain things

T4: human-made

T5: God-made or supernatural

Té6: mechanism--explains things using mechanical processes

T7: scientific ideas

C: The characteristics of children’s explanations.

C1: personal

C2: inconsistent

C3: stable

C4: uses logical thinking; the ideas make sense to subject
C5: confuses causes and effects

C6: uses illogical thinking; the ideas are unrefated
C7: subject contuses the information

(8: explanation begins correctly but ends incorrectly
(C9: explanation begins incorrectly but ends correctly
C10: incoherent

C11: gives two kinds of explanations simultaneously
C12: uses description as causality

The first major category concerns the origins of children’s ideas. The
subcategories were drawn from the interview data. Five of the origins, ie,
immediate physical experience, everyday language, metaphor and cultural
sayings, beliefs of peers or parents, formal instruction, and religious
background, were also stated in earlier studies (Sutton, 1980; Louisa & Veiga,
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1989; Hewson & Hamlyn, 1985; Driver & Erickson, 1983; Solomon, 1987).
During data collection in this study, children’s books, television programs,
and science museums emerged as three additional subcategories.

The second major category concerns the types of children’s alternative
conceptions.  The following subcategories, which were found in the
interviews, came primarily from the studies by Piaget and his followers
{Piaget, 1972a; Fuson, 1976; Stepans & Kuehn, 1985). The definition and an
example of each type of explanation are listed below.

1. Animism : Children endow natural objects with feeling, consciousness,
and emotion. For example, the first grade girl claimed, “The rain is because
clouds are hurt and feel sad, so they cry.”

2. Artificialism : Children feel that everything is intentional and created for
the good of humans. For example, the second grade girl claimed, “Wind is
because it wants to make humans feel cool and comfortable.”

3. Finalism : Children possess a compulsion to explain natural events, or
children believe that a natural phenomenon is a simple finality in
accordance with ordinary common sense, giving little regard to the origins
or the consequences of this phenomenon. For example, the first grade boy
said, “Spring, summer, autumn, and winter are names of seasons to have
different climate. It just changes. ”

4. Human-made : Children think that natural phencmena are caused by
human powers. For example, the fourth grade girl said, “There are two
kinds of mountains. One is made by humans, like you can see these
amusement parks in the mountains; those are human-made. The other
kind is formed by nature.”

5. Ged-made: Children believe that natural phenomena are caused by God.
For example, the fifth grade girl stated, “The King of Ocean manages the
rain. Every spring he releases water to the ground to help crops to grow.”

6. Mechanism :  Children use mechanical processes to explain natural
phenomena without involving human qualities. For example, the sixth
grade boy said, “When the Earth goes around the Sun, it blocks the
sunlight to the Moon. Thus, the shape of the Moon changes.”

7. Scientific ideas: Children hold ideas that are accepted by scientists and by
their teachers.

The subcategories for characteristics primarily arose during data collection.

The findings support the statement in the book by Driver, Guesne, and
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Tiberghien (1985) that the characteristics of children’s ideas are (1) personal--
some children’s ideas arise from very personal experiences; (2) incoherent--
children’s ideas are inconsistent and lack relevance; and (3) stable--children’s
alternative conceptions exist consistently and are difficult to change. During
the interviews, nine other attributes of children’s explanations emerged (see
Table 1).

About the topics

A summary of subjects’ descriptions of each topic is listed in Table 2.
The interview topics were chosen from events in daily life with which
children are familiar. Most of the subjects had learned these concepts in
school. Among the interview topics, the concepts of day and night, rivers,
and rain were easier for subjects to understand than other topics. This may be
because children can directly observe these natural events. They explained
that they had watched heavy rains form small streams on the ground and
erode topsoil, and they had seen steam come out of a teapot and condense
into water droplets on a cool surface. Although children cannot physically
sense the rotation of the Earth, they indicated that they can apply the
experience of facing toward and facing away from a source of light to help
explain this phenomenon.

The phases of the Moon, seasons, mountains, and wind were too
abstract for subjects to comprehend completely. None of the subjects held
scientific ideas about the phases of the Moon or the seasons. Even though
some children had been taught these concepts in science classes, they
misinterpreted what their teachers had taught. Although they used the right
terms and correct models, these terms did not correlate with the ideas they
had already constructed deep inside their minds. Everyday experiences had
also misled subjects” ideas about wind and the formation of mountains.
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Table 2. Summary of subjects” descriptions of interview topics

Brief descriptions

Subjects

. The Earth rotates every 24 hours,
causing day and night.

. The Sun goes around the Earth.

. The Sun and the Moon are alive.

6FM,5M,
4M,3F,2M

SF 4F,3M,2F, 1FM
5F,3M,2F,1F

1. The Earth blocks the sunlight to the Moon.

. The clouds block the Moon.
. The Moon ar Sun moves, shifting the shiny part.
. The Moon is alive can change its body shape.

6FM,5M,4F,2M
4F 3F1F
5FAM

3M,2F, 1M

. Earth’s revolution causes differences in sunlight.
. Angle of sunlight to X-axis of Earth’s revolution.

Winds cause the change of the seasons,

. The clouds block the Sun and cause the seasons.
. Seasons are controlled by ghosts or Gods.

. The Sun takes a rest in winter.
Seasons are natural events; no need for reasons.

Earth is closer to Sun in summer, farther in winter.

6F

5M
6M,4FM,3F
5F.3M,2M
1F

5F,1F

2F

1M

The Earth’s crust movement makes mountains.
Mountains are formed through erosion by rain.
Mountains are pushed up by the current of oceans.
Mountains are human-made.

. Mountains are for impressing humans.

6FM,5M
4FM,3F

M
5FAF,2F, 1M
IM1IFM

. Water in rivers comes from rain, and

rivers are caused by erosion.

Rivers are God-made or human-made.

Rivers are tears of children whose mother died.

6FM,5M,4F,
4M,3FM,2M,1F
IM,2F, 1M
2F,1F

. The convection of cold air and hot air.

. Wind is moving air caused by moving objects.
Wind 1s the breath of the clouds.

Wind is created and controlled by God.

Wind is strong and is related to rain and oceans.

. Wind 15 caused by pressures from ocean and Earth.

6F AM.
6M,5M
4F,3F,2M
3M,2F,1F
5F

M

Topic
1
Day/
Night 2
3
Phases
of the 2
Moon 3
4
1
2
3
Seasons 4.
5
&
7
8.
1.
2.
Moun- 3.
tains 4.
5
1
Rivers 2.
3.
1
2
3
Wind 4.
5.
6.
1
2.
Rain 3
4
5

. Water evaporates, condenses, and drops as rain.
Water evaporates; clouds and winds make it fall.
. Rain is the tears of the clouds or of a mother.

. Rain is created and controlled by Gods.

. Rain comes from oceans and has human emotion.

6FM,5FM,4M,3F,2M
4F,2F, 1M

2F,1F

5F

M

The types of children’s alternative conceptions
A summary of the types of explanations subjects held is shown in

Table 3. Subjects” explanations suggested a variety of alternative conceptions.
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The results show that the types of explanations used by subjects were more
closely related to the characteristics of subjects’ thinking rather than the
interview questions. Younger subjects were more likely to display animism,
artificialism, and finalism. They were more egocentric and defined concepts
based on appearances.

Mechanistic ideas were held by older children or those who had
reached the concrete operational stage.  These ideas developed through
logical reasoning and matched students’ physical experiences.  Because
mechanistic ideas make sense to children, these ideas often are more difficult
to change and may persist into adulthood.

