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I have twice taught the course “Physical Science II” for the MCTP program at Towson University.  The first year I team-taught with Joe Topping, a chemist, and the syllabus reflected a blend of geological and chemical topics.  The second year I taught it solo and revised the curriculum to include about two-thirds earth science and one-third topics from physical optics (my most recent syllabus is attached as Appendix A).  My choice of subjects within each field was guided by both the AAAS Benchmarks (AAAS, 1993) and the National Science Education Standards (NRC, 1996), as well as those topics which lend themselves particularly well to a “constructivist” pedagogy.  In truth this selection represents my favorite topics in the courses in physical geology and the physics of light and color that I have taught in an increasingly constructivist manner at TU for several years.

Most of the activities I used in Physical Science II have been somewhat modified from what I do in my other courses, where the earth science content is more in-depth.  In the following text I present a sample of one such activity.  After presenting this “module,” I close this chapter with some personal observations of my MCTP experience and some excerpts from the students’ final journal entries, in which they reflect on their learning experiences throughout the course.

Primary Goal: Student Discovery

This unit focuses on the essential principles of plate tectonics, the most significant unifying theory of modern geology.  The primary goal of the unit is to provide students with an opportunity to discover and construct for themselves the rudimentary elements of plate tectonics movements that have created the earth’s present-day surface.  This approach essentially reverses the traditional method of presenting this material, in which students are told what major movements have occurred over the 200 million years since the breakup of the great landmass of Pangaea, and are then shown specific examples that illustrate the relative motions.

Given the opportunity to observe resources such as detailed maps (especially the Heezen and Tharp ocean floor map) and globes (such as the National Geographic Physical Globe), my students have been able to formulate some of the fundamental relationships between geologic features, such as mid-ocean ridges and coastal mountain belts, and the processes that form them.  They have also been able to calculate general movement rates and to gain an appreciation for the enormity of time required for such large-scale movements.

Creating opportunities for discovery for my students required that I choose from among a number of physiographic areas that show evidence of plate movements.  For example, the relatively straightforward illustration I chose for a central activity in this unit is the symmetric seafloor spreading of the mid-Atlantic ridge, which has been occurring since the opening of the north Atlantic Ocean approximately 100 million years ago.  Dated rock core samples from specific locations in the Atlantic seafloor enable students to measure spatial distance of the cores from the ridge axis, where basaltic rock material is presently forming.  Dividing this distance by the time elapsed since the rocks’ formation (i.e., the age) generates the rate of movement of that segment of oceanic plate from the ridge.  Since the other side of the plate is also moving away from the ridge, the total movement rate is twice this value.  Such data are readily available from numerous locations across ridges on the seafloor (Brice, Levin, & Smith, pp.52-53).

Although my students often struggled during these activities, their journal entries have shown recognition that, as one student wrote, “…the beauty is that when you figure it out with some effort, you understand it better.”  Moreover, students who plan to become teachers have drawn conclusions such as, “When I see my kids frustrated, I will guide them to discovering the answer because it is more rewarding to solve a problem than to have the material dictated.” 

Overall, the plate tectonics unit was designed to engage students in the following:

· observing the distribution and geometric relationships of major physiographic features of the earth’s suface;

· applying previous knowledge of basic geography to the development of broader themes;

· manipulating scale, involving measurement of both enormous spatial dimensions as well as inexorably slow rates of motion; activities include

· constructing a scaled representation of the 4.6 billion years of geologic time (plotting specific events on this scale requires real comprehension rather than of the use of exponents);

· determining movement rates and conversion of these quotients to meaningful expressions, generally on the order of centimeters per year;

· utilizing measuring skills, as students express the distances between locations where rock samples have been dated; and

· performing authentic assessments of knowledge through meaningful analysis of new data sets and comparison with their previous results.

In designing the unit with these goals, it became essential for me to integrate instruction in mathematics.  The students’ facility with exponents was addressed in several guises: labeling of a time scale with billion- and million-year divisions, converting rates for kilometers per million years to centimeters per year, and construction of the Richter scale.

Context for the Plate Tectonics Unit

This unit is designed to follow several student-centered investigations wherein they discover the essential characteristics of minerals and rocks from their own observations, and ascertain that the earth’s surface is divided into continents and ocean basins.  One of these preliminary activities involves the determination of densities of materials from the continental crust, oceanic crust, and mantle.  A hypothesis students may develop to explain the density relationships between these materials is that the earth may be layered, and the lighter layers “float” on the heavier layers.  Class discussion of this may lead students to speculate about the earth’s core, which would be comprised of the heaviest material.  Since of course we do not have samples of this, a small polished piece of an iron meteorite, presumably from the core of an ancient planetary body, usually amazes students at this point.  