The idea of “human-made” was found primarily in subjects’
explanations about mountains and rivers. Students often confused human-
made constructions as part of mountains and rivers, thus believing that
mountains and rivers are formed by humans. The idea of “god-made” was
held by students who had been strongly influenced by religion either at home
or from reading. These supernatural ideas existed with other explanations
simultaneously without conflict.

Subjects often used the same type of explanations to explain the causes
of day and night, seasons, and the phases of the Moon. Each subject
consistently used their own model to represent the relationships between the
Sun, [Larth, and Moon. While answering the questions, the subjects’
alternative conceptions about their models became clearer and made more

sense to them.

Children’s alternative conceptions arise from many different sources.
Physical environment appears to have the strongest influence. Subjects
actively applied what they had experienced in daily life to explain natural
phenomena. Sometimes they misused an analogy with which they were
already familiar, as in the phases of the Mocon changing like a silkworm's
body.

Direct perception can strongly influence students’ ideas that are more
difficult

10
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Table 3: Summary of the types of explanations

Y Day/night] Moon | Seasons {Mountaind Rivers | Rain | wind
S_],]_hjprtq
« | ®@|O|0|®|@|®]|®
& OO0 |@ |9 |00
= QO[O |A|A|O @Al A
# OO0 AD|S|@ |0
~ |®|O|O|O|®|@|®
¥ 1O 0]|]0 |9 |@ |0
v (RO Q| Q| @A € [VA
#» | O |V || A AV
v | QOO |09 ]|0
|0 O |OA WOV VA O
v O QIAIAA|A|A
@ Scientific idea & Animism A Finalism
@ Clartially scientific idea @ Artificialism A Man-made
O Mechanism ®) Two explanations A God-made
Shaded areas show the grade level at which concepts have been taught
F: Female M: Male

to change, such as the idea of the Sun going around the Earth. Unless

11
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students are challenged by the conflict between their ideas and scientific ideas
and rethink these problems, they will keep their alternative conceptions for a
long time.

Children’s alternative concepts also arise from formal instruction.
This research showed that science instruction sometimes did not cultivate
students’ scientific concepts. One unit in the third grade science curriculum
in Taiwan shows that mountains and rivers are eroded by rain and water.
Thus, many subjects who had learned this unit thought that mountains are
built through erosion by water. Often, students had only superficially learned
the terminologies by rote without completely comprehending the ideas. The
concept of seasons is taught in the fifth grade science curriculum, yet none of
the four subjects in fifth grade or beyond truly understood what causes the
seasons. Two of them had learned some of the terminology but did not know
how to apply it. The fifth grade girl did not even mention any of the ideas
she had supposedly learned about the seasons two weeks before her
interview.

Some alternative conceptions held by the younger subjects arose from
their formal instruction in subjects other than science, One unit in the first
grade Chinese textbook describes how the Sun works hard to help the crops
and fruits grow in different seasons. Another story characterizing the Sun
and wind with human emotion portrays Uncle Wind competing with
Grandpa Sun and blowing a strong wind to block the Sun’s energy. These two
characters appeared in many younger subjects’ responses about wind, day and
night, and seasons. These children had not reached the concrete operational
stage and could not separate stories from reality. Thus, they usually agreed
with what the textbooks said and believed that the Sun and wind have
human qualities.

Daily language was also found to be a source of some of these subjects’
alternative conceptions. Chinese language describes sunrise and sunset as the
Sun coming up from behind the mountains and the Sun falling down into
the mountains. Thus, many subjects used this description to explain the
concept of day and night, even the fourth and fifth graders who had been
exposed to more science instruction. They still believed that the Sun goes
around the Earth. In many children’s stories, paintings, and daily
conversation, people always speak as if the Sun is a moving object, which
may reinforce children's alternative conceptions.

12
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Vosniadou and Brewer (1990) stated that the mountains and the sea in
the Greek landscape seem related to the fact that Greek children preferred to
explain the day and night cycle in terms of the disappearance of the Sun
behind the mountains or sea. American children preferred the explanation
that the Sun goes down underneath the Farth. Mountains and oceans are
also the major landscape features in Taiwan. Sulbjects in this study used
similar expressions to explain day and night as did Greek children. This idea
might come from their daily language as well as the direct experience of
watching the Sun set beyond the mountains or sea.

Chinese expressions about wind alse played an important role in
subjects’ alternative conceptions. Chinese language describes wind in many
different ways. Sprihg wind is used to describe the wind in spring that is
warm and comfortable. Summer wind is a softer breeze. Autumn wind is
cool and howling and makes people feel sad. Winter wind is very strong and
cold. People use these terms to describe the weather and even their moods in
literature and daily conversation. Thus, subjects may have applied this
language to the origin of the seasons. Three of the subjects thought that the
seasons are caused by different winds.

Language may have also affected subjects in learning science concepts.
The word “Earth” in Chinese literally means “ground ball”, or a ball-shaped
object that you stand on. Thus, every subject knew that the shape of the Earth
is round like a ball. They may not have realized that language influenced
their ideas about the shape of the Earth. They claimed that this idea came
from reading science books, watching television, looking at a globe, or seeing
pictures taken from space. One student said, “Of course the shape of the Earth
is round; otherwise it would not be called the Earth.”

The results also show that some subjects’ alternative conceptions came
from children's books, especially books for younger children. The authors of
these books use stories or personification to motivate students’ interests and
get their attention.  However, younger subjects sometimes could not
distinguish stories from reality and accepted stories as fact, For example, the
idea of a cold ghost and a hot ghost causing the change of the seasons appears
in a series of Chinese children’s books containing many stories and games to
help preschool children understand the environment. However, after
reading these books, the first grader actually believed that ghosts are the cause

of the seasons.
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Many subjects claimed that science books given to them by their
parents or from libraries were the major source of their ideas, especially the
students from cities whose parents were more concerned about education.
Through reading constantly, some subjects comprehended many scientific
concepts. Sometimes they had just learned concepts by rote, but when they
started to explain and apply the knowledge they remembered, their ideas
became more clear and made sense to them. Subjects exposed to rich science
resources showed a higher level of logical thinking.

Religion or family beliefs also seem to have affected subjects” views of
the world. An obvious example of the influence of religion was shown by the
responses of the fifth grade girl. Her strong belief that natural events are
controlled by many different gods affected her ideas about the whole
universe. She would usually give a mechanistic answer and then add a god-
made notion. In her view, scientific concepts can coexist with supernatural
powers without conflict.

Characteristics of children’s alternative conceptions

Most subjects responded to the interview questions by thinking and
then giving answers that made sense to them. These answers also existed
consistently between the two interviews. In the second interview, subjects
had more time to reflect upon these topics before answering, and they usually
answered the questions more completely and clearly. Only two subjects gave
inconsistent answers and used many different types of explanations to
describe natural phenomena.

Children’s cognitive development is an important factor influencing
children’s thinking. In this study, animism, artificialism, and human-made
ideas appeared frequently in the answers of the younger subjects, in
agreement with Piaget.  Subjects defined concepts from the physical
appearances of objects. The first grade boy used the description of natural
phenomena as the cause of these events. Children in this preoperational
stage use their direct physical experiences to misinterpret natural events
(Piaget, 1972a). For example, in this study some subjects thought that the Sun
goes around the Earth, that wind is caused by moving objects, and that black
clouds block the Moon and cause the phases of the Moon.

Children in the concrete operational stage are more flexible, organized,

and logical when dealing with concrete, tangible information that they can
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directly perceive. Thus, the phenomena that they can experience in their
daily lives, such as rivers and rain, are easier to understand than more
abstract topics like the phases of the Moon, seasons, and the movement of
Earth’s crust. Subjects in this stage primarily used mechanistic ideas to
interpret the world around them. The results show that children’s cognitive
levels are not necessarily related to children’s ages. The second grade boy held
more logical and objective ideas than some of the older children.

There were differences between the answers from subjects who had
been taught science in school and those from subjects who had not had
formal instruction in these topics. The former used more scientific terms
{such as evaporation, erosicn, and revolution) and interpreted them in more
technical ways. The latter used everyday language to explain their ideas. For
example, the third grade girl said, “Rivers are caused through erosion by
water”, but the first grader said, "When raindrops fall, they are usually very
strong, and they hit the ground and dig a hole to become a very small
stream.”

While explaining their answers, subjects tried to clear up their ideas.
Sometimes subjects would abandon their first responses to a question as
alternative conceptions and shift to more scientific ideas. In these cases, they
would adjust their ideas when faced with conflicts between different answers.
In other cases, some subjects shifted away from the scientific concepts that
they remembered toward mechanistic ideas. This shifting depended upon
which ideas were stronger and made more sense to the student. Some
subjects held more than two explanations simultaneously without hesitation,
They accepted that these natural phenomena can have multiple causes.

Subjects’ ideas were often the result of interaction between children's
ideas derived from the perception of natural phenomena and current science
knowledge presented by their teachers, textbooks, and children’s books. This
demonstrates what Ausubel {1968) proposed about the way children learn: a
child assimilates new information into an existing cognitive structure, but in
the process of assimilation, components of the intended meaning may
become distorted. For example, the sixth grade boy had learned in school that
mountains are formed by the movement of the Earth's crust, but in his
response to the interview question about mountains, he claimed that
typheons comprise one of the dynamics that cause the Earth’s crust to move

and build mountains.
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IMPLICATIONSFORTEACHING

The recommendations made here are based upon the researcher’s
observation of the twelve subjects in this study. These recommendations
were formulated through interpretations of the study findings. Due to the
small size of the sample in this study, the findings may not be representative
of all elementary students in Taiwan. The reader is encouraged to personally
evaluate these findings and form his or her own conclusions.
For researchers

The interview technique, with its use of follow-up questions, is helpful
in revealing a great deal about what children understand about a concept.
Although researchers can never truly know what subjects really think,
interview  still provides opportunities to obtain deep data that allow
researchers to make adequate interpretations. The results from interviews
can offer fundamental information for further investigation and for teachers
to use in adjusting their teaching strategies.
For science. teachers

Teachers play an important role in students’ alternative conceptions.
Children have their own ideas before they enter the classroom. Teachers
must realize this and diagnose children’s beliefs before teaching. Each teacher
can act as a researcher and investigate what students already know by asking
appropriate questions. They can then provide evidence to help students
confront their own alternative conceptions. Unless teachers identify
children’s views and design their teaching strategies accordingly, some
children’s views will not change or may change in unanticipated ways.
Teachers also must understand that each pupil is an individual learner who
acquires knowledge from many different sources and challenge students’
alternative conceptions to make them change their ideas. Thus, teacher
training programs should encourage preservice and inservice teachers to be
constructivists who see each student as an individual learner. Teacher
educators also should enhance teachers’ experiences in concept change
strategies. Elementary teachers need to become familiar with using concept
change strategy: eliciting students’ ideas, reconstructing these ideas, applying
these concepts, and reviewing changes in ideas (Driver, 1986; Posner, Strike,
Hewson, & Gertzog, 1982)

16
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Children’s. science learning

Providing abundant information and different resources to students is
effective in stimulating children’s science learning and premoting cognitive
development. Many subjects in this study showed that they had learned
scientific concepts through reading science books. These subjects learned
science concepts just as well as students who had formal science schooling,
sometimes even better. Children can learn science from many different
sources as long as they are provided with appropriate information.  Thus,
teachers and parents should expose children to science resources other than
their textbooks. This may motivate students’ interests and cultivate their
science thinking. However, to promote children’s science learning, children’s
science books should present science concepts in a way that is appropriate to
the cognitive level of the child. Adults also need to choose children’s books
carefully and help children to distinguish between what is fantasy and what is
reality so that children can understand the scientific concepts behind the
stories.
For curriculum designers

Elementary science textbooks should be revised to make explanations
of scientific concepts more clear and reasonable. Curriculum designers need
to be more aware of children’s alternative conceptions and design curriculum
materials that explicitly contrast these alternative conceptions with scientific
explanations, The concepts presented in textbooks from other subjects need
to be carefully evaluated to avoid misleading students’ science concepts.

Further research could be conducted in longitudinal studies to show
the developmental trends in the subjects of this study to understand how
these subjects change their alternative conceptions through time. More case
studies should be completed to explore individual learning styles to better
understand children’s thinking. A diagnestic instrument could be designed
according to the results of this study to evaluate students’ understanding of
Earth systems. Research in concept change strategy also needs to be developed
to help students overcome alternative conceptions. The success of science
learning will depend on uncovering children’s beliefs that cause alternative
conceptions and on discovering the appropriate instructional strategies for

changing these alternative conceptions.
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Children’s Understanding of
Astronomy and the Earth
Sciences

John Baxter
St. Lukes College, Exeter University, England

One of the most compelling images depicting the birth of humankind’s
modern understanding of the universe features a medieval monk pulling
back the sphere of primary perception to reveal the cosmos that lay hidden
behind these initial ideas (Fig. 7.1). The monk’s view, although dangerously
controversial at the time,’ has permeated almost all cultures over the past
400 years and it is now commonly assumed that children and adults draw
back the same sphere-like veil to gain a similar perspective. But over the
past decade there has been a growing body of evidence that throws doubt on
the assumption that children and scientifically naive adults form post-
Copernican notions about planet Earth in space (see Durant, Evans, &
Thomas, 1989). Research shows that pupils frequently come to their lessons
having constructed their own explanations for many of the easily observed
astronomical events, and that these children’s notions or “alternative
frameworks” (Driver, 1983) are at variance with accepted views, often
persisting into aduithood.

The work of Nussbaum and Novak (1976) and Sneider and Pulos {1983)
showed that children’s ideas about planet Earth in space and the gravita-
tional field develop from a naive flat Earth notion through a series of
phases to the accepted view. These phases cut across cultural boundaries;
Mali and Howe (1979) and Klein (1982) identified similar notions and
phases of development in children from a number of different cultural
backgrounds.

"This woodcut is not what it is often claimed to be. It is pure art nouveau, first published by
Camille Flammarion in 1888 (see Gingerich, 1988).
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FIG. 7.1 A medieval view of the cosmos.

Research into children’s ideas about other science areas—for example,
evaporation (Russell, Harlen, & Wall, 1989) and sound (Linder & Erickson,
1989) —shows that pupils frequently construct their own explanations for
many of the fundamental concepts of the science curriculum, This growing
body of data on pupils’ alternative frameworks has given rise to the
constructivist or alternative conceptions movement, ACM (Gilbert & Swift,
1985). The principal axiom of the ACM is that a child’s alternative
framework is analogous to a scientific theory and will only be exchanged
when it is challenged and fails to hold good in the light of new evidence.