Students then develop hypotheses for heat transfer from the molten outer core outward through the mantle, the process that drives large-scale plate tectonic movements of earth’s plates.  From this point, using the unit described in this paper, students investigate fundamental processes and plate movement directions and rates, eventually verifying their hypotheses and uncovering for themselves evidence for the enormity of geologic time.  Students then begin to explore aspects of seismic waves as a transition to the physical optics section of the course.

Pedagogical Considerations

In developing and teaching this unit with a constructivist approach, I took the following key factors into consideration:

Engagement.  To spark students’ interest and start them thinking about physical changes on a large spatial scale, I presented them with cutouts of some of the major continents, especially Africa and South America, and allowed them time to explore.  (Photographic slides of satellite views of parts of the earth can also illustrate this.)  After some minutes of manipulation, the students “discovered” that some of the coastlines fit together.

Prior knowledge.  On the first day of this unit, I had the students fill out an anonymous questionnaire where they can record their preconceptions about the earth’s surface and interior (see Appendix B).  I have found that most students have sufficient geographic knowledge to identify the landmasses and have heard of “continental drift,” which is the antiquated forerunner of modern plate tectonic theory.  Our class discussions elicited connections between tectonic movement and geologic processes like earthquakes and volcanoes.  A likely area of frustration involves students’ manipulation of exponents, required both in the constructions of the geologic time scale and in the expression of tectonic movement rates.

Monitoring Beliefs.  By encouraging continual class discussion and questioning, I have found that students have ample opportunity to express skepticism and sometimes awe at the magnitude of the physical changes recorded on the earth’s surface.  I have also found that letting students “discover” plate tectonics gradually in this manner, rather than first lecturing on it as a “fact,” allows those with more fundamentalist religious backgrounds to appreciate and understand this geological theory with more open minds.  

Concept Development.  I encourage students to develop multiple working hypotheses as they wonder about the origin and nature of the various features they encounter in examining a detailed physiographic map of earth’s surface, both continental and ocean floor (Dolgoff, 1996, pp. 256-7).  I created a “travelogue” (Appendix C) to guide their observations as they cruised along mid-ocean ridges from Iceland all the way around to the San Andreas fault in California.  Photographic illustrations of features such as volcanic island arcs can supplement student investigations of these landforms.

Making connections.  This unit gives students the opportunity to recognize that a geographic patter of “disasters” can be seen as they connect localities they have heard of in the news with their geologic positions relative to active plate boundaries.  To facilitate their making these connections, we explore several Internet sites, such as the U.S. Geologic Survey’s Earthquake Information page, to let the students “wander and wonder” through the Web’s geologic resources.

Group Dynamics.  Collaborative learning was employed throughout the course, from group laboratory activities to group work on parts of the performance assessments in the course examinations.  Groups were rearranged throughout the semester to give these future teachers exposure to a variety of learning styles and changing group dynamics.

Student Reactions.  Expressions of bewilderment, frustration and confusion are fairly common in the beginning of this unit, and students are encouraged to share and to listen to these, as they only validate the enormity of the scale of the processes that the students are in the process of discovering.

Materials

The various maps used in this unit may be found in earth science supply catalogs (like Natural Science, Ward’s annual catalog) and laboratory manuals in either physical or historical geology.  Materials for the earthquake seismogram activity can also be from published case studies.  The geologic dates of major events for the time scale construction can also be found in lab manuals.  Other basic materials include rulers and calculators.

The most significant change I made when I taught this course for the second time, other than topic choices, was to incorporate a few CD-ROMs (such as The Theory of Plate Tectonics [Tarbuck, 1994]) for geophysical databases and interactive plate tectonic reconstructions.  Several Internet sources were also used, such as sites for seafloor rock ages and current earthquake and volcano data.

Unit Chronology and Reflection

The first semester this course was taught, the unit on plate tectonic movements and reconstructions lasted for three class days (each class meeting time was 2 ½ hours).  My team-instructor and I realized then that a fourth day would have provided more opportunity for students to practice their calculation skills and extend their comprehension.  During the second semester, I added two days to the unit, and introduced earthquake data, determination of epicenter locations, and seismic wave behavior, which made the transition to the next unit on light waves and physical optics.