Millar (1989) claimed that the ACM has brought science education
research into the classroom, but research into alternative frameworks
usually involves lengthy interviews with pupils to uncover their particular
notions. Limited time and large numbers of pupils in each class preclude
this as a commonly practiced classroom activity, and, as with so much
science education research, the transition from research data to classroom
practice is not always cilear.

If research into alternative frameworks is to influence teaching strategies,
it needs to be more than an inventory of pupils’ ideas; it needs to inform
teachers about trends in the progression of these ideas, to demonstrate ways
in which pupils defend their notions when they are challenged, and to give
examples on how children’s alternative frameworks can become the central
focus of a teaching strategy.
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With these aims as the primary target, the author set up a research
program into alternative frameworks about astronomy. This was recently
undertaken in Great Britain. Astronomy was selected for two principal
reasons. First, almost all children have some experience of the easily
observed astronomical events and, in all probability, have constructed their
own explanations for these changes long before they enter school, Second,
there was a need to promote the more widespread teaching of astronomy in

schools.

COLLECTING PUPILS’ IDEAS ABOUT THE EASILY
OBSERVED ASTRONOMICAL EVENTS

In this research program, children’s theories about four astronomical
domains were investigated:

1. Planet earth in space and the gravitational field.
2. Day and night.

3. Phases of the moon.

4. The seasons.

The sample of pupils between 9 and 16 years old was taken from pupils
attending a comprehensive school in a semirural area of southwest England
and its four feeder primary schools. At the time of the survey the schools
did not feature astronomy in their science curriculum,

A two-phase process of data collection was used. First, 20 pupils between
9 and 16 years old were interviewed individually about their theorigs
concerning the four domains, The sample covered the full range of abilities
(based on their teachers’ judgments} and included five pupils from ¢ach of
the age groups 9-10, 11-12, 13-14, and 15-16, including equal numbers of
boys and girls. The interviews were audiotaped and transcribed and records
of pupils’ drawings were kept. Second, the commonly occurring concep-
tions were used to construct an astronomy conceptual survey instrument,
This comprised a series of statements with supporting diagrams based on
the drawings produced by the interviewees. Pupils responded to the
statements and their accompanying diagrams by placing a mark on the face
that best represented their view (Hearty & Beall, 1984); see the example in
Fig. 7.2. This instrument was administered to a representative sample of 48
boys and 52 girls from the same four age groups as the interviewees.

Results of the Survey

For clarity of presentation, the results from the original interview for each
domain investigated are followed by the results obtained using the as-
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FIG. 7.2 Example of question in the survey instrument.

tronomy conceptual instrument for that particular domain. The commonly
occurring notions are represented diagrammatically and are followed by
prevalence diagrams showing the percentage frequency of pupils who hold
these notions.

Planet Earth and Gravity. Children surveyed by interview and through
the conceptual survey instrument were all presented with the same situation.
They were asked to imagine that they had taken off from planet Earth in a
space rocket and after they had been traveling away from Earth for a day
they looked out of the window toward Earth. They were then asked to draw
how they thought Barth wouild look.

After completing their drawing they were asked to draw in some people
to show where they could live, then some clouds followed by showing rain
falling from the clouds. As Fig. 7.3 shows, the drawings fell into four
distinct notions and closely resemble those first proposed by Nussbaum
(1979).

The first notion {common with younger children) represents planet Earth
as a flat surface or saucer shaped, bearing a remarkable resembiance to the
world view of the ancient Babylonians, Egyptians, and early Greeks (see
Koestler, 1959). The older children almost always represented Earth as a
sphere; however, it was common for them to draw in people dnd clouds on
the “top half” or northern hemisphere only. A “prevalence diagram” shows
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Motion 4

Correct view, Peopla fiving all over
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canter of the sarth.

FIG. 7.3 Pupils’ notions about planet Earth and gravity.

the percentage of pupils holding particular notions at certain ages (see Fig.
7.4). Notion 3 was the one most commonly held (the notion with the
widest block). This representation shows a round Earth, with people living
all over the surface, but with their heads facing the north pole; rain is shown
falling “down™ from the northern hemisphere. Very few children repre-
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FIG. 7.4 The prevalence of pupils’ notions about planet Earth and gravity.

sented planet Earth as a sphere with people living ail over the surface, their
feet pointing toward the center, and rain falling toward the center of the
earth (see Fig. 7.3, notion 4).

Although, as the prevalence diagram Fig. 7.4 shows, a belief in the more
naive notions of a saucer-shaped Earth or a round Earth with people living
on the top half only declined with age, it is notable how few pupils—even
in the older age ranges—subscribed to the accepted notion. This suggests
that a Newtonian view of gravity does not feature in most pupils’ thinking,
an observation supported by the studies of Watts and Zylbersztajn (1981)
and Preece {1985).

Day and Night. Interviewees were asked to explain why they thought it
gets dark at night. They were able to explain their idea through drawings or
by using polystyrene spheres. Their explanations gave rise to six distinct
diagrams (see Fig. 7.5).

As with children’s notions about planet Earth in space, a belief in the
more naive notion of near and familiar objects causing the phenomenon
declines with age, but the number of older pupils who explain day and night
using a construct other than the earth spinning on its axes in front of a fixed
sun is relatively high (see Fig. 7.6).
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FIG. 7.5 Puplls’ notions about day and night.

Phases of the Moon. All pupils interviewed were aware that the moon
changes shape, but few were able to relate any patterns to these changes,
The more naive explanations for the apparent changes in the moon’s shape
bore a resemblance to pupils’ explanation for day and night, namely, that
near and familiar objects were the cause of the phenomena (see Fig. 7.7).

As the percentage prevalence diagram shows, the most popular notion—
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FIG. 7.6 The prevalence of pupils' notions about day and night.

and one that, increased with age —was of the earth casting its shadow on the
moon, thus giving rise to its changes in shape (see Fig, 7.8).

The Seasons. Interviewees were asked to explain what caused it to be
cold during the winter. Again pupils explained their ideas using drawings or
polystyrene spheres. Their responses fell into six distinct notions, with the
idea of the sun being further away during the winter the most popular
explanation (see Fig. 7.9).

Once again, two notabie features emerge from this survey, namely, that
the younger children use near and familiar objects to explain the phenom-
enon, and a small percentage of older pupils explain the event by using the
accepted notion (see Fig.7.10).
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FIG. 7.7 Pupils’ notions about the phases of the moon.

Discussion

Although the ideas children use to explain the easily observed astronomical
events vary from one context to another, a number of conceptua! develop-
mental phases in the pupils’ explanations can be identified. These phases are
shown in Fig. 7.11.

The data from this research shows how children’s early notions tend to be
based on observable features of near and familiar objects; however,
although these early notions tend to be used less frequently by older
children, they are often exchanged for another alternative framework, one
that involves a higher level of spatial awareness.

Although the resuits of this survey show a reduction in the more naive
views as age increases, misconceptions still persist in many pupils up to 16
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FIG. 7.8 The prevalence of pupils’ notions about the phases of the moon,

vears of age. This finding supports the claim that many alternative
frameworks persist into adulthood, a view supported by the research of
Durant et al. (1989), which indicated that a large proportion of the general
public in Great Britain are confused about many scientific notions,
including the motion of the earth around the sun,

It appears that misconceptions about basic astronomy are not peculiar to
Great Britain; a survey carried out in France by Acker and Pecker (1988)
showed that about 33% of the public still believed that the sun orbits the
earth. Similarly naive notions have been observed in America by Sadler and
Luzader (1988). Seemingly, medieval notions about pianet Earth in space
and a geocentric universe are alive and well in the way people construct their
own explanations for basic astronomical events.

MISCONCEPTIONS ABOUT THE EARTH SCIENCES

Research into children’s misconceptions about the earth sciences is less well
documented than the misconceptions about astronomy. However, the
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FIG. 7.9 Pupils’ notions about the reasons for the seasons.

available literature demonstrates that —as with astronomy--pupils come
into their lessons holding a number of misconceptions about our planet
Earth, Philips (1991) reported on children who think that Earth is sup-
ported in space by resting on something, and that we live on the flat middle
of the sphere. He went on to report about college students who think that
all rivers flow “down” from north to south {consistent with the north being
“up” notion mentioned earlier in this chapter).

Preliminary surveys carried out in Great Britain by the author support the
findings of Phillips. It appears to be quite common for children to think
that the ingide of the earth is hollow and that it is possible to walk around
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FIG. 7.10 The prevalence of pupils’ notions about the reasons for the seasons.

quite freely inside the earth. Other children think that the earth is molten
apart from a thin crust around the outside.

Children’s ideas about the formation of mountains appear to offer a rich
source of alternative notions. The following diagrams and explanations
were obtained from a group of 11- to 12-year-old pupils in response to the
question, “How do you think the mountains were formed?”

James claimed that in the beginning the Earth was flat like a smooth ball
and that the streams eroded the valleys leaving the high ground as
mountains (see Fig. 7.12), Ten percent of the 20 pupils taking part in these
preliminary interviews subscribed to an idea similar to that given by James.

Nigel, along with 4% of the sample, thought that rocks falling from the
sky formed the mountains (see Fig. 7.13).

Some pupils’ explanations revealed a mix between science topics taught to
them and their own explanations for the formation of the mountains,
Steven combined his understanding of the water cycle—one of the topics
recently studied during his science course — with his own explanation for the
formation of the mountains (see Fig. 7.14). Ideas like Steven’s offer a
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FIG. 7.12 James's explanation: “I think that planet Earth was once flat without
mountains and streams eroded the land to make gullies and valleys.”

»
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FIG. 7.13 Nigel's explanation: “I reckon the mountains got there when rocks fell from
the sky.”

creative springboard for the design of experiments through which pupils can
test their ideas.

USING ALTERNAYIVE FRAMEWORKS IN THE
CLASSROOM

During the early part of the 20th century, there was a growing recognition
by educators that science is a practical activity; subsequently, there was an
increase in the amount of practical laboratory work carried on during
school science lessons. But the activities undertaken by pupils were little
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FIG. 7.14 Steven thought that as water evaporated from the sea to form clouds, tiny
particles of rock, which had become dissolved in the sea, were lifted into the clouds
along with the evaporated water. When the rain falls the particles of rock are returned
to the land where they build up into mountain ranges.

more than routine exercises that had lost the educational value of real
experiments and had evolved into arid, repetitive activities. The widespread
introduction of general science during the 1930s led to the rejection of a
great deal of this repetitive practical work, and by the 1960s the activities
performed in school often had their roots in the common experiences of the
children (Kerr, 1963).

Since the 1960s there has been a further increase in the amount of
practical work carried on during science lessons, which is introduced to be
illustrative or to provide confirmatory evidence for the presented theories
(Driver, 1986). This strategy assumes either that children come into their
lessons as empty pots and can be filled with the “right bits” of knowledge,
or that they will discard their own ideas when presented with the accepted
view by the teacher —a fact that Gilbert, Osbourne, and Fensham (1982)
and Solomon (1983) showed does not necessarily happen. When science is
presented in this way, children frequently form hybrid notions, a mix

. between their original ideas and those presented by the teacher, or the
students function in two domains, that of their everyday experiences and
that of the school laboratory, with different ideas in each domain.

The alternative conception movement offers a valuable and productive
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alternative, where many of the traditional illustrative or confirmatory
“practicals™ are replaced by activities that encourage pupils to put forward
their own viewpoint and enable them to test alternative theories. If we
accept the view that learning involves pupils in a process of conceptual
change, then a knowledge of the initial conceptions they bring with them
into lessons becomes important, as it provides a basis for the design of
teaching materials that address these ideas. Such initial conceptions form a
starting point from which pupils can test their ideas and modify them
should they not hold good in the light of new evidence,

There are two levels at which the ACM can influence and enhance
classroom practice:

Level I. The teacher's awareness can be developed of the commonly
occurring alternative frameworks for the particular topic being introduced.
This can be achieved by including a summary chart of research data in the
teachers’ guide to a topic (see, e.g., Baxter & Sage, 1990). Teachers can then
organize their teaching around the presentation of evidence to show that
these commonly occurring alternative frameworks do not hold good when
challenged.

Level 2. During a level 2 approach, pupils identify their own particular
explanation for the topic being studied and then put their notion to the test
to discover if it holds good, thus following the scientific process depicted in
Fig. 7.15,

Using a Level 2 Approach to Challenge Puplis’
Notions About the Seasons

The examples of pupils’ responses given in this section were obtained from
a group of average ability pupils attending a comprehensive school in the
southwest of England. In this school astronomy is covered during two
35-minute periods for 6 weeks and forms a part of the modular science
course,

During the early stages of the astronomy module, pupils are introduced

Idea - Tost -l Conclusion

Reformulate
FiG. 7.15 The scientific process.
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to the idea that scientific theories are always undergoing change. Examples
are taken from early notions of planet Earth in space from a time when the
most highly respected thinkers believed that the earth was saucer-shaped
{see Draper, 1875/1970). With reference to examples from history, pupils
are made to feel more comfortable about identifying and articulating their
own notions when they discover that their ideas, although incorrect in the
light of scientific advancement, were once popular views.

Examples of pupils’ responses using a level 2 ACM approach were
obtained during a typical Jesson. The discussions with pupils were brief and
more closely represent the discussions that take place during the course of
a normal science lesson,

Pupils were first asked to draw and write about what they think causes
the seasons to change. They did this in silence. Each pupil then made and
used the model of the seasons (see Fig. 7.16) to challenge their ideas. If their
original ideas did not hold good, they were asked to write about how they
had to change their thinking.

As expected, most pupils thought that the earth moves away from the sun
during the winter, although many of the other alternative frameworks
reported in the first part of this chapter were identified too. For most
pupils, the idea that the earth is slightly further away from the sun during
the northern hemisphere winter was such a contradiction of their everyday
sensory experience that it tended to dominate their discussions. The
following short case studies of three pupils—Richard, Linda, and
Anthony — make this point, and also demonstrate that conceptual change is
often resisted.

Richard. In this interview the teacher (T) is asking Richard (R} about
his work on the seasons. See Fig. 7.17 for Richard’s diagram.

T: Richard, what did you say was the cause of the seasons; can you ¢xplain
your drawing?

R: Well, it’s this part of Earth facing the sun. When it is, it’s summer.

T: OK., what about winter then?

R: Well it's the same only this part [R points to the other side of Earth] that
turns and they get summer.

T: Why do you think it’s colder here? [T points to part of Earth not facing the
sun.)

R: That’s ‘cause it's further away from the sun there.
T: Did you have to change your idea after using the mode]?

R: Yes. The nearer the sun is to the earth it’s winter.
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FIG. 7.16 The model of the seasons.

T: But you have written something here about the angle of the earth’s axis,
Does it make any difference?