Day 1

As an introduction to the concept of plate tectonics, students examined continental shapes and their positions on a large physiographic map of earth’s surface.  Using the travelogue mentioned earlier, they took a “guided tour” with question prompts that followed mid-ocean ridges from Iceland around to Central America and up into the San Andreas fault of California.  Observations of physiographic features such as volcanic islands were correlated with geologic activities that they knew about (earthquakes, volcanoes).  During a class discussion, we connected a previously assigned reading (from Trefil & Hazen, 1995) with these discoveries, although prior readings are not necessary or probably even desirable.  A follow-up “homework” activity was to reassemble Pangaea as accurately as possible using cutout continents; problems encountered in the reconstructions were to be discussed in the next class.

Day 2

The class began with the film Powers of Ten (Demetrios, 1989).  Students then constructed a geologic time scale using 15-meter lengths of register tape and a meter stick, with 1 meter being equal to 1 billion years.  Students were to label the eras (Precambrian, etc.) and “discover” a conversion that would enable them to plot important dates onto the tape such as the extinction of dinosaurs 67 million years ago (lab manuals containing this information include Fletcher and Wiswall, 1990, pp. 91-2).  Students struggled a bit as they all discovered that they did not understand exponents as well as they thought they did.  (This became a recurring mathematical theme in the course.)  Student discussion and journal entries indicated that this was an eye-opening and thought-provoking experience.

Day 3

Students continued discussion of plate movements by manipulating a three-dimensional globe and examining “flip books” (Scotese, 1997) showing the plate positions for the last 700 million years.  This led to the idea that plate movements can be quanitifed from age determinations in seafloor core samples as a function of distance from a mid-ocean ridge.  Students’ activities involved carefully measuring map distance of dated cores and calculating the spreading rate, being eventually guided into doubling the values because of the symmetry of the ridge.  Expressing these rates in centimeters per year proved challenging, and we spent time manipulating exponents once again.  Students were astonished to discover from their own calculations that the Atlantic is opening at the rate of several centimeters per year.  They were then asked to convert this to something that they could visualize, such as rate of fingernail growth.  This was undoubtedly much more meaningful than if they were told the plate movement rates as a given fact.

Day 4

Since the most dramatic evidence of plate movements is earthquakes, we discussed the basics of earthquakes, which diverted into an illustrated mini-lecture format to explain basic seismology terminology—epicenter, focus, magnitude, P- and S-waves.  Longitudinal and transverse wave motions were illustrated with springs.  Frequency, velocity, amplitude and energy were also explored and discussed.

Day 5

An earthquake epicenter location exercise involved measuring P- and S-waves arrival times from a seismogram, converting to distance, and plotting intersecting arcs on a map to pinpoint location.  Various Web sites can be visited to examine some aspects of the occurrence of and parameters associated with earthquakes.  Earthquakes provide a transition into the later study of waves.

Assessment

Several methods for assessment of student comprehension were utilized, including the weekly journals.  The midterm exam contained two authentic assessment activities of student understanding of the features and measurement of plate tectonic movement.  The first involved a physiographic map of the South Sandwich Islands; students interpreted this area’s plate tectonic setting from the trench-island arc features, and them predicted what type of geological materials would be encountered there (the exam must follow igneous rock section).  The second assessment problem included several maps of the Hawaiian Islands taken from a variety of sources.  Each map displayed radiometric ages of basaltic rock from several islands, which have been moving over a stationary “hot spot” in the mantle for the last 100 million years.  From the pattern of rock ages, which get progressively older to the northwest along the chain, students accurately concluded that plate movement over the hot spot produced this string of islands and submerged seamounts across the Pacific floor toward the Aleutian trench.  They then measured the distances between rock localities and calculated the movement rate; expressing this in centimeters per year always proved to be a challenging test of their facility with exponents.  Students then compared these with rates determined for the Atlantic, discussed the variations, and explained their significance (i.e., the Pacific rates are much faster).  This process also required them to evaluate which of the published maps were most useful for this exercise, and to explain why.

Instructor’s Reflections on the MCTP Experience

During the first semester, instructors as well as students kept journals of their thoughts and observations throughout the course and many of these were included in the previous description of the unit activities.  I have since this time also followed a more constructivist approach in my “regular” physical geology course, and noted similar student surprise and satisfaction when they “discover” for themselves evidence for plate movement and those processes that create mountains.  However, I find it is generally difficult for many introductory students to realistically grasp and internalize either complex sequences of geologic events or time periods of more than a million years.

I have gradually become less devoted to “covering” a certain amount of content in my introductory geology courses, but rather to using a selection of thorough, student-centered investigations of key concepts and processes.  It is still difficult for me, however, to whittle down the “core” of the physical geology course any further to include more constructivist units.

Students’ Reflections

After my sense of initial frustration, I began to desire to understand….

The students’ experiences in this course were generally good, although frustration levels and grade anxiety were higher than usual throughout the course.  Weekly journal entries were one way I tried to assuage their fears and provide them with encouragement through responses to their journal questions and suggestions for further explorations.  I found that some students remained shy about asking questions in class, although their intellectual involvement in the course material and learning process was evident in their journal entries.  I also came to prefer written journals to electronic ones because I felt I could gauge students’ anxiety levels from their writing; they could also make sketches of geologic features they’d seen and wanted to ask about.  I have continued these “learning journals” in all of my introductory courses because, despite the time involved, I get invaluable feedback and can keep some students focused on improving their performance rather than losing them in frustration during the semester.

For this semester, described in this report, the final journal entry was a reflection on the entire course and an assessment of their own efforts and participation.  Students were to read through their entire journals prior to this exercise.  I have excerpted below some of their most revealing comments, both positive and negative, and I think they tell us more about the success of the MCTP program than anything I could write.

Reflections on ways of learning:

I just finished reading my journal entries from the past classes and I noticed a very strong trend: at the beginning of units I sounded baffled and unsure of myself and the material, by the mid-to-end of units it sounded like I was actually getting the hang of what we were doing during the class….

***

When it comes to testing, if you have learned the material rather than just memorized it, you can usually apply it to any situation.

***

In the beginning, with the classification of minerals, I wanted to start the lab by measuring and calculating rather than just looking at what was there.  But, by the end, I was able to just look at something and think about what it meant.

***

After the first exam, I began to focus on understanding concepts instead of memorizing.

***

These journals have been very helpful to me as well.  I was able to write down questions, concerns, and new learning.  After having read through my journal again, it is evident that I got better at figuring out the tough concepts within my group and on my own.  I also got better at asking questions.  Before this class I was embarrassed to ask questions.  This has been tough yet rewarding.

***

I learned much more from demonstrations than anything else.  The hands-on approach makes me remember more for longer.

***

It was a good idea having us figure out about plate movement instead of telling us.  It really made me think about it and put different ideas together.

On group work:

Group work was very helpful for me.  I have always learned best through discussion with my peers.  However, I feel that we should have deserved more credit for our group assignments.

***

I feel that group work really enhances one’s sense of knowing.  Working with peers allows you to actually discuss the concepts out loud and also allows you to help each other when one member of the group stumbles upon a problem they cannot solve by themselves.

On how tough the course was for some students:

[This course] was a challenge and frustrating and at times downright confusing…. I have learned quite a bit about physical science (although a different pedagogy would made a less stressful learning experience).  It’s like the course was harder than it needed to be.

***

I found myself taking great interest in the material for a couple of reasons: 1) the actual topics blew my mind, i.e., plate tectonics, and I wanted to know more about it for personal reasons; and 2) this was really the first time (in a science course) I had trouble grasping a concept upon initial introduction.

On the course’s value for future teachers:

There are a lot of things that I have learned from this course that I can use in my own classroom.  I learned that science can be fun!  This is essential for children to realize, it sparks their interest.  We did a lot of neat things with rocks, prisms, and rainbows, all of which kids in general like to learn about.

***

This course not only taught me about physical science, but it taught me how I learn…. By understanding the process of learning, I feel I can be a much more effective teacher.

***

I think the method of doing an experiment, without a lot of instruction, seeing what children gain from the experiment by discussing it, and then building and refining their experiment by discussing it, is a wonderful way to teach.

***

This course successfully taught me physical science, but it also has impacted the way I learn and the style of teaching that I will use in my classroom.

***

Another outstanding attribute I am taking from this course comes directly from your teaching: I will not give the students the answers.  I will stick beside them and aid them in coming upon the answers for themselves.