R: Yes, it turns us away in the winter when we are closer.

Richard, like many pupils, was so taken with this challenge to his cwn
sensory experience about distance and heat, that he was unable to integrate
information. Richard forgot about the cause of day and night (he had worked
on this information previously and understood this}. His diagram shows the
earth taking 1 year to spin on its axis. This is a common feature of pupils’
alternative frameworks on astronomy: One notion contradicts another,

Linda. Linda's diagran (see Fig. 7.18) is very similar to Richard’s; it is
difficult to see how she can explain both the seasons and the cause of day
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FIG. 717 Richard's ideas. Original explanation: “When part of the earth is facing the
sun this is summer. The part of the earth furthest away is the winter, The parts that are
left are spring and autumn. The parts are really quarters.”

Ides change; “Angle of the earth to the sun. The nearer the sun is to the earth it is

winter and vice versa."

Sun ¢Suwr @n 7 ‘di"".'g)
\ Earf)

N Ldtnkbe é\a §
. / ")

~ 4 . Enrtl +orn 5)

FIG. 7.18 Linda's ideas. Original explanation: “We get seasons because the earth
orbits around the sun. When the earth is orbiting the sun it turns. The seasons are
caused because the ezrth at times is not facing the sun (winter), Cther times it is facing

the sun (summer}.”
Idens change: “The scasons ate caused by the angle of the sun. Summer is when the
earth is Furthest from the sun. Winter is when the earth is closets to the sun but we are

facing the opposite way to the sun.”
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and night. After using the model, she places an emphasis on the earth being
closer to the sun during the winter. She has also retained something of her
original idea in as far as she still retains the “facing the opposite way” part
of her explanation, Linda, like many pupils, will go to considerable lengths
to interpret new evidence in a way that supports her original notions,

Anthony. Anthony is very protective about his original idea, claiming
that he was “almost right.” The part played by the moon in his first idea is
clearly weong, but he chooses to use the gentle phrase “I think I was wrong.”
He has either not noticed (which is unlikely, as their teacher circulated
around the group drawing pupils’ attention to the angle of the earth’s axis)
or refuses to acknowledge the importance of the angle of the earth’s axis to
the plane of its orbit. His attempts to protect his original idea are noticeable
in the short interview carried out just after he had written about how his
idea had changed. (Fig. 7.19).

T: Anthony, did you have to change your idea about the cause of the seasons?
A: Well a bit, but not much, 1 got it almost right.
T: What bit of your thinking did you have to change?

A Well jt was that bit about the moon . . . but | didn't say it was the reason,
just it may be,

T: Use your model to show me how we get the different seasons.

oy

FIG. 7.19 Anthony’s ideas. Original explanation; “The seasons change because we
move around the sun, when that changes the weather from hot or to cold when we move
around the sun. Or it probably gets colder if the moon gets in front of us as well.”

Idea change; “My thinking was almost right, when [ said the earth orbits the sun and
the seasons change accordingly but I think I was wrong about the moon getting in
between the earth and the sun.”
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A: {Picks up the model and orbits the earth around the sun.JWell it’s like I
said, the earth orbits the sun and we get the seasons.

T: Where will the earth be when it's winter north of the equator?

A: Places the earth in the correct position with the angle of inclination
directed away from the sun.]it's winter now,

T: What's special about this position; what makes it winter?
A: The earth has gone around to here, and here is where winter is.

T: OK, what makes it winter here [takes model and moves earth to northern
hemisphere summer position] and not here?

A: It can't be winter there cause we’re facing the sun.
T: What makes us face the sun?
A: Well it’s this angle here [points to the wire axis].

T: Can you now tell me how we get the seasons, but this time mention the
angle.

A; We go around the sun like I said and we get winter here "cause we're angled
away from the sun. And when we get to there it's summer and we're facing the
sun. This is where summer is and this is where winter is [he orbits the earth
around the sun while saying this].

The evidence from these brief case studies suggests that pupils, like many
scientists, attempt to interpret their results so that they support their
original ideas. Those pupils who attempt to protect their original ideas
appear to be faced with a crisis (like scientists during the demise of
Ptolemaic cosmology), and like scientists appear to resist changes in
theoretical structure (Donneily, 1986). Paradigm shifts appear to be diffi-
cult experiences for both scientists and pupils.

Pupils’ explanations for one astronomical phenomenon often are in
contradiction with their explanations for another, related phenomenon.
This fact can be put to good use by teachers. For example, after pupils have
given their explanations for the cause of the seasons, they can be asked if
their explanations will work in the light of what they know about the cause
of day and night. For many pupils, this question will help them to revise
updating their original explanations.

The results of this research show that when pupils revise their original
notions, they may well pass through one or more stages before believing in
the accepted view. Perhaps teachers should plan instructional sequences so
that pupils can gradually move toward a theory without requiring them to
reach clear-cut conclusions aleng the way {Nussbaum, 1989). Such an
approach resembles how science has progressed in the past. For example,
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Herakleides of Portus (4 sc) proposed an intermediate model of our solar
system in which Mercury and Venus orbited the sun, all three of which —
according to his model — were in orbit around Earth (Koestler, 1959), Even
the Copernican system was an intermediate model, later being revised to
incorporate elliptical orbits. Progress in science is a stage-like process, often
taking many years to change from one paradigm to another, Perhaps
teachers are unrealistic in expecting pupils during one science lesson to
make the same conceptual leaps that the world’s finest scientists took years
to achieve.

By adopting a teaching strategy in which our pupils are given an
opportunity to challenge their own explanations, much of the astronomical
ignorance that appears to pass into adulthood can be avoided. Pupils can
emerge from their pre-Copernican world view just like the scientific
community did. Teachers can symbolically recarve Flammarion’s woodcut
by helping pupils pull back their own sphere-like veil to catch a glimpse of
the real universe that lies beyond their primary perception.
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s There Gravity
in Space?

By Varda Bar, Cary Sneider, and Nathalie Martimbeau

What are students’ ideas about grav-
ity beyond Earth’s surface, and how
can we create lessons that expand
their conceptions of gravity? To find
out, we started by asking some stu-
dents what they think about why
things fall. Following are the re-
sponses of two sixth-grade students—
Rayrmond and Emily {the interviewer's
questions are in italics).

Why does this pencil fall when you
drop it?

R: Gravity is pulling it down.

E: Because of the gravity pulling it
down.

Why does a clowd not fall?

R: 1t is very high in the atmosphere,
and it is not touching the gravity.

E: It is higher in the sky. It is made of
condensation of water. It does not fall
because gravity does not reach it.

Why do the moan and sun not fall?
R: The moon is very high, past the
Earth's atmosphere. The gravity stops
at the top of the atmosphere. The
same for the sun.

E: They are in space. There is no grav-
ity there.

Earth and Space Science

What is gravity?

R: It is the force that keeps us down.
It is in the air.

E: 1t is a pull, a thing that keeps push-
ing things down on Earth or a planet.
Alr is around the Earth and keeps
gravity. The atmosphere keeps the
gravity inside.

Students' Ideas

Raymond's and Emily’s ideas are not
unusual for students their age. Sev-
eral studies have shown that a major-
ity of children and many adults are
under the impression that air either
creates gravity or is necessary to trans-
mit gdravity to falling objects
{Gunstone and White, 1980; Riggiero
et al., 1985; Watts, 1982).

Bar (1994) has recently extended
this research through interviews with
over 400 lIsraeli children, ages 4-13.
Bar found that the most common ideas
expressed by children ages five to seven
are that things fall because “they are
not held,” or the sun and moon do not
fall because “they are glued to the sky.”
A frequent response of seven- to nine-
vear-old students is that things fall be-
cause they are heavy: “Clouds are light
and not heavy and do not fall.” Stu-
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dents ages 9-13 expressed the idea that
things fall because of Earth’s gravity.
But most students believe that air is
necessary for gravity, as exemplified by
the interviews with Raymond and
Emily. Other research indicates that
this belief persists into high school (van
Zee and Minstrel], 1997).

Our Learning Experiment
We wanted to go beyond this research
to find out what we could do to help
students understand that gravity can
act beyond the Earth’s atmosphere
and to gain a more adequate intuitive
understanding of how natural and ar-
tificial satellites stay in orbit. So, we
conducted a mini-study in two sixth-
grade classrooms. With the help of
Phoebe Tanner, a science teacher at
Martin Luther King Jr. Middle School
in Berkeley, California, we seiected
two classes, one with 23 students and
the other with 25 students.

The students had studied the solar
system earlier in the year and did not
seem to be confused about the idea
that moons traveled in orbits, since
they were quite familiar with orbits
from television shows like Star Trek.
But, when we interviewed five stu-
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dents from each of the two classes, we
found that their ideas were very simi-
lar to those of the Israeli children of
the same age range. Eight out of 10
students expressed the idea that grav-
ity must have air to act—they did not
understand the role of gravity in keep-
ing planets and satellites in their
orbits.

We devised a lesson that would help
the students understand that gravity
acts beyond Earth's atmesphere. Two
weeks after we interviewed the sample
of 10 students, we presented this les-
son to both classes during two con-
secutive 45-minute time periods (with
a break between the time periods).
We measured how much the students
learned from the lesson by interview-
ing the same 10 students about a week
after the lesson. To find out what the
others learned, we also asked all of
the students to answer a set of written
questions at the beginning and the
end of the activity.

The Lesson Plan
To figure out how to teach students
that gravity acts beyond the atmo-
sphere, we asked ourselves how scien-
tists learned about it in the past. When
Copemicus proposed his idea of a sun-
centered system in 1543, he had no
idea what force might keep planets and
moons in their orbits. Even in 1609,
when Galileo supported Copernicus’s
ideas with his observations of Jupiter's
moons, a full description of gravity was
far in the future. But Galileo had be-
gun experiments in the laboratory that
eventually led to Newton’s full descrip-
tion of gravity in the next century.
Most people know about Galileo’s
experiments with balls rolling along
inclined planes, but his experiments
with cannonballs led us to a success-
ful lesson. While we weren’t prepared
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to bring cannons into the classroom,
we thought that large, white plastic
or rubber balls would be a good sub-
stitute, Little by little, we led the stu-
dents to recognize that the same laws
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Working in groups of three or
four, the students tested the various
predictions. They took turns rolling
the ball off the table, while the oth-
ers observed it. Students conducted
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To figure out how fo teach students that
gravily acts beyond the atmosphere, we asked
ourselves how scientists learned about it in the past.
Galileo’s experiments with cannonballs
led us to a successtul lesson.
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that governed how things move on
Earth also govern how the moon,
Earth, and other planets move
through space—even though there is
no air up there!

First Activity: What Will Happen
o the Ball? The students were asked
to draw what they think will happen
to a ball after it rolls off the edge of a
table —first when it's rofling slowly,
then when it’s rolling quickly. Work-
ing in groups, the students discussed
their ideas and made predictions.

Then, the teacher led a class dis-
cussion to identify different ideas of
what might happen. Students were
invited to come up to the chalkboard,
one at a time, and draw what they
saw—only if their idea was different
from ideas already presented.

The teacher led a discussion about
the predictions and emphasized that
the students should vote for what they
thought would really happen, not for
who drew the idea on the board. Also,
the students could change their minds
if someone had a convincing argu-
ment. Then each student chose the
prediction he or she felt was correct.
The teacher indicated each student's
choice on the chalkboard.
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the experiment with different speeds
of rolling and discussed the results
in light of the different predictions
on the bhoard. The students con-
cluded that the ball’s trajectory had a
parabolic shape (they did not use this
term, but pointed at the “correct”
drawing). They also concluded that
“the faster the ball moved, the far-
ther it fell.”

When the students finished their
experiments, the teacher assembled
them around the chalkboard to dis-
cuss their experiments and to vote
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again. This time there was much
broader agreement about how the ball
would move, with most voting for the
classical shape of a trajectory.

At this point, the students were
able to draw and describe what hap-
pens to a ball moving forward when it
falls under the force of gravity. Al-
though they may not have been able
to clearly articulate this condition, the
students could see that it was repeat-
able. They also noticed that when the
ball was rolled faster, it went farther
out from the edge of the table before
hitting the floor, but the general shape
of the curve rematined the same. Many
students remarked, “The ball doesn't
go straight down, near the end—it
keeps going away from the table as it
falis.”

At the end of the session, the stu-
dents were asked to explain why the
ball follows this path. The students
had no difficulty in explaining that
the motion resulted from the forward
push on the ball when it was rolled
and the downward force of gravity.

Second Activity: From Baseballs
to Earth Satellifes. To begin the next
activity, the students viewed a series
of overhead transparencies as the
teacher led a question-and-answer
session, in the tradition of Socrates.
{See the sequence of transparencies
below.) The first transparency shows
the Earth with an enlarged moun-
tain, The teacher told the students
that the mountain was very high and
that most of the atmosphere was be-
jow the mountain top.

A A A A A AAAAAAALAALAALMALMAALAAAALALMLALAALAALAAMALAMLAALAAALALALALALALLALALALAAMLN

In the transparency, the drawing
depicts a baseball player hitting a ball
pitched from somewhere in space. The
ball follows the trajectory that the stu-
dents had observed in class. The
teacher asked the students what
would happen if the ball were hit
harder. (“It will go farther around the
Earth.”) The teacher replaced the
transparency of the baseball player
with a transparency of a cannon,
which could project the ball faster.
Students saw that the ball went far-
ther around the Earth. Subsequent
transparencies showed the ball being
blown out of the cannon with more
and more force. Each time, the stu-
dents were asked to determine what
forces made the ball's path take that
shape and to predict what would hap-

Transparency 1. A picture of the Earth
with an enlarged mountain shows a
baseball player hitting a ball pitched
from space. The ball follows the trajec-
tory that the students had observed in
class. The students are asked, “Why
doesn’t the ball go off info space?”
(Because gravity pulls it to the Earth.)
“What would happen if the ball is hit
harder?” (It will go farther.)
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Transparency 2. The baseball player
is replaced by a cannon, which could
project the ball faster. Students see
that it does go farther. They are
asked, “Why doesn’t the ball go off
into space?” (Because gravity pulls it
into a curve.) “What will happen fo
the ball if we use a double charge in
the cannon?” (It will go farther.)