***

Before taking this course, the only way I could identify a rock or mineral was because I had seen it before and remembered what it looked like.  Now I can look at a rock I’ve never seen before and find identifying characteristics in it.  To me, it’s so neat to be able to do that.  And if I’m excited about it, and find it fun, when into a classroom, I can pass that excitement onto my students.

And my personal favorite:

It’s like the old saying: You can catch someone a fish and they can eat for a day.  But if you teach them how to fish you can feed them for a lifetime.  Throughout this course I have learned how to fish.
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Appendix A

course syllabus

physical science II—phsc103

Course Schedule

Date
Topic/Activity  







Text

1/30
Introduction; Questionnaires; Observation of physical objects



2/4
Description, measurement and classification of physical objects

2

2/6
Introduction to floating versus sinking

2/11
Determining density: assessment activity




4, 5

2/13
Continued buoyancy, specific gravity measurements

2/17
Physical properties of minerals: hardness, cleavage, etc.


28


Solid geometry of crystals, investigation of symmetry elements

2/19
Solids: dissolution; crystallization from solution (cont’d at home)

2/25
Crystallization from a melt: inference of cooling rate from grain size

2/27 
Exam I

3/ 4
Igneous rocks: interpretation of textures, classification

3/6 
The Rock Cycle: weathering, transportation, deposition, lithification, etc. 

3/11
Soil: physical and chemical characteristics

3/13
Earth’s differentiated structure; Introduction to Plate Tectonics

27

3/18
Films: “Powers of Ten”; Geologic time scale; Tectonic plate movements
31

3/20
Measurement of plate movements

4/1 
Earthquake waves: epicenter location

4/3
Waves and wave behavior; Interference

4/8
The electromagnetic spectrum





16

4/10
Exam 2

4/15
Color mixing: additive and subtractive

4/17
Theatrical lighting: trip to Fine Arts

4/22
Young’s double slit demonstration: diffraction of blue versus red light
15

4/24
Atoms: emission spectra, identification of gases, solar spectroscopy

4/29
Refractive index of solids and liquids

5/1
Dispersion and the white light spectrum

5/6
Rainbows, halos, and coronas

5/8
Scattering: Why the sky is blue

5/13
Mirages; Course evaluations

General Course Information

Meeting Times and Teaching Methodology

Class meets in Smith Hall 473 on Tuesdays and Thursdays from 12:30 to 2:45 p.m.  The sessions will generally be laboratory-type activities with little formal “lecture.”  The pedagogical approach in this course employs a series of student-centered collaborative exercises that hopefully lead to students’ discovery of and construction of fundamental concepts.  We will be integrating fundamental topics from the fields of earth science and physics, along with some chemistry and mathematics.

This course has been developed as part of a statewide program called the Maryland Collaborative for Teacher Preparation (MCTP) that is funded by the National Science Foundation.  Although the ultimate goal of the MCTP program is to prepare pre-service teaching specialist in science and math for middle grades, we strongly believe that other students will benefit from such a course that strives to integrate science topics in an innovative way.  The essential prerequisite is Physical Science I, along with enough mathematics to handle the calculations and data manipulations we will be doing.  This is a “content” course, rather than a “methods” course; the pedagogy will employ aspects of “constructivism” similar to what you might be using as in-service teachers.  The content is appropriate to university students, although most of the topics are also designated for middle grades in both AAAS Benchmarks (AAAS, 1993) and the National Science Education Standards (NRC, 1996).  

Text 

The Sciences: An Integrated Approach: Laboratory Manual by Robert M. Hazen & James Trefil (1995), Wiley and Sons.

This text will serve as a supplement to the laboratory handouts, and may prove a useful resource in your future profession.  Additional readings will be assigned throughout the semester.

Grading

Exercises

approximately 250 points

Journal




100

Exams




300

Portfolio



50

Participation



50






750 points

Exercises

The in-class activities and at-home assignments (homework, writing, Internet exercise, etc.) comprise the majority of your learning experiences in this course, and it is vital that you undertake these in a serious manner.  Be prepared to turn in each day’s exercise at the end of that class period.  In-class writing will be done periodically as well.  Keep all your course materials together in a portfolio that you will turn back in at the end of the semester, along with additional self-evaluations.

Journal

The journal is intended as a means for you to reflect on your learning experience: what your preconceptions were about a topic, a very brief synopsis of what you did in class, what worked for you in that activity, what didn’t, what you discovered, what surprised you, what you still are confused or frustrated about.  You should make at least one full-page entry for each class meeting.  Unless otherwise instructed, the journals will be turned in each Thursday at the end of class.  I prefer your entries be made on loose-leaf paper in a manila folder (so you can make an entry even when I have your journal).  Please turn in your entire journal each time so I may refer back to monitor your progress (this is one reason why I prefer written journals to electronic ones).

Examinations

The exams in this course will reflect its goals and methodology, requiring you to develop and display the higher-order thinking skills of application, analysis, synthesis, and evaluation, rather than just recall and comprehension.  The exams consist of authentic and/or performance assessments and problem-solving exercises that you will work on along and/or in a group.

Attendance and Participation

Because of the “hands on” nature of the activities, you (and your hands) must be here each class period.  The instructor’s schedule this semester rules out your making up a 2+ hour class without a legitimate, documented excuse involving some type of personal emergency.  Your physical and mental participation are absolutely essential for this kind of pedagogy to work, as you and your colleagues learn from each other.  Good participation includes asking and answering questions in class (reflecting your participation), undertaking and completing the assigned activities in an engaged and thoughtful manner, cleaning up your materials as instructed, and being in general a good classroom citizen.

Portfolio

At the end of the semester, you will assemble all of your course work (including your journals) neatly into a portfolio, which will include some new metacognitive reflections and self-evaluations.  These portfolios may be displayed to other faculty participants in the MCTP program, and journal entries may be photocopied (all without your names).  They will be returned to you after the semester ends.

Academic Integrity

Group work is of course collaborative by nature, but should not involve copying.  You are expected to contribute your own ideas, and will be required to perform individually as well as a team member of your group.  Groups will be reassigned periodically throughout the semester.  Cheating on classroom activities will result in zero credit to all involved parties.  Cheating on an exam will result in failure of the course and will be reported to the Physics Chair and the College Dean.

Appendix B

No name please
Physical Geology 

Preliminary Questionnaire

What are the basic types of rocks and how do you tell them apart?

What exactly causes earthquakes? Why do they occur where they do?

How old is the earth and how do we know this?

What is the largest mountain chain on earth? Why are there mountains? 

Appendix C

Travel Guide to the Tectonic Features

of the Earth’s Ocean Floor

Start at Iceland. What do you hear about geologic hazards in Iceland?

Draw a general sketch of the prominent feature you see running south from Iceland on the floor of the Atlantic Ocean:

Follow this mid-ocean ridge south. Compare the shapes of the coastlines of South America and Africa. How does the ridge relate to these coastlines? What process do you think could create this mid-ocean ridge? Now add arrows to your sketch.

Follow the mid-ocean ridge around the southern tip of Africa and into the Indian Ocean, noting that it branches. Explore the branch that goes under the seas that bound the Arabian Peninsula and northeastern Africa. From what you observe on the seafloors, how do you think these seas originated? 

Now go back and follow the mid-ocean ridge across the Indian Ocean and all the way across the Pacific. Trace its end northward, where it becomes the San Andreas Fault. What are some of the geological events you hear about that occur here?

You have just traced an important plate tectonic boundary. Not all volcanoes happen along plate boundaries. Locate the Hawaiian Islands in the Pacific. Note that as you go northwest, the “islands” become submerged. Why do you think they do that?

The only active volcanism within this chain is at the southeastern edge of the “big island” of Hawaii, although all of these islands and seamounts are made of the volcanic rock basalt. What interpretations can you make about the origin of this chain? 

This entire continuous chain is called the Hawaiian‑Emperor seamount chain. What happens to the orientation of the seamount chain as you go northwest? What might cause this?

Draw the general map pattern of the chain, including arrows to illustrate your interpretations: 

Now examine the islands of Japan. What geological activities do you hear about happening in Japan?  

Mt. Fiji is a famous volcano in Japan that you’ve probably seen pictures of. How does its shape differ from the broad shield volcanoes of Hawaii? What does its steeper shape signify about its eruption style? 

Note that the Japanese islands form an arcuate shape in contrast to the linear trend of the Hawaiian islands. What deep undersea feature lies adjacent to the islands? 

How is it positioned relative to the archipelago of islands, that is, is the trench on the concave or convex side of the island arc? 

Draw the general map pattern of Japan and the adjacent undersea trench:


Where else in the western Pacific do you see a similar pattern? 


What can you predict about the geological hazards of these areas?

Now compare the eastern and western coasts of North America, particularly offshore. How are they different, and what might be some geological reasons for this?
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