-187 -

Transparency 3. The studenis see
that the baseball goes farther. The
teacher asks the students, “Why does
the baseball follow the curve of the
Earth?” (Gravity pulls it.) “What will
happen if we use a friple charge in
the cannon?” (It wilt go around and
hit the cannon or go into orbit,)
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pen if the force of the cannon was
even greater. After the third frame,
many of the students predicted that
the baseball would go into orbit.
Next, the teacher showed the stu-
dents a picture of the space shuttle
and asked what farces make it go into
orhit. The students were able to recall
what they had seen on television or in
the movies, and explained how rock-
ets—acting first upward, then at an
angle—thrust the shuttle into space
and how gravity kept it moving in its
orbit, just like the baseball. The
teacher asked, “What would happen
to the shuttle if we could somehow
turn off Earth's gravity? (“It would fly
off into spacel”} The teacher rein-
forced the students’ explanations, stat-
ing that even in space—where there

is no air—the gravitational attraction

of the Earth keeps pulling the shuttle

inte its orbit. Using the last transpar-

ency, the teacher led a similar discus-

sion about the Earth’s moon.
Closure: How Do Jupiter’s Moons

Stay in Orbif? With the overhead pro-

jector off, the teacher asked the stu-

dents the following questions:

* “How do you think Jupiter's moons
got their forward movement in the
first place?” (“Maybe they were as-
teroids moving through space.”}

* “What keeps the moons moving in
circles and not flying off into
space?” {(“Gravity.”)

e “Does that gravity come from
Earth?” {“Ne, from Jupiter.”)

One of the students asked if the
moons themselves also had gravity.
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After asking the other students to re-
spond to that question, the teacher
was delighted to confirm that, “Yes,
not only does Jupiter pull on its
moons, but each of the moons also
pulls back, keeping the moons in their
orbits.”

The teacher ended the gravity les-
son by explaining that in only two 45-
minute periods, the students were
able te trace the development of ideas
that took 200 years for scientists to
discover.

Did the Students Learn?

To find out whether students changed
their ideas about whether or not there
could be gravity in outer space, we
compared their answers to the writ-
ten questions presented before and

Transparency 4. The studenis see
that if we don’t get the cannon out of
the way, the baseball will go all the
way around the Earth and hit it. If
the ball is not slowed by the air, it will
go around and around the Earth. The
ball then becomes a satellite of the
Earth,
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Transparency 5. The teacher asks the
students, “What does this show?”
(Space shuttle in orbit around Earth.)
“What keeps it in orbit?” (Gravity)
“Is there air out there, where the
space shuttle is?” (No. Gravity acts
anyway.)
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Transparency 6. The teacher leads a
similar discussion about Earth’s
moon. “What does this show?” (The
moon in orbit around Earth.}) “What
keeps it in orbit?” (Gravity.) “Is there
air ouf there, where the moon is?”
(No. Gravity acts anyway.}
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Table 1.
Resources f()l' T.ea(:hers . . . . “Does gravity act in space where

= Great Explorations in' Math and Science (GEMS) is a curriculum series there is no air?”

that provides a variety of hands-on activities, including several on Pre- Post-

astronomy. We recommend the teachers’ guides Earth, Moon, and Test Test

Stars and The Moons of Jupiter, available from Lawrence Hall of Sci-

ence, University of California, Berkeley, CA 94720-5200. Yes 13 273
e NASA provides a wide variety of free films, videos, and slides about

astronauts in space. Contact your local NASA Teacher Resource Center No 31 10

or visit the NASA home page on the World Wide Web at http/

WWW.Nasa.gov. o Not Much 0 3
» Astronomy Village (for MacIntosh users) is a comprehensive software

program that enables middie and high school students to conduct Only Near Planets 0 4

astronomical research. It includes an orbit simulator. The program is No Answer/

made available through NASA Teacher Resource Centers. I Don't Know 4 3
= ORBITS (for IBM-compatible computers) is an excellent software pro-

. gram about the solar system. Available from Software Marketing Cor-
' paration, 98312 S, 51st St., C-113, Phoenix, AZ 85044.

w .The Universe at Your Fingertips is a collection of 100 of the best
activities in astronomy, selected by a team of teachers, available from
the Astronomical Society of the Pacific, 390 Ashton Ave., San Fran-

cisco, CA 94112; (415) 337-1100; fax (415) 337-5205.

after the activity. The key question
was, “Does gravity act in space where
there is no air? Why or why not?” We
classified the students’ answers to this
question, which are summarized in
Table 1.

From the table, we can see that on
the pre-test, about two-thirds of the
students gave the definite answer,
“No, gravity does not act in space
where there is no air.” Based on pre-
liminary work with many other chil-
dren in other countries and on the
interviews we conducted with 10 of
these students before this activity, this
was not surprising.

On the post-test, there were more
than twice as many “Yes” answers
than “No" answers. We have some
confidence that students were giving
us their honest opinions because dur-
ing the activity, we encouraged them
to be “good scientists” and to stick by
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their personal opinions even if they
differed from what other people
thought.

The post-tests revealed that, by the
end of the activity, not all of the stu-
dents were convinced of the value of
Newtonian logic. Ten students still
believed that gravity does not act in
space, while 15 students gave a vari-
ety of other answers, including some
in the “I don't know" category. This
suggests that, for rany students, con-
ceptual change was beginning to oc-
cur but the students had not yet con-
solidated their ideas about gravity.

These results were confirmed by
the interviews that we conducted one
week after the activity with the same
10 students whom we interviewed be-
fore the activity. During this second
round of interviewing, participants
were asked if gravity could act in space
without air. In general, we could clas-
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sify these students into three groups.

One group gave convincing rea-
sons why gravity acts through space:
“Since the Earth keeps the moon in
orbit, there must be gravity in space,”
or “This is why the planets go around
the sun.”

A second group of students was still
unconvinced that gravity could act in
space, where there is no air, but their
answers were not consistent. For ex-
ample, some said that there must be
gravity near the moon (where there is
no air) or that the moon stays in its
orbit because it is within reach of
Earth's gravity.

The third group of students showed
very little change. They internalized
the first part of the activity, which
concerned the rolling balls, but did
not generalize it to include the notion
of satellites around the Earth. How-
ever, even achieving this goal is a step
in the right direction since, as we
learn from the history of science,
changing ideas about how things
maove here on Earth is the first stepin
learning about how things move in
space.
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Changing Misconceptions
We all know that it is hard for stu-
dents to change ideas about the world
that they have learned through a life-
time of experiences and to explain
events in a way that is perfectly satis-
factory to them, The students’ ideas
“work” for them, but these ideas are
quite different from what scientists
have in mind when they speak of
subjects such as orbits and weight-
lessness.
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To understand gravity
in space, students need
to crystallize their
ideas about how things
fall on Earth, then
apply these ideas.
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For this reason, we were not dis-
couraged when we found that only
some of our students were able to
gain a more adequate understanding
of how moons and space satellites stay
in orbit.

For factual information or simpler
concepts, we might expect closer to
100 percent success; however, for the
development of fundamental concepts
like gravity, we have to be more pa-
tient and expect that more such expe-
riences—over a longer period of
time—will be necessary to reach all of
our students.

Thanks to the students at Martin
Luther King Jr. Middle School, we
have learned that many students can
change their ideas about the relation-
ship between gravity and the air. Sim-
ply telling the students that this is so
will probably not work. As we have
discussed, students need to crystal-

sTmTY dAne
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lize their ideas about how things fall
on Earth, then apply these ideas—
first in the classroom, and then to
more distant objects until they
achieve a general understanding of
gravity,

As a follow-up to this activity, the
students can conduct experiments us-
ing a vacuum pump and actually ex-
perience the fact that gravity, as well
as magnetic attraction or electrostatic
attraction, can act even without air.
Such hands-on experiences may help
in creating a cognitive conflict among
students who may not vet be con-
vinced that gravity can act in the ab-
sence of air.
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